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LIGHT-EMITTING MATERIAL COMPRISING 
ORTHOMETALATED IRIDIUM COMPLEX, 

LIGHT-EMITTING DEVICE, HIGH EFFICIENCY 
RED LIGHT-EMITTING DEVICE, AND NOVEL 

IRIDIUM COMPLEX 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/844,394 ?led on May 13, 2004, Which is a 
divisional of US. application Ser. No. 09/747,933 ?led Dec. 
27, 2000, the disclosures of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a light-emitting 
material (i.e., a light-emitting device material) and light 
emitting device capable of converting electric energy to light 
Which is then emitted and more particularly to a light 
emitting device Which can be preferably used in various arts 
such as display device, display, backlight, electrophotogra 
phy, illuminating light source, recording light source, expo 
sure light source, reading light source, sign, advertising 
display and interior. The present invention also relates to a 
novel light-emitting material Which can be expected to ?nd 
application in various arts. 

[0004] 2. Description of the Related Art 

[0005] Today, various display devices have been under 
active study and development. In particular, an organic 
electric ?eld light-emitting (EL) device can emit With a high 
luminance at a loW voltage and thus has been noted as a 
favorable display device. For example, a light-emitting 
device having a vacuum-deposited thin organic layer has 
been knoWn (Applied Physics Letters, vol. 51, page 913, 
1987). The light-emitting device described in this reference 
comprises as an electron-transporting material tris(8-hy 
droxyquinolinate) aluminum complex (Alq) Which is lami 
nated With a positive hole-transporting material (amine 
compound) to exhibit drastically improved light-emitting 
properties as compared With the conventional single-layer 
type devices. 

[0006] In recent years, the application of organic EL 
device to color display has been under active study. HoW 
ever, in order to develop a high performance color display, 
it is necessary that the properties of blue, green and red 
light-emitting devices be each improved. 

[0007] As a means for improving the properties of light 
emitting devices there has been reported a green light 
emitting device utiliZing the emission of light from ortho 
metalated iridium complex (Ir(ppy)3: Tris-Ortho-Metalated 
Complex of Iridium (III) With 2-Phenylpyridine) (Applied 
Physics Letters 75, 4 (1999)). The foregoing device can 
attain an external quantum yield of 8%, Which is higher than 
the limit of the external quantum yield of the conventional 
light-emitting devices, i.e., 5%. HoWever, since the forego 
ing light-emitting device is limited to green light-emitting 
device, the range Within it can be applied as a display is 
narroW. It has thus been desired to develop light-emitting 
materials capable of emitting light having other colors. 
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[0008] Noting a red light-emitting device, many light 
emitting devices comprising DCM(4-(Dicyanomethylene) 
2-methyl-6-(4-dimethylaminostyryl)-4H-pyran) and its 
analogy have been reported. No devices having an external 
quantum ef?ciency of more than 5% have been reported. If 
the external quantum efficiency of 5%, Which is considered 
to be the limit of the external e?iciency of the conventional 
red light-emitting device, can be surpassed, the development 
of high ef?ciency organic EL devices capable of emitting 
light having various colors can make a great progress. It has 
thus been desired to develop such high ef?ciency organic EL 
devices. 

[0009] On the other hand, an organic light-emitting device 
Which can attain light emission With a high luminance is one 
having a laminate of vacuum-deposited organic material 
layers. The preparation of such a device is preferably 
accomplished by a coating method from the standpoint of 
simpli?cation of production procedure, Workability, area 
attained, etc. HoWever, the device prepared by the conven 
tional coating method is inferior to that prepared by vacuum 
evaporation method particularly in light-emitting ef?ciency. 
It has thus been desired to develop a novel light-emitting 
material. 

[0010] In recent years, various materials having ?uores 
cence have been used in various arts such as ?lter dye, color 
conversion ?lter, dye for photographic material, sensitiZing 
dye, dye for dyeing pulp, laser dye, ?uorescent medicine for 
medical diagnosis and organic light-emitting material. Thus, 
there is a groWing demand for such a material. NeW light 
emitting materials have been desired. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a 
light-emitting device having good light-emitting properties, 
a light-emitting material Which can form such a light 
emitting device, and a novel light-emitting material Which 
can be used in various ?elds. (a ?rst embodiment) 

[0012] Another object of the present invention is to pro 
vide a red light-emitting device having good light-emitting 
properties, a light-emitting material Which can form such a 
light-emitting device, and a novel light-emitting material 
Which can be used in various ?elds. (a second embodiment) 

[0013] The foregoing object of the invention can be 
accomplished by the folloWing means. 

[0014] 1. A light-emitting material comprising a com 
pound having a partial structure represented by the folloW 
ing formulae (1) to (10), (21), (22), or tautomer thereof: 

(1) 
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-continued 

(3) 

wherein R1 and R2 each represent a substituent; and q1 and 
q2 each represent an integer of from 0 to 4, With the proviso 
that the sum of q1 and q2 is l or more, 

(4) 

wherein Z11 and Z12 each represent a nonmetallic atom 
group required to form a 5- or 6-membered ring With at least 
one of carbon atom and nitrogen atom, said ring optionally 
having a substituent or forming a condensed ring With the 
other ring; Lnl represents a divalent group; Y1 represents a 
nitrogen atom or carbon atom; and b represents a single bond 
or double bond, 

(5) 
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Wherein Z21 and Z22 each represent a nonmetallic atom 
group required to form a 5- or 6-membered ring With at least 
one of carbon atom and nitrogen atom, said ring optionally 
having a substituent or forming a condensed ring With the 
other ring; Y2 represents a nitrogen atom or carbon atom; 
and b2 represents a single bond or double bond, 

(3) 

Wherein X201, X202, X203 and X204 each represent a nitrogen 
atom or CiR and forms a nitrogen-containing heteroaryl 
6-membered ring With 4C=Ni, With the proviso that at 
least one of X201, X202, X203 and X204 represents a nitrogen 
atom; R represents a hydrogen atom or substituent; and Z201 
represents an atomic group for forming an aryl or heteroaryl 
1mg, 

(9) 

Wherein Z201 and Z301 each represent an atomic group for 
forming an aryl or heteroaryl ring, 

(10) 

Wherein Z201 and Z401 each represent an atomic group for 
forming an aryl or heteroaryl ring, 
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(21) 

(22) 

wherein Z1 represents an atomic group Which forms a 
heteroaryl ring. 

[0015] 2. The light-emitting material according to item 1, 
Which comprises the compound represented by the formula 
(21) or (22), Wherein said quinoline derivative ligand is 
formed by at least four rings. 

[0016] 3. A compound having a partial structure repre 
sented by the folloWing formula (4) or a tautomer thereof: 

(4) 

wherein Z11 and Z12 each represent a nonmetallic atom 
group required to form a 5- or 6-membered ring With carbon 
atom and/or nitrogen atom, said ring optionally having a 
substituent or forming a condensed ring With the other ring; 
Lnl represents a divalent group; Y1 represents a nitrogen 
atom or carbon atom; and b1 represents a single bond or 
double bond. 
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[0017] 4. A compound represented by the folloWing for 
mula (23) or (24): 

(23) 
(Rll)ml 

wherein R11 and R12 each represent a substituent; R13, R14 
and R15 each represent a hydrogen atom or substituent; in1 
represents an integer of from 0 to 4; and m2 represents an 
integer of from 0 to 6, 

(24) 
(R1 l)ml 

wherein R11 and R12 each represent a substituent; in1 rep 
resents an integer of from 0 to 4; m2 represents an integer of 
from 0 to 6; Z2 represents an atomic group Which forms an 
aryl or heteroaryl ring; Z represents an atomic group Which 
forms a nitrogen-containing heteroaryl ring; and n' repre 
sents an integer of from 1 to 3. 

