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(57) ABSTRACT 
An organic electroluminescence device comprises a cath 
ode, an anode and a layer of an organic thin ?lm comprising 
one or a plurality of layers and disposed betWeen the cathode 
and the anode, Wherein at least one of the layers in the layer 
of an organic thin ?lm comprises a laminate of a layer 
comprising a metal complex having an energy gap of 2.8 eV 
or greater and a layer of a host material. The organic 
electroluminescence device exhibits a higher ef?ciency of 
light emission and has a longer life than conventional 
devices While the emitted light has a high luminance. 
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ORGANIC ELECTROLUMINESCENCE DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to an organic elec 
troluminescence device and, more particularly, to an organic 
electroluminescence device emitting light of a high lumi 
nance at a high ef?ciency and having a long life. 

BACKGROUND ART 

[0002] An organic electroluminescence device (hereinaf 
ter, referred to as an organic EL device) is a spontaneous 
light emitting device Which utiliZes the principle that a 
?uorescent substance emits light by recombination of holes 
injected from an anode and electrons injected from a cathode 
When an electric ?eld is applied. 

[0003] Since an organic EL device of the laminate type 
driven under a loW electric voltage Was reported by C. W. 
Tang of Eastman Kodak Company (C. W. Tang and S. A. 
Vanslyke, Applied Physics Letters, Volume 51, Pages 913, 
1987), many studies have been conducted on organic EL 
devices using organic materials as the constituting materials. 
Tang et al used tris(8-hydroxyquinolinol)aluminum as the 
light emitting layer and a triphenyldiamine derivative as the 
hole transporting layer. Advantages of the laminate structure 
are that the ef?ciency of hole injection into the light emitting 
layer can be increased, that the ef?ciency of forming excited 
particles Which are formed by blocking and recombining 
electrons injected from the cathode can be increased and that 
excited particles formed Within the light emitting layer can 
be enclosed. As the structure of the organic EL device, a 
tWo-layered structure having a hole transporting (injecting) 
layer and an electron transporting and light emitting layer 
and a three-layered structure having a hole transporting 
(injecting) layer, a light emitting layer and an electron 
transporting (injecting) layer are Well knoWn. To increase 
the ef?ciency of recombination of injected holes and elec 
trons in the devices of the laminate type, the structure of the 
device and the process for forming the device have been 
studied. 

[0004] As the light emitting material, chelate complexes 
such as tris(8-quinolinolato)aluminum, coumarine deriva 
tives, tetraphenylbutadiene derivatives, bisstyrylarylene 
derivatives and oxadiaZole derivatives are knoWn. It is 
reported that light in the visible region ranging from blue 
light to red light can be obtained by using these light 
emitting materials and development of a device exhibiting 
color images is expected (For example, Japanese Patent 
Application Laid-Open Nos. Heisei 8(1996)-239655, Heisei 
7(1995)-138561 and Heisei 3(1991)-200289). 
[0005] A device using a phenylanthracene derivative as 
the light emitting material is disclosed in Japanese Patent 
Application Laid-Open No. Heisei 8(1996)-12600. The phe 
nylanthracene derivative is used as the light emitting mate 
rial emitting blue light. In general, this compound is used as 
the layer emitting blue light as a laminate in combination 
With a layer of tris(8-quinolinolato)aluminum HoW 
ever, the ef?ciency of light emission and the life are insuf 
?cient for practical application. 

[0006] In Japanese Patent Application Laid-Open No. 
Heisei 11(1999)-312588, a laminate having a layer of a 
phenylanthracene derivative and a layer of tris(8-quinolino 
lato)aluminum is used. HoWever, this laminate has a prob 
lem in that the ef?ciency of light emission is as loW as 1 to 
2 cd/A. One of the causes of the problem is that the amounts 
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of electrons and holes are not in a good balance since the 
injection of electrons into the layer of phenylanthracene is 
harder than the injection into the layer of Alq and a portion 
of the electric current is not used for the recombination. 
Another cause of the problem is that Alq is degraded by 
electric current When a hole current as a portion of the 
electric current not used for the recombination ?oWs into the 
layer of Alq. 

[0007] Organic EL devices emitting light of a high lumi 
nance at a high ef?ciency and having a long life have been 
reported recently. HoWever, the performance of these 
devices are not alWays satisfactory. 