[0018] 5. An organic light-emitting device comprising a 
light-emitting layer or a plurality of thin organic compound 
layers containing a light-emitting layer formed interposed 
betWeen a pair of electrodes, Wherein at least one layer 
comprises a light-emitting material having a partial structure 
represented by the folloWing formula (1) to (10), (21), (22) 
or a tautomer thereof: 

(1) 
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-continued 

(3) 

wherein R1 and R2 each represent a substituent; and q1 and 
q2 each represent an integer of from 0 to 4, With the proviso 
that the sum of q1 and q2 is l or more, 

(4) 

5 

wherein Z11 and Z12 each represent a nonmetallic atom 
group required to form a 5- or 6-membered ring With at least 
one of carbon atom and nitrogen atom, said ring optionally 
having a substituent or forming a condensed ring With the 
other ring; Lnl represents a divalent group; Y1 represents a 
nitrogen atom or carbon atom; and b1 represents a single 
bond or double bond, 

(5) 

Wherein Z21 and Z22 each represent a nonmetallic atom 
group required to form a 5- or 6-membered ring With at least 
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one of carbon atom and nitrogen atom, said ring optionally 
having a substituent or forming a condensed ring With the 
other ring; Y2 represents a nitrogen atom or carbon atom; 
and b2 represents a single bond or double bond, 

(3) 

Wherein X201, X202, X203 and X204 each represent a nitrogen 
atom or CiR and forms a nitrogen-containing heteroaryl 
6-membered ring With 4C=Ni, With the proviso that at 
least one of X201, X202, X203 and X204 represents a nitrogen 
atom; R represents a hydrogen atom or substituent; and Z201 
represents an atomic group for forming an aryl or heteroaryl 
1mg, 

(9) 

Wherein Z201 and Z301 each represent an atomic group for 
forming an aryl or heteroaryl ring, 

(10) 

Wherein Z201 and Z401 each represent an atomic group for 
forming an aryl or heteroaryl ring, 
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(21) 

(22) 

wherein Z1 represents an atomic group Which forms a 
heteroaryl ring. 

[0019] 6. An organic light-emitting device according to 
item 5, Wherein at least one layer consists essentially of the 
light-emitting material. 

[0020] 7. The light-emitting device according to item 5, 
Wherein said layer comprising the light-emitting material is 
formed by a coating process. 

[0021] 8. An organic light-emitting device comprising a 
light-emitting layer or a plurality of thin organic compound 
layers containing a light-emitting layer formed interposed 
betWeen a pair of electrodes, Wherein at least one layer 
contains an orthometalated iridium complex, and said layer 
containing an orthometalated iridium complex is formed by 
a coating process. 

[0022] 9. An organic light-emitting device having an 
external quantum ef?ciency of 5% or more, and a kmax of 
light emitting of 590 nm or more. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The ?rst embodiment of the present invention Will 
be further described hereinafter. 

[0024] The compound according to the invention is a 
light-emitting material comprising an orthometalated iri 
dium complex. “Orthometalated metal complex” is a generic 
term for a group of compounds as described in Akio Yama 
moto, “Yuki KinZoku Kagaku-Kiso to Oyoi(Organic Metal 
ChemistryiFundamentals and Application)”, Shokabosha, 
pp. 150, 232, 1982, H. Yersin, “Photochemistry and Photo 
physics of Coordination Compounds”, Springer-Verlag, pp. 
1-77, pp. 135-146, 1987, etc. 

[0025] The valence of iridium in the orthometalated iri 
dium complex is not speci?cally limited but is preferably 3. 
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The ligands constituting the orthometalated iridium complex 
are not speci?cally limited so far as they can form an 
orthometalated complex. In practice, hoWever, there may be 
used, e.g., aryl group-substituted nitrogen-containing het 
erocyclic derivative (The aryl group substitutes for the 
nitrogen-containing heterocycle on the carbon atom adjacent 
to nitrogen atom. Examples of the aryl group include phenyl 
group, naphthyl group, anthryl group, phenanthryl group, 
and pyrenyl group. The aryl group may further form a 
condensed ring With other carbon rings or heterocycles. 
Examples of the nitrogen-containing heterocycle include 
pyridine, pyrimidine, pyraZine, pyridaZine, quinoline, iso 
quinoline, quinoxaline, phthalaZine, quinaZoline, naphtholi 
dine, cinnoline, perimidine, phenanthroline, pyrrole, imida 
Zole, pyraZole, oxaZole, oxadiaZole, triaZole, thiadiaZole, 
benZimidaZole, benZoxaZole, and phenanthridine), het 
eroaryl group-substituted nitrogen-containing heterocyclic 
derivative (The heteroaryl group substitutes for the nitrogen 
containing heterocycle on the carbon atom adjacent to 
nitrogen atom. Examples of the heteroaryl group include 
group containing the foregoing nitrogen-containing hetero 
cyclic derivative, chenyl group, and furyl group), 7,8-ben 
Zoquinoline derivative, phosphinoaryl derivative, phosphi 
noheteroaryl derivative, phosphinoxyaryl derivative, 
phosphinoxyheteroaryl derivative, aminomethylaryl deriva 
tive, aminomethylheteroaryl derivative, etc. Preferred 
among these ligands are aryl group-substituted nitrogen 
containing aromatic heterocyclic derivative, heteroaryl 
group-substituted nitrogen-containing aromatic heterocyclic 
derivative, and 7,8-benZoquinoline derivative. Even more 
desirable among these ligands are phenylpyridine derivative, 
chenylpyridine derivative, 7,8-benZoquinoline derivative, 
benZylpyridine derivative, phenylpyraZole derivative, phe 
nylisoquinoline derivative, and phenyl-substituted deriva 
tive of aZole having tWo or more nitrogen atoms. Particularly 
preferred among these ligands are chenylpyridine derivative, 
7,8-benZoquinoline derivative, benZylpyridine derivative, 
phenylpyraZole derivative, phenylisoquinoline derivative, 
and phenyl-substituted derivative of aZole having tWo or 
more nitrogen atoms. 

[0026] The compound of the invention may have ligands 
other than the ligands required to form an orthometalated 
complex. Examples of the other ligands include various 
knoWn ligands. Examples of these ligands include those 
described in H. Yersin, “Photochemistry and Photophysics 
of Coordination Compounds”, Springer-Verlag, 1987, Akio 
Yamamoto, “Yuki KinZoku Kagaku-Kiso to Oyoi(Organic 
Metal ChemistryiFundamentals and Application)”, Shoka 
bosha, 1982, etc. Preferred among these ligands are halogen 
ligands (preferably chlorine ligand), nitrogen-containing 
heterocyclic ligands (e.g., bipyridyl, phenanthroline), and 
diketone ligands. Even more desirable among these ligands 
are chlorine ligand and bipyridyl ligand. 

[0027] There may be used one or a plurality of kinds of 
ligands constituting the compound of the invention. The 
number of ligands in the complex is preferably from 1 to 3, 
particularly from 1 or 2, more preferably 1. 

[0028] The number of carbon atoms in the compound of 
the invention is preferably from 5 to 100, more preferably 
from 10 to 80, even more preferably from 14 to 50. 

[0029] Preferred among the compounds of the invention 
having a partial structure represented by the formulae (1) to 
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(10) or tautomers thereof are those having a partial structure 
represented by the formulae (1), (2), (4) to (10) or tautomers 
thereof. 

[0030] The compound having a partial structure repre 
sented by the formula (1) or tautomer thereof may have one 
iridium atom per molecule or may be a so-called binuclear 
complex having tWo or more iridium atoms per molecule. 
This compound may further contain other metal atoms. This 
can apply to the compounds having a partial structure 
represented by the formula (2) to (10) or tautomers thereof. 

[0031] In the formula (3), R1 and R2 each represents a 
substituent. The su?ixes q1 and q2 each represent an integer 
of from 0 to 4, With the proviso that the sum of q1 and q2 is 
l or more. When q1 and q2 each are 2 or more, the plurality 
of Rl’s and R2’s may be the same or different. 

[0032] Examples of the group represented by R1 or R2 
include alkyl group (alkyl group preferably having from 1 to 
30, more preferably from 1 to 20, particularly from 1 to 10 
carbon atoms, e.g., methyl, ethyl, iso-propyl, ter‘t-butyl, 
n-octyl, n-decyl, n-hexadecyl, cyclopropyl, cyclopentyl, 
cyclohexyl, tri?uoromethyl, penta?uoroethyl), alkenyl 
group (alkenyl group preferably having from 2 to 30 carbon 
atoms, more preferably from 2 to 20 carbon atoms, particu 
larly from 2 to 10 carbon atoms, e.g., vinyl, allyl, 2-butenyl, 
3-pentenyl), alkinyl group (alkinyl group preferably having 
from 2 to 30 carbon atoms, more preferably from 2 to 20 
carbon atoms, particularly from 2 to 10 carbon atoms, e.g., 
propargyl, 3-pentinyl), aryl group (aryl group preferably 
having from 6 to 30 carbon atoms, more preferably from 6 
to 20 carbon atoms, particularly from 6 to 12 carbon atoms, 
e.g., phenyl, p-methylphenyl, naphthyl, anthranyl), amino 
group (amino group preferably having from 0 to 30 carbon 
atoms, more preferably from 0 to 20 carbon atoms, particu 
larly from 0 to 10 carbon atoms, e.g., amino, methylamino, 
dimethylamino, diethylamino, dibenZylamino, dipheny 
lamino, ditollylamino), alkoxy group (alkoxy group prefer 
ably having from 1 to 30 carbon atoms, more preferably 
from 1 to 20 carbon atoms, particularly from 1 to 10 carbon 
atoms, e.g., methoxy, ethoxy, butoxy, 2-ethylhexyloxy), 
aryloxy group (aryloxy group preferably having from 6 to 30 
carbon atoms, more preferably from 6 to 20 carbon atoms, 
particularly from 6 to 12 carbon atoms, e.g., phenyloxy, 
l-naphthyloxy, 2-naphthyloxy), heteroaryloxy group (het 
eroaryloxy group preferably having from 1 to 30 carbon 
atoms, more preferably from 1 to 20 carbon atoms, particu 
larly from 1 to 12 carbon atoms, e.g., pyridyloxy, pyraZy 
loxy, pyrimidyloxy, quinolyloxy), acyl group (acyl group 
preferably having from 1 to 30 carbon atoms, more prefer 
ably from 1 to 20 carbon atoms, particularly from 1 to 12 
carbon atoms, e.g., acetyl, benZoyl, formyl, pivaloyl), 
alkoxycarbonyl group (alkoxycarbonyl group preferably 
having from 2 to 30 carbon atoms, more preferably from 2 
to 20 carbon atoms, particularly from 2 to 12 carbon atoms, 
e.g., methoxycarbonyl, ethoxycarbonyl), aryloxycarbonyl 
group (aryloxycarbonyl group preferably having from 7 to 
30 carbon atoms, more preferably from 7 to 20 carbon 
atoms, particularly from 7 to 12 carbon atoms, e.g., pheny 
loxycarbonyl), acyloxy group (acyloxy group preferably 
having from 2 to 30 carbon atoms, more preferably from 2 
to 20 carbon atoms, particularly from 2 to 10 carbon atoms, 
e.g., acetoxy, benZoyloxy), acylamino group (acylamino 
group preferably having from 2 to 30 carbon atoms, more 
preferably 2 to 20 carbon atoms, particularly from 2 to 10 
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carbon atoms, e.g., acetylamino, benZoylamino), alkoxycar 
bonylamino group (alkoxycarbonylamino group preferably 
having from 2 to 30 carbon atoms, more preferably 2 to 20 
carbon atoms, particularly from 2 to 12 carbon atoms, e.g., 
methoxycarbonylamino), aryloxycarbonylamino group 
(aryloxycarbonylamino group preferably having from 7 to 
30 carbon atoms, more preferably 7 to 20 carbon atoms, 
particularly from 7 to 12 carbon atoms, e.g., phenyloxycar 
bonylamino), sulfonylamino group (sulfonylamino group 
preferably having from 1 to 30 carbon atoms, more prefer 
ably l to 20 carbon atoms, particularly from 1 to 12 carbon 
atoms, e.g., methanesulfonylamino, benZenesulfonylamino), 
sulfamoyl group (sulfamoyl group preferably having from 2 
to 30 carbon atoms, more preferably 2 to 20 carbon atoms, 
particularly from 2 to 10 carbon atoms, e.g., sulfamoyl, 
methylsulfamoyl, dimethylsulfamoyl, phenylsulfamoyl), 
carbamoyl group (carbamoyl group preferably having from 
1 to 30 carbon atoms, more preferably 1 to 20 carbon atoms, 
particularly from 1 to 12 carbon atoms, e.g., carbamoyl, 
methylcarbamoyl, diethylcarbamoyl, phenylcarbamoyl), 
alkylthio group (alkylthio group preferably having from 1 to 
30 carbon atoms, more preferably 1 to 20 carbon atoms, 
particularly from 1 to 12 carbon atoms, e.g., methylthio, 
ethylthio), arylthio group (arylthio group preferably having 
from 6 to 30 carbon atoms, more preferably 6 to 20 carbon 
atoms, particularly from 6 to 12 carbon atoms, e.g., phe 
nylthio), heteroarylthio group (heteroarylthio group prefer 
ably having from 1 to 30 carbon atoms, more preferably 1 
to 20 carbon atoms, particularly from 1 to 12 carbon atoms, 
e.g., pyridylthio, 2-benZimiZolylthio, 2-benZoxaZoylthio, 
2-benZthiaZolylthio), sulfonyl group (sulfonyl group prefer 
ably having from 1 to 30 carbon atoms, more preferably 1 
to 20 carbon atoms, particularly from 1 to 12 carbon atoms, 
e.g., mesyl, tosyl), sul?nyl group (sul?nyl group preferably 
having from 1 to 30 carbon atoms, more preferably 1 to 20 
carbon atoms, particularly from 1 to 12 carbon atoms, e.g., 
methanesul?nyl, benZenesul?nyl), ureide group (ureide 
group preferably having from 1 to 30 carbon atoms, more 
preferably 1 to 20 carbon atoms, particularly from 1 to 12 
carbon atoms, e.g., ureide, methylureide, phenylureide), 
phosphoric acid amide group (phosphoric acid amide group 
preferably having from 1 to 30 carbon atoms, more prefer 
ably l to 20 carbon atoms, particularly from 1 to 12 carbon 
atoms, e.g., diethylphosphoric acid amide, phenylphospho 
ric acid amide), hydroxy group, mercapto group, halogen 
atom (e.g., ?uorine atom, chlorine atom, bromine atom, 
iodine atom), cyano group, sulfo group, carboxyl group, 
nitro group, hydroxamic acid group, sul?no group, 
hydraZino group, imino group, heterocyclic group (hetero 
cyclic group preferably having from 1 to 30 carbon atoms, 
more preferably from 1 to 12 carbon atoms, and containing 
as hetero atoms nitrogen atom, oxygen atom and sulfur 
atom, e.g., imidaZolyl, pyridyl, quinolyl, furyl, chenyl, pip 
eridyl, morpholino, benZoxaZolyl, benZimidaZolyl, benZ 
thiaZolyl), and silyl group (silyl group preferably having 
from 3 to 40 carbon atoms, more preferably 3 to 30 carbon 
atoms, particularly from 3 to 24 carbon atoms, e.g., trim 
ethylsilyl, triphenylsilyl). These substituents may be further 
substituted. Rl’s or R2’s may be connected to each other, or 
R1 and R2 may be connected to each other to form a 
condensed ring structure. 