DISCLOSURE OF THE INVENTION 

[0008] The present invention has been made to overcome 
the above problems and has an object of providing an 
organic EL device emitting light of a higher luminance at a 
higher ef?ciency and having a longer life than those of 
conventional devices. 

[0009] As the result of extensive studies by the present 
inventors to overcome the above problems, it Was found 
that, in a device having a conventional laminate structure 
having a layer of a host material and a layer of Alq and, in 
particular, in a device having a laminate structure having a 
layer of a host material using a phenylanthracene derivative, 
Which is preferable as the host material, and a layer of Alq, 
(1) injection of electrons from the cathode into the layer of 
a phenylanthracene derivative is not easy and (2) holes are 
injected into the layer of Alq and deterioration in the electron 
injecting layer takes place due to the injection of holes. 
Based on this knoWledge, the present inventors used a layer 
of a metal complex having an energy gap of 2.8 eV or greater 
in place of the layer of Alq having an energy gap of 2.7 eV 
to overcome the above problems (1) and (2) and an organic 
EL device emitting light of a higher luminance at a higher 
ef?ciency and having a longer life than those of conventional 
devices has been completed. 

[0010] The present invention provides an organic elec 
troluminescence device comprising a cathode, an anode and 
a layer of an organic thin ?lm comprising one or a plurality 
of layers and disposed betWeen the cathode and the anode, 
Wherein at least one of the layers in the layer of an organic 
thin ?lm comprises a laminate of a layer comprising a metal 
complex having an energy gap of 2.8 eV or greater and a 
layer of a host material; and an organic electroluminescence 
device comprising a cathode, an anode and a layer of an 
organic thin ?lm comprising one or a plurality of layers and 
disposed betWeen the cathode and the anode, Wherein at 
least one of the layers in the layer of an organic thin ?lm 
comprises a mixture of a metal complex having an energy 
gap of 2.8 eV or greater and a host material. 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

[0011] In the organic EL device of the present invention, 
it is preferable that the layer of the host material or the layer 
of the mixture comprises light emitting guest molecules 
Which have an electron af?nity smaller than the electron 
af?nity of the host material and an ioniZation energy the 
same as or smaller than the ioniZation energy of the host 
material. 

[0012] When the above conditions are satis?ed, injection 
of electrons into the electron injecting layer is suppressed 
Without adverse effects on the injection of electrons from the 
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cathode to the layer of the host material. When conventional 
light emitting guest molecules such as coumarine-based 
compounds and dicyano compounds are used, the electron 
affinity of the light emitting guest molecules is greater than 
that of the layer of the host material. Due to this condition, 
the light emitting guest molecules Work as a trap for elec 
trons and the injection of electrons into the layer of the host 
material is suppressed. Moreover, the light emitting guest 
molecules cannot catch holes suf?ciently. Therefore, holes 
tend to flow into the electron injecting layer and the dete 
rioration of the electron injecting layer is promoted. In the 
present invention, the amounts of electrons and holes are 
kept in good balance since the electron affinity and the 
ioniZation potential satisfy the above conditions and injec 
tion of holes into the electron injecting layer can be sup 
pressed. Therefore, the device exhibiting a higher efficiency 
and having a longer life than those of conventional devices 
can be obtained. 

[0013] In the present invention, the host material is a 
material constituting the layer of a host material. When the 
light emitting guest molecules are mixed, it is preferable that 
the host material has an energy gap greater than that of the 
light emitting guest molecules. One of the folloWing cases 
(1) and (2) is more preferable. 

[0014] (1) From the standpoint of enhancing the property 
of the light emitting host molecules to catch holes When the 
light emitting guest molecules are mixed, it is preferable that 
the host material has an energy gap of 2.8 eV or greater. The 
reason is that, When the energy gap is great, the ioniZation 
energy of the host material is increased and the host material 
can Work more effectively as the hole trap even When the 
same light emitting guest molecules are used. In particular, 
this case is preferable for obtaining emission of blue light. 

[0015] (2) From the standpoint of improving the balance 
betWeen the amounts of electrons and holes in the construc 
tion having the layer of the host material and the layer of a 
metal complex, it is preferable that the layer of the host 
material has the hole transporting property. The hole trans 
porting property is de?ned as the charge transporting prop 
erty When the mobility of holes is greater than the mobility 
of electrons and can be measured in accordance With a 
conventional method such as the method of time of ?ight. 