[0033] R1 and R2 each are preferably an alkyl group, aryl 
group, alkoxy group, amino group, cyano group or a group 
Which forms a condensed ring structure when R1 and R2 are 
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connected to each other. Preferred among these groups are 
alkyl group and group Which forms a condensed ring struc 
ture when R1 and R2 are connected to each other. The 
su?ixes q1 and q2 each are preferably 0, 1 or 2. More 
preferably, the sum of q1 and q2 is 1 or 2. 

[0034] In the formula (4), Z11 and Z12 each represent a 
nonmetallic atom group required to form a 5- or 6-mem 
bered ring Which may have a substituent or may further form 
a condensed ring With the other ring. Examples of the 
substituents include halogen atom, aliphatic group, aryl 
group, heterocyclic group, cyano, nitro, 4OR1Ol, iSRlO2, 
iCO2RlO3, 4OCOR104’ iNRlO5RlO6, iCONRlO7RlO8’ 
iSO2RlO9’ iSOZNRIIORIII’ iNRIIZCONRIIa R114’ 
iNRllsCOzRlm, %ORU7, iNRllsCORng, and 
iNRmSO R121 inwhich R101 R102 R103 R104 R105 R106 
R107’ R10s’2R109’ R110’ R111’ [(112, ’R113”R114”R115” R116: 
R117, R118, R119, R120, and R121 each are independently a 
hydrogen atom, aliphatic group or aryl group. 

[0035] Preferred among the foregoing substituents are 
halogen atom, aliphatic group, aryl group, ‘DRUM, 
iSR102’ iNRlO5RlO6, iSO2R109’ 
iNRII2CONRII3RII4’ iNRll5CO2Rll6 and 
iNR12OSO2Rl2l. Even more desirable among these sub 
stituents are halogen atom, aliphatic group, aryl group, 
iORlOl, iSRIOZ, iNRlO5RlO6, and iSO2RlO9. Still 
even more desirable among these substituents are halogen 
atom, alkyl group, aryl group, alkoxy group, phenoxy group, 
and dialkylamino group. Still even more desirable among 
these substituents are halogen atom, Cl_1O alkyl group, C6_1O 
aryl group, and Cl_1O alkoxy group. Most desirable among 
these substituents are halogen atom, and Cl_4 alkyl group. 

[0036] The term “aliphatic group” as used herein is meant 
to indicate an alkyl, alkenyl, alkinyl or aralkyl group. 

[0037] A preferred example of the 5- or 6-membered ring 
formed by Z11 and Z12 is an aromatic ring or heterocyclic 
aromatic group. Examples of such an aromatic ring or 
heterocyclic aromatic group include furan ring, thiophene 
ring, imidaZole ring, thiaZole ring, oxaZole ring, pyrrole 
ring, pyraZole ring, 1,2,3-triaZole ring, 1,2,4-triaZole ring, 
selenaZole ring, oxadiaZole ring, thiadiaZole ring, benZene 
ring, pyridine ring, pyrimidine ring, pyraZine ring, and 
pyridaZine ring. Z1 1 is preferably a thiophene ring, imidaZole 
ring, thiaZole ring, oxaZole ring, pyrrole ring, pyraZole ring, 
benZene ring or pyridine ring, more preferably a thiaZole 
ring, pyrrole ring, benZene ring or pyridine ring, most 
preferably benZene ring, among the foregoing rings. Z12 is 
preferably an imidaZole ring, thiaZole ring, oxaZole ring, 
pyrrole ring, pyraZole ring, 1,2,3-triaZole ring, 1,2,4-triaZole 
ring, pyridine ring or pyrimidine ring, more preferably an 
imidaZole ring, thiaZole ring, pyrrole ring, pyraZole ring, 
pyridine ring or pyrimidine ring, even more preferably 
pyraZole ring or pyridine ring, among the foregoing rings. 
The number of carbon atoms in Z11 and Z12 are each 
preferably from 3 to 40, more preferably from 3 to 30, 
particularly from 3 to 20. 

[0038] Lnl represents a divalent group. Examples of the 
divalent group represented by Lnl include 
iC(R13l)(R132)i’ iN(R133)i’ ‘of’ iP(R134)i’ and 
iSi. R131 and R132 each independently represent a hydro 
gen atom, halogen atom, aliphatic group, aryl group, het 
erocyclic group, cyano group, 4ORl4l, iSRl42, 
iCO2R143’ 4OCOR144’ iNRl45Rl46, iCONR147R14s’ 
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R149 NRISORISI iNRl52CONRl53Rl54 2 s 2 s s 

iNRl55CO2Rl56’ CORl57’ iNRl58CORl59 or 
160 

iNR SO2RI6I in which R141’ R142’ R143’ R144’ R145’ R146’ 
R147R14s’ R149’ R150’ R151’ R152’ R153’ R154’ R155’ R156’ 
R157, R158, R159, R160, and R161 each independently repre 
sent a hydrogen atom, aliphatic group or aryl group. R133 
represents an aliphatic group, aryl group or heterocyclic 
group. R134 represents an aliphatic group, aryl group, het 
erocyclic group or ‘GRIN in Which R171 represents a 
hydrogen atom, aliphatic group or aryl group. 

[0039] Lnl is preferably iC(Rl3l)(Rl32)i, 40* or 
iSi, more preferably 4C(Rl31)(R132)i in Which R131 
and R132 each are a hydrogen atom, aliphatic group or aryl 
group, even more preferably 4C(Rl31)(R132)i in Which 
R and R132 each are a hydrogen atom or Cl_4 alkyl group. 
The number of carbon atoms in Lnl is preferably from 0 to 
20, more preferably from 0 to 15, particularly from 0 to 10. 

[0040] Y1 represents a nitrogen atom or carbon atom. 
When Y1 is a nitrogen atom, bl represents a single bond. 
When Y1 is a carbon atom, bl represents a double bond. 

[0041] In the formula (7), Z21 and Z22 each represent a 
nonmetallic atom group required to form a 5- or 6-mem 
bered ring Which may have a substituent or may further form 
a condensed ring With the other ring. Examples of the 
substituents include halogen atom, aliphatic group, aryl 
group, heterocyclic group, cyano, nitro, 4OR2OI, iSR2O2, 
4CO2R203’ 4OCOR204’ iNR2O5R2O6, 4CONR207R20s’ 
iSO2R2O9’ iSO2NR2lOR2ll’ iNR2l2CONR2l3R2l4’ 
iNR2l5CO2R2l6, %OR2U, iNR2l8COR2l9, and 
iNR22°SO2R221 in which R201’ R202’ R203’ R204’ R205’ R206’ 
R207’ R208’ R209’ R210’ R211, R212’ R213’ R214’ R215’ R216’ 
R217, R218, R219, R220, and R221 each are independently a 
hydrogen atom, aliphatic group or aryl group. 

[0042] Preferred examples of the substituents on Z21 and 
Z22 are the same as that of Z11 and Z12. 

[0043] Examples of the 5- or 6-membered ring formed by 
Z21 include furan ring, thiophene ring, imidaZole ring, thia 
Zole ring, oxaZole ring, pyrrole ring, pyraZole ring, 1,2,3 
triaZole ring, 1,2,4-triaZole ring, selenaZole ring, oxanedia 
Zole ring, thiadiaZole ring, benZene ring, pyridine ring, 
pyrimidine ring, pyraZine ring, and pyridaZine ring. Pre 
ferred among these rings are thiophene ring, imidaZole ring, 
thiaZole ring, oxaZole ring, pyrrole ring, pyraZole ring, 
benZene ring, and pyridine ring. Even more desirable among 
these rings are thiaZole ring, pyrrole ring, benZene ring, and 
pyridine ring. Most desirable among these rings is benZene 
ring. Examples of Z22 include pyraZole ring, 1,2,3-triaZole 
ring, 1,2,4-triaZole ring, and pyridaZine ring. Most desirable 
among these rings is pyraZole ring. The number of carbon 
atoms in Z11 and Z12 are each preferably from 3 to 40, more 
preferably from 3 to 30, particularly from 3 to 20. 

[0044] Y2 represents a nitrogen atom or carbon atom. 
When Y2 is a nitrogen atom, b2 represents a single bond. 
When Y2 is a carbon atom, b2 represents a double bond. 

[0045] In the formula (8), X201, X202, X203 and X204 each 
represent a nitrogen atom or CiR and forms a nitrogen 
containing heteroaryl 6-membered ring With 4C=Ni, 

the proviso that at least one of X201, X202, X203 and 
X represents a nitrogen atom. The nitrogen-containing 
heteroaryl 6-membered ring formed by X201, X202, X203 or 
X204 With 4C=Ni may form a condensed ring. R repre 
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sents a hydrogen atom or substituent. The substituents are as 

de?ned With reference to R1 and R2. Preferred examples of 
the substituents include pyraZine, pyrimidine, pyridaZine, 
triaZine, quinoxaline, quinaZoline, phthalaZine, cinnoline, 
purine, and pteridine. Even more desirable among these 
substituents are pyraZine, pyrimidine, pyridaZine, quinoxa 
line, quinaZoline, phthalaZine, and cinnoline. Z201 represents 
an atomic group for forming an aryl or heteroaryl ring. The 
aryl ring formed by Z201 is an aryl ring preferably having 
from 6 to 30 carbon atoms, more preferably from 6 to 20 
carbon atoms, particularly from 6 to 12 carbon atoms, e.g., 
phenyl group, naphthyl group, anthryl group, phenanthryl 
group, pyrenyl group. The aryl group may further form a 
condensed ring With carbon rings or heterocycles. The 
heteroaryl ring represented by Z201 is preferably a heteroaryl 
ring formed by carbon, nitrogen, oxygen and sulfur atoms, 
more preferably a 5- or 6-membered heteroaryl ring. The 
heteroaryl ring may further form a condensed ring. The 
heteroaryl ring preferably has from 2 to 30 carbon atoms, 
more preferably from 2 to 20 carbon atoms, particularly 
from 2 to 10 carbon atoms. Examples of the heteroaryl ring 
represented by Z201 include pyridine, pyrimidine, pyraZine, 
pyridaZine, quinoline, isoquinoline, quinoxaline, phthala 
Zine, quinaZoline, naphtholidine, cinnoline, perimidine, 
phenanthroline, pyrrole, imidaZole, pyraZole, oxaZole, oxa 
diaZole, triaZole, thiadiaZole, benZimidaZole, benZoxaZole, 
phenanthridine, chenyl, and furyl. The ring formed by Z201 
is preferably an aryl ring. 

[0046] In the formula (9), Z201 is as de?ned in the formula 
8 Z301 re resents an atomic ou for formin an 1 or ( P gr P g ary 

heteroaryl ring condensed to pyridine ring. The aryl ring or 
heteroaryl ring formed by Z301 has the same meaning as that 
formed by Z201 in the formula (8). The ring formed by Z301 
is preferably an aryl ring. 

[0047] In the formula (10), Z201 is as de?ned in the 
formula (8). Z401 represents an atomic group Which forms an 
aryl or heteroaryl ring condensed to pyridine ring. The aryl 
or heteroaryl ring formed by Z401 has the same meaning as 
that formed by Z201 in the formula (8). The ring formed by 
Z401 is preferably an aryl ring. 

[0048] An even more desirable embodiment of the com 
pound of the invention is a compound represented by any 
one of the folloWing formulae (11) to (20). Particularly 
preferred among the compounds represented by the formu 
lae (11) to (20) are those represented by the formulae (ll), 
(12) and (14) to (20). 

Formula (1 l) 
(Rll)qll 
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-continued 
Formula (12) 

(R2l)q2l 

Formula (13) 

Formula (14) 

'II_('Ll0l)n101 

/J ml04 
(R302)q302 

Formula (15) 
(CO)m102Ir (Ll02)nl02 

Formula (1 6) 
(NC)m1031I(Ll03)n103 

Formula (17) 
(R303)q303 

Formula (1 8) 
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-continued 
Formula (19) 

Formula (20) 

[0049] The formula (11) Will be further described herein 
after. R11 and R12 each represent a substituent. Examples of 
the substituent represented by R11 or R12 include those 
described With reference to R1 above. 

[0050] R11 and R12 each are preferably an alkyl or aryl 
group, more preferably an alkyl group. 

[0051] The suf?x qll represents an integer of from 0 to 2, 
preferably 0 or 1, more preferably 0. The suf?x ql2 repre 
sents an integer of from 0 to 4, preferably 0 or 1, more 
preferably 0. When q11 and q12 each are 2 or more, the 
plurality of Rll’s and Rlz’s may be the same or different or 
may be connected to each other to form a condensed-ring. 

[0052] L1 represents a ligand. Examples of such a ligand 
include ligands required to form the foregoing orthometa 
lated iridium complexes and ligands described With refer 
ence to other ligands. L1 is preferably a ligand required to 
form an orthometalated iridium complex, nitrogen-contain 
ing heterocyclic ligand, diketone ligand or halogen ligand, 
more preferably ligand required to form an orthometalated 
iridium complex or bipyridyl ligand. 

[0053] The su?ix n1 represents an integer of from 0 to 5, 
preferably 0. The su?ix ml represents an integer of from 1 
to 3, preferably 3. The combination of n1 and m1 is prefer 
ably such that the metal complex represented by the formula 
(4) is a neutral complex. 

[0054] The formula (12) Will be further described herein 
after. R21, n2, m2, and L2 have the same meaning as R11, n1, 
ml, and L1, respectively. The suf?x q21 represents an integer 
of from 0 to 8, preferably 0. When q21 is 2 or more, the 
plurality of Rzl’s may be the same or different or may be 
connected to each other to form a condensed ring. 

[0055] The formula (13) Will be further described herein 
after. R31, R32, q3l, q32, n3, m3, and L3 have the same 
meaning as R1, R2, ql, q2, n1, ml, and L1, respectively. 

[0056] The formula (14) Will be further described herein 
after. R301 and R302 each represent a substituent. The sub 
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stituents represented by R301 and R302 have the same mean 
ing as those described With reference to Z11 and Z12. The 
suf?xes q301 and q302 each represent an integer of from 0 to 
4. When q301 and q302 each represent an integer of from 2 to 
4, the plurality of R301 ’s and R3O2’s may be the same or 
different. The suf?xes q301 and q302 each are preferably 0, 1 
or 2, more preferably 0 or 1. The suf?xes m101 and n101 and 
L101 have the same meaning as the suf?xes ml and n1 and L1, 
respectively. 

[0057] The formula (15) Will be further described herein 
after. L102 has the same meaning as L1. The suf?x n102 
represents an integer of from 0 to 5, preferably from 1 to 5. 
The suf?x m102 represents an integer of from 1 to 6, 
preferably from 1 or 2. The combination of n102 and m102 is 
preferably such that the metal complex represented by the 
formula (15) is a neutral complex. 

[0058] The formula (16) Will be further described herein 
after. L103, nlo3, and m103 have the same meaning as L1, 
nloz, and mloz, respectively. 

[0059] The formula (17) Will be further described herein 
after. R303 represents a substituent. The substituent repre 
sented by R303 has the same meaning as that described With 
reference to Z21 Z23, q3o3, L104, nlo4, and m104 have the 
same meaning as Z22, q3ol, Ll, nlol, and mlol, respectively. 