[0016] It is preferable that the host material is at least one 
compound selected from distyrylarylene derivatives, diary 
lanthracene derivatives and diarylbisanthracene derivatives. 

[0017] As the distyrylarylene derivative, light emitting 
compounds represented by the folloWing general formula (1) 
is preferable. 

(1) 

/ Ar3 
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[0018] In the above general formula (1),Ar1, Ar2, Ar3, Ar4 
and Ar5 each independently represent a substituted or unsub 
stituted phenylene group, a substituted or unsubstituted 
naphthalene group, a substituted or unsubstituted anthracene 

group, a substituted or unsubstituted diphenylanthracene 
group, a substituted or unsubstituted phenanthrene group, a 

substituted or unsubstituted acenaphthene group, a substi 
tuted or unsubstituted biphenylene group, a substituted or 

unsubstituted ?uorene group, a substituted or unsubstituted 

carbaZole group, a substituted or unsubstituted thiophene 

group, a substituted or unsubstituted triaZole group or a 

substituted or unsubstituted thiadiaZole group. R1, R2, R3 
and R4 each independently represent hydrogen atom, an 
alkyl group having 1 to 30 carbon atoms, an alkoxyl group 
having 1 to 30 carbon atoms, an aryl group having 1 to 30 
carbon atoms, a trialkylsilyl group having 1 to 30 carbon 
atoms or cyano group. 

[0019] As the diarylanthracene derivative, arylbisan 
thracene derivatives represented by the folloWing general 
formula (2) are preferable. 

[0020] In the above general formula (2), R10 to R13, R15 to 
R18, R20 to R23 and R25 to R28 each independently represent 
hydrogen atom, a halogen atom, hydroxyl group, a substi 
tuted or unsubstituted amino group, nitro group, cyano 
group, a substituted or unsubstituted alkyl group having 1 to 
30 carbon atoms, a substituted or unsubstituted alkenyl 
group having 2 to 30 carbon atoms, a substituted or unsub 
stituted cycloalkyl group having 5 to 30 carbon atoms, a 
substituted or unsubstituted alkoxyl group having 1 to 30 
carbon atoms, a substituted or unsubstituted a romatic 

hydrocarbon group having 6 to 40 carbon atoms, a substi 
tuted or unsubstituted aromatic heterocyclic group having 2 
to 40 carbon atoms, a substituted or unsubstituted aralkyl 

group having 7 to 40 carbon atoms, a substituted or unsub 
stituted aryloxyl group having 6 to 40 carbon atoms, a 
substituted or unsubstituted alkoxycarbonyl group having 2 
to 30 carbon atoms or carboxyl group and R14 and R24 each 
independently represent a substituted or unsubstituted aryl 
group having 6 to 40 carbon atoms. 

[0021] Among the above compounds, arylanthracene 
derivatives expressed by formulae (1‘) to (5‘) and distyry 
larylene derivatives expressed by formulae (6‘) to (9‘) are 
more preferable as the host material. 
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-continued 

0 
[0022] The groups in the above general formula (2) Will be 
described speci?cally in the following. 

[0023] The amino group is represented by —NX1X2. X1 
and X2 each independently represent hydrogen atom, methyl 
group, ethyl group, propyl group, isopropyl group, n-butyl 
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl 
group, n-heXyl group, n-heptyl group, n-octyl group, 
hydroXyrnethyl group, l-hydroxyethyl group, 2-hydroXy 
ethyl group, 2-hydroXyisobutyl group, 1,2-dihydroXyethyl 
group, 1,3-dihydroXyisopropyl group, 2,3-dihydroXy-t-butyl 
group, 1,2,3-trihydroXypropyl group, chlorornethyl group, 
l-chloroethyl group, 2-chloroethyl group, 2-chloroisobutyl 
group, 1,2-dichloroethyl group, 1,3-dichloroisopropyl 
group, 2,3-dichloro-t-butyl group, 1,2,3-trichloropropyl 
group, brornornethyl group, l-brornoethyl group, 2-brorno 
ethyl group, 2-brornoisobutyl group, 1,2-dibrornoethyl 
group, 1,3-dibrornoisopropyl group, 2,3-dibrorno-t-butyl 
group, 1,2,3-tribrornopropyl group, iodornethyl group, 1-io 
doethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 
1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-di 
iodo-t-butyl group, 1,2,3-triiodopropyl group, arninornethyl 
group, l-arninoethyl group, 2-arninoethyl group, 2-arni 
noisobutyl group, 1,2-diarninoethyl group, 1,3-diarninoiso 
propyl group, 2,3-diarnino-t-butyl group, 1,2,3-triarninopro 
pyl group, cyanornethyl group, l-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoet 
hyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl 
group, 1,2,3-tricyanopropyl group, nitrornethyl group, 1-ni 
troethyl group, 2-nitroethyl group, 2-nitroisobutyl group, 
1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dini 
tro-t-butyl group, 1,2,3-trinitropropyl group, phenyl group, 
l-naphthyl group, 2-naphthyl group, l-anthryl group, 2-an 
thryl group, 9-anthryl group, l-phenanthryl group, 
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl 
group, 9-phenanthryl group, l-naphthacenyl group, 2-naph 
thacenyl group, 9-naphthacenyl group, 4-styrylphenyl 
group, l-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 
2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl 
group, p-terphenyl-4-yl group, p-terphenyl-3-yl group, 