[0060] The formula (18) Will be further described herein 
afgjer. In the formula (18), the ring formed by X201, X202, 
X and X204 With iC=N and its preferred examples are as 
de?ned in the formula (8). Z201 represents an atomic group 
required to form an aryl or heteroaryl ring as de?ned in the 
formula (8). Preferred examples of Z201, too, are as de?ned 
in the formula (8). The suf?xes n201 and m201 and L201 have 
the same meaning as the su?ixes n1 and m1 and L1, respec 
tively. 

[0061] In the formula (19), Z201 and Z301 and their pre 
ferred examples are as de?ned in the formula (9). The 
suf?xes n202 and m202 and L202 have the same meaning as 
the suf?xes n1 and m1 and L1, respectively. 

[0062] In the formula (20), Z201 and Z401 and their pre 
ferred examples are as de?ned in the formula (10). The 
suf?xes n203 and m203 and L203 have the same meaning as 
the suf?xes n1 and m1 and L1, respectively. 

[0063] The compound of the invention may be a so-called 
loW molecular compound having one repeating unit such as 
one represented by the formula (1) or may be a so-called 
oligomer or polymer compound having a plurality of repeat 
ing units such as one represented by the formula (1) (having 
a Weight-average molecular Weight (in polystyrene equiva 
lence) of preferably from 1,000 to 5,000,000, more prefer 
ably from 2,000 to 1,000,000, even more preferably from 
3,000 to 100,000). The compound of the invention is pref 
erably a low molecular compound. 

[0064] Examples of the compound to be used in the 
invention Will be given beloW, but the present invention 
should not be construed as being limited thereto. 
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(1-13) 

(1-14) 
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CH3 

CH3 

(1-18) 

(Cl) 

(1-19) 
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(1-21) 

(1-22) 

(1-23) 
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(Cl) 
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(1-29) 
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(1-35) 
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(1-36) 
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(1-40) 
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-continued 
(1-67) 

(1-69) 

(1-70) 

[0065] The synthesis of the compound of the invention can 
be accomplished by any known method as disclosed in 
“Inorg. Chem.”, No. 30, page 1,685, 1991, No. 27, page 
3,464, 1988, No. 33, page 545, 1994, “Inorg. Chem. Acta.”, 
No. 181, page 245, 1991, “J. Organomet. Chem.”, No. 35, 
page 293, 1987, “J. Am. Chem. Soc.”, No. 107, page 1,431, 
1985, etc. 

[0066] Some examples of synthesis of the compound of 
the invention Will be described beloW. 

[0067] As mentioned beloW, hexahalogenated iridium (III) 
compound and hexahalogenated iridium (IV) compound can 
be used as starting materials to synthesiZe the compound of 
the invention. 

16 
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M3lrX6 /X\ M 
or i, <L>21r~ ML); CH3 CH3 

M2IrX6 \ / 

SYNTHESIS EXAMPLE 1 

[0068] Synthesis of Exemplary Compound (1-25) 
[0069] Into a three neck distillation ?ask Were charged 
5.22 g of K3IrCl6, 16.9 g of 2-benZylpyridine and 50 ml of 
glycerol. The contents of the ?ask Were then heated to an 
internal temperature of 200° C. With stirring in an argon 
atmosphere for 1 hour. Thereafter, the contents of the ?ask 
Were cooled to an internal temperature of 40° C. To the 
material Was then added 150 ml of methanol. The material 
Was further stirred for 1 hour, and then subjected to ?ltration 
With suction to obtain a crystal Which Was then puri?ed 
through silica gel column chromatography to obtain 4.34 g 
of the desired exemplary compound (1-25) (yield: 77%). 

SYNTHESIS EXAMPLE 2 

[0070] Synthesis of Exemplary Compound (1-24) 
[0071] Into a three neck distillation ?ask Were charged 
5.64 g of the exemplary compound (1-25), 560 ml of 
chloroform and 10.0 g of acetylacetone. To the contents Was 
then added dropWise 20.1 ml of a 28% methanol solution of 
sodium methylate at room temperature With stirring in 20 
minutes. After the termination of dropWise addition, the 
mixture Was then stirred at room temperature for 5 hours. 
The mixture Was then extracted With 40 ml of saturated brine 
and 400 ml of Water. The resulting chloroform phase Washed 
With a mixture of 300 ml of saturated brine and 30 ml of 
Water four times, dried over anhydrous sodium sulfate, and 
then concentrated through a rotary evaporator. The resulting 
residue Was then puri?ed through silica gel column chro 
matography to obtain 5.59 g of the desired exemplary 
compound (1-24) (yield: 89%). 

SYNTHESIS EXAMPLE 3 

[0072] Synthesis of Exemplary Compound (1-26) 
[0073] Into a three neck distillation ?ask Were charged 
6.28 g of the exemplary compound (1-24), 15.5 g of 2-phe 
nylpyridine and 63 ml of glycerol. The contents of the ?ask 
Were then heated to an internal temperature of 170° C. With 
stirring in an argon atmosphere for 15 minutes. Thereafter, 
the contents of the ?ask Were cooled to an internal tempera 
ture of 40° C. The mixture Was then extracted With 500 ml 
of chloroform, 40 ml of saturated brine and 400 ml of Water. 
The resulting chloroform phase Washed With a mixture of 40 
ml of saturated brine and 400 ml of Water four times, and 
then dried over anhydrous sodium sulfate. The material Was 
then concentrated through a rotary evaporator. The resulting 
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residue Was then puri?ed through silica gel column chro 
matography to obtain 5.60 g of the desired exemplary 
compound (1-26) (yield: 82%). 

SYNTHESIS EXAMPLE 4 

[0074] Synthesis of Exemplary Compound (1-29) 

[0075] Into a three neck distillation ?ask Were charged 
5.64 g of the exemplary compound (1-25) and 560 ml of 
chloroform. Into the contents of the ?ask Was bloWn carbon 
monoxide With stirring over an ice bath for 10 minutes. The 
mixture Was further stirred for 1 hour. The mixture Was then 
extracted With 40 ml of saturated brine and 400 ml of Water. 
The resulting chloroform phase Washed With a mixture of 
300 ml of saturated brine and 30 ml of Water four times, 
dried over anhydrous sodium sulfate, and then concentrated 
through a rotary evaporator. The resulting residue Was then 
puri?ed through silica gel column chromatography to obtain 
4.38 g of the desired exemplary compound (1-29) (yield: 
74%). 

SYNTHESIS EXAMPLE 5 

[0076] Synthesis of Exemplary Compounds (1-65) and 
(1-66) 

C1 

I \ I|\I o o 

/ N M K3IIC15 CH3 CH3 
Glycerin-H2O SM-28, 

1800 C. chloroform 
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[0077] To a solution of 1.35 g of K3IrCl6 in 25 ml ofWater 
Were then added 1.01 g of 3-chloro-6-phenylpyridaZine and 
100 ml f glycerin. The mixture Was heated to a temperature 
of 1800 C. With stirring for 4 hours. After the termination of 
reaction, the reaction solution Was then alloWed to cool. To 
the reaction solution Was then added Water. The resulting 
dark broWn solid Was WithdraWn by ?ltration, and then 
dried. To a solution of the resulting solid in 1 l of chloroform 
Were then added 2.5 g of acetylacetone and 4.8 g of a 28% 
methanol solution of sodium methoxide. The reaction mix 
ture Was heated under re?ux so that it Was reacted for 2 
hours. After the termination of reaction, the reaction solution 
Was then poured into 500 ml of Water. The reaction solution 
Was then extracted With chloroform. The extract Was dried 
over anhydrous magnesium sulfate, and then concentrated. 
The resulting solid Was then developed through silica gel 
column chromatography. An orange-colored fraction Which 
had been ?rst eluted Was concentrated, recrystalliZed from a 
mixture of chloroform and ethanol, and then dried to obtain 
66 mg of the desired exemplary compound 1-65. The 
compound thus obtained Was then measured for solution 
?uorescent spectrum. As a result, the ?uorescence Was found 
to have kmax of 578 nm (CHCl3). A reddish orange-colored 
fraction Which had been subsequently eluted Was concen 
trated, recrystallized from a mixture of chloroform and 
ethanol, and then dried to obtain 294 mg of the desired 
exemplary compound I-66. The compound thus obtained 
Was then measured for solution ?uorescent spectrum. As a 
result, the ?uorescence Was found to have kmax of 625 nm 

(CHCl3). 
[0078] The second embodiment of the present invention 
Will be further described hereinafter. 

[0079] The light-emitting device is an organic light-emit 
ting device having an external quantum e?iciency of 5% or 
more and kmax of 590 nm or more. The organic light 
emitting device to be used herein is not speci?cally limited. 
In practice, hoWever, an organic EL (electroluminescence) 
device. 

[0080] The external quantum e?iciency of the light-emit 
ting device of the invention is preferably 7% or more, more 
preferably 9% or more, even more preferably 11% or more, 
particularly 13% or more. 

[0081] The light-emitting device of the invention emits 
light having kmax of preferably 593 nm or more, more 
preferably 596 nm or more, even more preferably 599 nm or 
more from the standpoint of purity of red color. 

[0082] The light-emitting device of the invention is pref 
erably an device comprising a transition metal complex 
(preferably orthometalated complex), more preferably an 
iridium complex or platinum complex, even more preferably 
an orthometalated iridium complex, particularly a com 
pound having a partial structure represented by the folloW 
ing formula (21) or (22). 

[0083] “Orthometalated metal complex” is a generic term 
for a group of compounds as described in Akio Yamamoto, 
“Yuki KinZoku Kagaku-Kiso to Oyoi(Organic Metal 
ChemistryiFundamentals and Application)”, Shokabosha, 
pp. 150, 232, 1982, H. Yersin, “Photochemistry and Photo 
physics of Coordination Compounds”, Springer-Verlag, pp. 
1-77, pp. 135-146, 1987, etc. 
[0084] The light-emitting device of the invention prefer 
ably comprises a layer comprising a compound having an 
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ionization potential of 5.9 eV or more (more preferably 6.0 
eV or more), more preferably an electron-transporting layer 
having an ioniZation potential of 5.9 eV or more, provided 
interposed betWeen the cathode and the light-emitting layer. 

[0085] The CIE chromaticity value x of light emitted from 
the light-emitting device of the invention is preferably 0.50 
or more, more preferably 0.53 or more, even more prefer 
ably 0.57 or more, particularly 0.60 or more from the 
standpoint of purity of red color. 
[0086] The CIE chromaticity value y of light emitted from 
the light-emitting device of the invention is preferably 0.50 
or more, more preferably 0.45 or more, even more prefer 
ably 039 or more. 

[0087] The half Width of spectrum of emission from the 
light-emitting device of the invention is preferably 100 nm 
or less, more preferably 90 nm or less, even more preferably 
80 nm or less, particularly 70 nm or less from the standpoint 
of purity of red color. 

[0088] The compound having a partial structure repre 
sented by the formula (21) or (22) Will be further described 
hereinafter. 

Formula (1) 

Formula (2) 

[0089] In the formula (22), Z1 represents an atomic group 
Which forms a heteroaryl ring. The heteroaryl ring repre 
sented by Z1 is preferably a heteroaryl ring comprising 
carbon, nitrogen, oxygen and sulfur atoms, more preferably 
a 5- or 6-membered heteroaryl ring. The heteroaryl ring 
represented by Z1 may further form a condensed ring. The 
heteroaryl ring represented by Z1 preferably has from 2 to 30 
carbon atoms, more preferably from 2 to 20 carbon atoms, 
particularly from 2 to 10 carbon atoms. Examples of the 
heteroaryl ring represented by Z1 include pyridine, pyrimi 
dine, pyraZine, pyridaZine, quinoline, isoquinoline, quinoxa 
line, phthalaZine, quinaZoline, naphtholidine, cinnoline, 
perimidine, phenanthroline, pyrrole, imidaZole, pyraZole, 
oxaZole, oxadiaZole, triaZole, thiaZole, thiadiaZole, benZimi 
daZole, benZoxaZole, benZthiaZole, phenanthridine, 
thiophene, and furan. 
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[0090] The light-emitting device material de?ned in Item 
16 or 17 has a partial structure represented by the formula 
(21) or (22). The quinoline ring, phenyl ring and heteroaryl 
ring represented by the ligand may form a condensed ring 
and may have a substituent. Examples of these substituents 
include those described With reference to R11 and R12 in the 
formula (23). 

[0091] The valency of iridium constituting the compound 
having a partial structure represented by the formula (21) or 
(22) is not speci?cally limited but is preferably 3. The 
foregoing compound may have one iridium atom per mol 
ecule or may me a so-called binuclear complex having tWo 
or more iridium atoms per molecule. The foregoing com 
pound is preferably one having one iridium atom per mol 
ecule. This compound may further contain other metal atoms 
but preferably is a compound having an iridium complex 
alone. 

[0092] The compound having a partial structure repre 
sented by the formula (21) or (22) may have various ligands. 
Examples of the other ligands include various knoWn 
ligands. Examples of these ligands include those described 
in H. Yersin, “Photochemistry and Photophysics of Coordi 
nation Compounds”, Springer-Verlag, 1987, Akio Yama 
moto, “Yuki KinZoku Kagaku-Kiso to Oyoi(Organic Metal 
ChemistryiFundamentals and Application)”, Shokabosha, 
1982, etc. Preferred among these ligands are halogen ligands 
(preferably chlorine ligand), nitrogen-containing heterocy 
clic ligands (more preferably aryl group-substituted nitro 
gen-containing derivative (The aryl group substitutes on the 
carbon atom adjacent to the nitrogen atom constituting the 
nitrogen-containing heterocyclic group. Examples of the 
aryl group include phenyl group, naphthyl group, anthryl 
group, phenanthryl group, and pyrenyl group. The aryl 
group may further form a condensed ring With carbon rings 
or heterocyles. Examples of the nitrogen-containing hetero 
cycle include pyridine, pyrimidine, pryaZine, quinoline, iso 
quinoline, quinoxaline, phthalaZine, quinaZoline, naphtholi 
dine, cinnoline, perymidine, phenanthroline, pyrrole, 
imidaZole, pyraZole, oxaZole, oxadiaZole, triaZole, thiadia 
Zole, benZimidaZole, benZoxaZole, benZthiaZole, and 
phenanthridine), heteroaryl group-substituted nitrogen-con 
taining heterocyclic derivative (The heteroaryl group sub 
stitutes on the carbon atom adjacent to the nitrogen atom 
constituting the nitrogen-containing heterocyclic group. 
Examples of the aryl group include the foregoing nitrogen 
containing heterocyclic derivative, chenyl group, and furyl 
group), e.g., as phenylpyridine, benZoquinoline, quinolinol, 
bipyridyl, phenanthroline), diketone ligand, carboxylic acid 
ligand, and PF6 ligand. Preferred among these ligands are 
aryl group-substituted nitrogen-containing heterocyclic 
derivative, and diketone ligand. 

[0093] There may be used one or a plurality of kinds of 
ligands constituting the compound of the invention. The 
number of ligands in the complex is preferably from 1 to 3, 
particularly from 1 or 2, more preferably 2. 

[0094] The compound of the invention may be a neutral 
complex or ionic complex having a counter salt (e.g., 
chlorine ion, PF6 ion, Cl4 ion, quaternary salt (e.g., tetrabutyl 
ammonium)), preferably neutral complex. 