p-terphenyl-2-yl group, rn-terphenyl-4-yl group, rn-terphe 
nyl-3-yl group, rn-terphenyl-2-yl group, o-tolyl group, 
rn-tolyl group, p-tolyl group, p-t-butylpheny group, p-(2 
phenylpropyl)phenyl group, 3-rnethyl-2-naphthyl group, 
4-rnethyl-1-naphthyl group, 4-rnethyl-1-anthryl group, 
4‘-rnethylbiphenylyl group, 4“-t-butyl-p-terphenyl-4-yl 
group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl group, 
2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group, 
2-indolyl group, 3-indolyl group, 4-indolyl group, S-indolyl 
group, 6-indolyl group, 7-indolyl group, l-isoindolyl group, 
3-isoindolyl group, 4-isoindolyl group, S-isoindolyl group, 
6-isoindolyl group, 7-isoindolyl group, 2-furyl group, 3-fu 
ryl group, 2-benZofuranyl group, 3-benZofuranyl group, 
4-benZofuranyl group, S-benzofuranyl group, 6-benZofura 
nyl group, 7-benZofuranyl group, l-isobenzofuranyl group, 
3-isobenZofuranyl group, 4-isobenZofuranyl group, 
S-isobenzofuranyl group, 6-isobenZofuranyl group, 
7-isobenZofuranyl group, 2-quinolyl group, 3-quinolyl 
group, 4-quinolyl group, S-quinolyl group, 6-quinolyl 
group, 7-quinolyl group, 8-quinolyl group, l-isoquinolyl 
group, 3-isoquinolyl group, 4-isoquinolyl group, S-iso 
quinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 
8-isoquinolyl group, 2-quinoXanyl group, S-quinoxanyl 
group, 6-quinoXanyl group, l-carbazolyl group, 2-carba 
Zolyl group, 3-carbaZolyl group, 4-carbaZolyl group, 
1 -phenanthridinyl group, 2-phenanthridinyl group, 
3-phenanthridinyl group, 4-phenanthridinyl group, 
6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
10-phenanthridinyl group, l-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin 
3-yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthro 
lin-S-yl group, 1,8-phenanthrolin-6-yl group, 1,8 
phenanthrolin-7-yl group, 1,8-phenanthrolin-9-yl group, 
1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-2-yl 
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group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl 
group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl 
group, 1,9-phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl 
group, 1,9-phenanthrolin-10-yl group, 1,10-phenanthrolin 
2-yl group, 1, 10-phenanthrolin-3-yl group, 1,10-phenan 
throlin-4-yl group, 1, 10-phenanthrolin-5-yl group, 2,9 
phenanthrolin-l-yl group, 2,9-phenanthrolin-3-yl group, 
2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl group, 
2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 
2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl 
group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3-yl 
group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl 
group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl 
group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin-10 
yl group, 2,7-phenanthrolin-1-yl group, 2,7-phenanthrolin 
3-yl group, 2,7-phenanthrolin-4-yl group, 2,7-phenanthro 
lin-S-yl group, 2,7-phenanthrolin-6-yl group, 2,7 
phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-10-yl group, 1-phenaZinyl group, 
2-phenaZinyl group, 1-phenothiaZinyl group, 2-phenothiaZi 
nyl group, 3-phenothiaZinyl group, 4-phenothiaZinyl group, 
1-phenoxaZinyl group, 2-phenoxaZinyl group, 3-phenoxaZi 
nyl group, 4-phenoxaZinyl group, 2-oxaZolyl group, 4-ox 
aZolyl group, 5-oxaZolyl group, 2-oxadiaZolyl group, S-oxa 
diaZolyl group, 3-furaZanyl group, 2-thienyl group, 3-thienyl 
group, 2-methylpyrrol-1 -yl group, 2-methylpyrrol-3 -yl 
group, 2-methylpyrrol-4-yl group, 2-methylpyrrol-5 -yl 
group, 3-methylpyrrol-1 -yl group, 3-methylpyrrol-2-yl 
group, 3-methylpyrrol-4-yl group, 3-methylpyrrol-5 -yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyr 
rol-l-yl group, 2-methyl-1-indolyl group, 4-methyl-1-in 
dolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group, 
2-t-butyl-3-indolyl group or 4-t-butyl-3-indolyl group. 

[0024] Examples of the alkyl group include methyl group, 
ethyl group, propyl group, isopropyl group, n-butyl group, 
s-butyl group, isobutyl group, t-butyl group, n-pentyl group, 
n-hexyl group, n-heptyl group, n-octyl group, hydroxym 
ethyl group, l-hydroxyethyl group, 2-hydroxyethyl group, 
2-hydroxyisobutyl group, 1,2-dihydroxyethyl group, 1,3 
dihydroxyisopropyl group, 2,3-dihydroxy-t-butyl group, 
1,2,3-trihydroxypropyl group, chloromethyl group, l-chlo 
roethyl group, 2-chloroethyl group, 2-chloroisobutyl group, 
1,2-dichloroethyl group, 1,3-dichloroisopropyl group, 2,3 
dichloro-t-butyl group, 1,2,3-trichloropropyl group, bro 
momethyl group, 1-bromoethyl group, 2-bromoethyl group, 
2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibro 
moisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribro 
mopropyl group, iodomethyl group, 1-iodoethyl group, 2-io 
doethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 
1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3 
triiodopropyl group, aminomethyl group, l-aminoethyl 
group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2 
diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-di 
amino-t-butyl group, 1,2,3-triaminopropyl group, cyanom 
ethyl group, l-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, 1-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group 
and 1,2,3-trinitropropyl group. 

[0025] Examples of the alkenyl group include vinyl group, 
allyl group, 1-butenyl group, 2-butenyl group, 3-butenyl 
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group, 1,3-butadienyl group, l-methylvinyl group, styryl 
group, 2,2-diphenylvinyl group, 1,2-diphenylvinyl group, 
l-methylallyl group, 1,1-dimethylallyl group, 2-methylallyl 
group, l-phenylallyl group, 2-phenylallyl group, 3-pheny 
lallyl group, 3,3-diphenylallyl group, 1,2-dimethylallyl 
group, l-phenyl-l-butenyl group and 3-phenyl-1-butenyl 
group. 

[0026] Examples of the cycloalkyl group include cyclo 
propyl group, cyclobutyl group, cyclopentyl group, cyclo 
hexyl group and 4-methylcyclohexyl group. 

[0027] The alkoxyl group is represented by —OY. 
Examples of the group represented by Y include methyl 
group, ethyl group, propyl group, isopropyl group, n-butyl 
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl 
group, n-hexyl group, n-heptyl group, n-octyl group, 
hydroxymethyl group, l-hydroxyethyl group, 2-hydroxy 
ethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxyethyl 
group, 1,3-dihydroxy-isopropyl group, 2,3-dihydroxy-t-bu 
tyl group, 1,2,3-trihydroxypropyl group, chloromethyl 
group, l-chloroethyl group, 2-chloroethyl group, 2-chlor 
oisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroiso 
propyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichloropro 
pyl group, bromomethyl group, 1-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromo 
ethyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t 
butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 
1-iodoethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 
1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-di 
iodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl 
group, l-aminoethyl group, 2-aminoethyl group, 2-ami 
noisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoiso 
propyl group, 2,3-diamino-t-butyl group, 1,2,3-triaminopro 
pyl group, cyanomethyl group, l-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoet 
hyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl 
group, 1,2,3-tricyanopropyl group, nitromethyl group, l-ni 
troethyl group, 2-nitroethyl group, 2-nitroisobutyl group, 
1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dini 
tro-t-butyl group and 1,2,3-trinitropropyl group. 