[0095] The number of carbon atoms in the compound of 
the invention is preferably from 15 to 100, more preferably 
from 20 to 70, even more preferably from 30 to 60. 
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[0096] Preferred embodiments of the compound of the 
invention are compounds represented by the following for 
mulae (23) and (24). 
[0097] The formula (23) Will be described hereinafter. 

(23) 
(Rum 

[0098] R11 and R12 each represent a substituent. Rll’s or 
Rlz’s may be connected to oWn or each other to form a 
cyclic structure. Examples of the substituents represented by 
R11 and R12 include alkyl group (alkyl group preferably 
having from 1 to 30, more preferably from 1 to 20, particu 
larly from 1 to 10 carbon atoms, e.g., methyl, ethyl, iso 
propyl, tert-butyl, n-octyl, n-decyl, n-hexadecyl, cyclopro 
pyl, cyclopentyl, cyclohexyl, tri?uoromethyl, 
penta?uoroethyl), alkenyl group (alkenyl group preferably 
having from 2 to 30 carbon atoms, more preferably from 2 
to 20 carbon atoms, particularly from 2 to 10 carbon atoms, 
e.g., vinyl, allyl, 2-butenyl, 3-pentenyl), alkinyl group (alki 
nyl group preferably having from 2 to 30 carbon atoms, 
more preferably from 2 to 20 carbon atoms, particularly 
from 2 to 10 carbon atoms, e.g., propargyl, 3-pentinyl), aryl 
group (aryl group preferably having from 6 to 30 carbon 
atoms, more preferably from 6 to 20 carbon atoms, particu 
larly from 6 to 12 carbon atoms, e.g., phenyl, p-methylphe 
nyl, naphthyl, anthranyl), amino group (amino group pref 
erably having from 0 to 30 carbon atoms, more preferably 
from 0 to 20 carbon atoms, particularly from 0 to 10 carbon 
atoms, e.g., amino, methylamino, dimethylamino, diethy 
lamino, dibenZylamino, diphenylamino, ditollylamino), 
alkoxy group (alkoxy group preferably having from 1 to 30 
carbon atoms, more preferably from 1 to 20 carbon atoms, 
particularly from 1 to 10 carbon atoms, e.g., methoxy, 
ethoxy, butoXy, 2-ethylhexyloxy), aryloxy group (aryloxy 
group preferably having from 6 to 30 carbon atoms, more 
preferably from 6 to 20 carbon atoms, particularly from 6 to 
12 carbon atoms, e.g., phenyloxy, l-naphthyloxy, 2-naph 
thyloxy), heteroaryloxy group (heteroaryloxy group prefer 
ably having from 1 to 30 carbon atoms, more preferably 
from 1 to 20 carbon atoms, particularly from 1 to 12 carbon 
atoms, e.g., pyridyloxy, pyraZyloXy, pyrimidyloxy, quinoly 
loxy), acyl group (acyl group preferably having from 1 to 30 
carbon atoms, more preferably from 1 to 20 carbon atoms, 
particularly from 1 to 12 carbon atoms, e.g., acetyl, benZoyl, 
formyl, pivaloyl), alkoxycarbonyl group (alkoxycarbonyl 
group preferably having from 2 to 30 carbon atoms, more 
preferably from 2 to 20 carbon atoms, particularly from 2 to 
12 carbon atoms, e.g., methoxycarbonyl, ethoxycarbonyl), 
aryloxycarbonyl group (aryloxycarbonyl group preferably 
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having from 7 to 30 carbon atoms, more preferably from 7 
to 20 carbon atoms, particularly from 7 to 12 carbon atoms, 
e.g., phenyloxycarbonyl), acyloxy group (acyloxy group 
preferably having from 2 to 30 carbon atoms, more prefer 
ably from 2 to 20 carbon atoms, particularly from 2 to 10 
carbon atoms, e.g., acetoxy, benZoyloXy), acylamino group 
(acylamino group preferably having from 2 to 30 carbon 
atoms, more preferably 2 to 20 carbon atoms, particularly 
from 2 to 10 carbon atoms, e.g., acetylamino, benZoy 
lamino), alkoxycarbonylamino group (alkoxycarbony 
lamino group preferably having from 2 to 30 carbon atoms, 
more preferably 2 to 20 carbon atoms, particularly from 2 to 
12 carbon atoms, e.g., methoxycarbonylamino), aryloxycar 
bonylamino group (aryloxycarbonylamino group preferably 
having from 7 to 30 carbon atoms, more preferably 7 to 20 
carbon atoms, particularly from 7 to 12 carbon atoms, e.g., 
phenyloxycarbonylamino), sulfonylamino group (sulfony 
lamino group preferably having from 1 to 30 carbon atoms, 
more preferably 1 to 20 carbon atoms, particularly from 1 to 
12 carbon atoms, e.g., methanesulfonylamino, benZene 
sulfonylamino), sulfamoyl group (sulfamoyl group prefer 
ably having from 2 to 30 carbon atoms, more preferably 2 
to 20 carbon atoms, particularly from 2 to 10 carbon atoms, 
e.g., sulfamoyl, methylsulfamoyl, dimethylsulfamoyl, phe 
nylsulfamoyl), carbamoyl group (carbamoyl group prefer 
ably having from 1 to 30 carbon atoms, more preferably 1 
to 20 carbon atoms, particularly from 1 to 12 carbon atoms, 
e.g., carbamoyl, methylcarbamoyl, diethylcarbamoyl, phe 
nylcarbamoyl), alkylthio group (alkylthio group preferably 
having from 1 to 30 carbon atoms, more preferably 1 to 20 
carbon atoms, particularly from 1 to 12 carbon atoms, e.g., 
methylthio, ethylthio), arylthio group (arylthio group pref 
erably having from 6 to 30 carbon atoms, more preferably 6 
to 20 carbon atoms, particularly from 6 to 12 carbon atoms, 
e.g., phenylthio), heteroarylthio group (heteroarylthio group 
preferably having from 1 to 30 carbon atoms, more prefer 
ably l to 20 carbon atoms, particularly from 1 to 12 carbon 
atoms, e.g., pyridylthio, 2-benZimiZolylthio, 2-benZoX 
aZoylthio, 2-benZthiaZolylthio), sulfonyl group (sulfonyl 
group preferably having from 1 to 30 carbon atoms, more 
preferably 1 to 20 carbon atoms, particularly from 1 to 12 
carbon atoms, e.g., mesyl, tosyl), sul?nyl group (sul?nyl 
group preferably having from 1 to 30 carbon atoms, more 
preferably 1 to 20 carbon atoms, particularly from 1 to 12 
carbon atoms, e.g., methanesul?nyl, benZenesul?nyl), ure 
ide group (ureide group preferably having from 1 to 30 
carbon atoms, more preferably 1 to 20 carbon atoms, par 
ticularly from 1 to 12 carbon atoms, e.g., ureide, methylure 
ide, phenylureide), phosphoric acid amide group (phospho 
ric acid amide group preferably having from 1 to 30 carbon 
atoms, more preferably 1 to 20 carbon atoms, particularly 
from 1 to 12 carbon atoms, e.g., diethylphosphoric acid 
amide, phenylphosphoric acid amide), hydroxy group, mer 
capto group, halogen atom (e.g., ?uorine atom, chlorine 
atom, bromine atom, iodine atom), cyano group, sulfo 
group, carboxyl group, nitro group, hydroxamic acid group, 
sul?no group, hydraZino group, imino group, heterocyclic 
group (heterocyclic group preferably having from 1 to 30 
carbon atoms, more preferably from 1 to 12 carbon atoms, 
and containing as hetero atoms nitrogen atom, oxygen atom 
and sulfur atom, e.g., imidaZolyl, pyridyl, quinolyl, furyl, 
chenyl, piperidyl, morpholino, benZoxaZolyl, benZimida 
Zolyl, benZthiaZolyl), and silyl group (silyl group preferably 
having from 3 to 40 carbon atoms, more preferably 3 to 30 


