[0028] Examples of the aromatic hydrocarbon group 
include phenyl group, 1-naphthyl group, 2-naphthyl group, 
l-anthryl group, 2-anthryl group, 9-anthryl group, l-phenan 
thryl group, 2-phenanthryl group, 3-phenanthryl group, 
4-phenanthryl group, 9-phenanthryl group, l-naphthacenyl 
group, 2-naphthacenyl group, 9-naphthacenyl group, 
l-pyrenyl group, 2-pyrenyl group, 4-pyrenyl group, 2-bi 
phenylyl group, 3-biphenylyl group, 4-biphenylyl group, 
p-terphenyl-4-yl group, p-terphenyl-3-yl group, p-terphe 
nyl-2-yl group, m-terphenyl-4-yl group, m-terphenyl-3-yl 
group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl group, 
p-tolyl group, p-t-butylpheny group, p-(2-phenylpropy 
l)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-1 
naphthyl group, 4-methyl-1-anthryl group, 4‘-methylbiphe 
nylyl group and 4“-t-butyl-p-terphenyl-4-yl group. 

[0029] Examples of the aromatic heterocyclic group 
include l-pyrrolyl group, 2-pyrrolyl group, 3-pyrrolyl 
group, pyradinyl group, 2-pyridinyl group, 3-pyridinyl 
group, 4-pyridinyl group, l-indolyl group, 2-indolyl group, 
3-indolyl group, 4-indolyl group, S-indolyl group, 6-indolyl 
group, 7-indolyl group, l-isoindolyl group, 2-isoindolyl 
group, 3-isoindolyl group, 4-isoindolyl group, S-isoindolyl 
group, 6-isoindolyl group, 7-isoindolyl group, 2-furyl group, 
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3-furyl group, Z-benzofuranyl group, 3-benZofuranyl group, 
4-benZofuranyl group, S-benzofuranyl group, 6-benZofura 
nyl group, 7-benZofuranyl group, l-isobenzofuranyl group, 
3-isobenZofuranyl group, 4-isobenZofuranyl group, 
S-isobenzofuranyl group, 6-isobenZofuranyl group, 
7-isobenZofuranyl group, 2-quinolyl group, 3-quinolyl 
group, 4-quinolyl group, S-quinolyl group, 6-quinolyl 
group, 7-quinolyl group, 8-quinolyl group, l-isoquinolyl 
group, 3-isoquinolyl group, 4-isoquinolyl group, S-iso 
quinolyl group, 6-isoquinolyl group, 7-isoquinolyl group, 
8-isoquinolyl group, 2-quinoXanyl group, S-quinoxanyl 
group, 6-quinoXanyl group, l-carbazolyl group, Z-Carba 
Zolyl group, 3-carbaZolyl group, 4-carbaZolyl group, 9-car 
baZolyl group, l-phenanthridinyl group, 2-phenanthridinyl 
group, 3-phenanthridinyl group, 4-phenanthridinyl group, 
6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
10-phenanthridinyl group, l-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin 
3-yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthro 
lin-S-yl group, 1,8-phenanthrolin-6-yl group, 1,8 
phenanthrolin-7-yl group, 1,8-phenanthrolin-9-yl group, 
1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-2-yl 
group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl 
group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl 
group, 1,9-phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl 
group, 1,9-phenanthrolin-10-yl group, 1,10-phenanthrolin 
2-yl group, 1,10-phenanthrolin-3-yl group, 1,10-phenan 
throlin-4-yl group, 1,10-phenanthrolin-5-yl group, 2,9 
phenanthrolin-l-yl group, 2,9-phenanthrolin-3-yl group, 
2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl group, 
2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 
2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl 
group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3-yl 
group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl 
group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl 
group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin-10 
yl group, 2,7-phenanthrolin-1-yl group, 2,7-phenanthrolin 
3-yl group, 2,7-phenanthrolin-4-yl group, 2,7-phenanthro 
lin-S-yl group, 2,7-phenanthrolin-6-yl group, 2,7 
phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-10-yl group, l-phenazinyl group, 
2-phenaZinyl group, l-phenothiazinyl group, 2-phenothiaZi 
nyl group, 3-phenothiaZinyl group, 4-phenothiaZinyl group, 
10-phenothiaZinyl group, l-phenoxazinyl group, 2-phenoX 
aZinyl group, 3-phenoXaZinyl group, 4-phenoXaZinyl group, 
10-phenoXaZinyl group, 2-oXaZolyl group, 4-oXaZolyl 
group, S-oxazolyl group, 2-oXadiaZolyl group, S-oxadiaz 
olyl group, 3-furaZanyl group, 2-thienyl group, 3-thienyl 
group, 2-rnethylpyrrol-1 -yl group, 2-rnethylpyrrol-3 -yl 
group, 2-rnethylpyrrol-4-yl group, 2-rnethylpyrrol-5 -yl 
group, 3-rnethylpyrrol-1 -yl group, 3-rnethylpyrrol-2-yl 
group, 3-rnethylpyrrol-4-yl group, 3-rnethylpyrrol-5 -yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyr 
rol-l-yl group, 2-rnethyl-1-indolyl group, 4-rnethyl-1-in 
dolyl group, 2-rnethyl-3-indolyl group, 4-rnethyl-3-indolyl 
group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group, 
2-t-butyl-3-indolyl group and 4-t-butyl-3-indolyl group. 
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[0030] Examples of the aralkyl group include benZyl 
group, l-phenylethyl group, 2-phenylethyl group, l-phenyl 
isopropyl group, 2-phenylisopropyl group, phenyl-t-butyl 
group, ot-naphthylrnethyl group, l-ot-naphthylethyl group, 
2-ot-naphthylethyl group, l-ot-naphthylisopropyl group, 
2-ot-naphthylisopropyl group, [3-naphthylrnethyl group, 1-[3 
naphthylethyl group, 2-[3-naphthylethyl group, 1-[3-naphth 
ylisopropyl group, 2-[3-naphthylisopropyl group, l-pyrrolyl 
methyl group, 2-(1-pyrrolyl)ethyl group, p-rnethylbenZyl 
group, rn-rnethylbenZyl group, o-rnethylbenZyl group, 
p-chlorobenZyl group, rn-chlorobenZyl group, o-chloroben 
Zyl group, p-brornobenZyl group, rn-brornobenZyl group, 
o-brornobenZyl group, p-iodobenZyl group, rn-iodobenZyl 
group, o-iodobenZyl group, p-hydroXybenZyl group, rn-hy 
droXybenZyl group, o-hydroXybenZyl group, p-arninobenZyl 
group, rn-arninobenZyl group, o-arninobenZyl group, p-ni 
trobenZyl group, rn-nitrobenZyl group, o-nitrobenZyl group, 
p-cyanobenZyl group, rn-cyanobenZyl group, o-cyanobenZyl 
group, 1-hydroXy-2-phenylisopropyl group and 1-chloro-2 
phenylisopropyl group. 

[0031] The aryloXyl group is represented by —OZ. 
Examples of the group represented by Z include phenyl 
group, l-naphthyl group, 2-naphthyl group, l-anthryl group, 
2-anthryl group, 9-anthryl group, l-phenanthryl group, 
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl 
group, 9-phenanthryl group, l-naphthacenyl group, 2-naph 
thacenyl group, 9-naphthacenyl group, l-pyrenyl group, 
2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl group, 3-bi 
phenylyl group, 4-biphenylyl group, p-terphenyl-4-yl group, 
p-terphenyl-3-yl group, p-terphenyl-2-yl group, rn-terphe 
nyl-4-yl group, rn-terphenyl-3-yl group, rn-terphenyl-2-yl 
group, o-tolyl group, rn-tolyl group, p-tolyl group, p-t 
butylpheny group, p-(2-phenylpropyl)phenyl group, 3-rne 
thyl-2-naphthyl group, 4-rnethyl-1-naphthyl group, 4-rne 
thyl-l-anthryl group, 4‘-rnethylbiphenylyl group, 4“-t-butyl 
p-terphenyl-4-yl group, 2-pyrrolyl group, 3-pyrrolyl group, 
pyradinyl group, 2-pyridinyl group, 3-pyridinyl group, 4-py 
ridinyl group, 2-indolyl group, 3-indolyl group, 4-indolyl 
group, S-indolyl group, 6-indolyl group, 7-indolyl group, 
l-isoindolyl group, 3-isoindolyl group, 4-isoindolyl group, 
S-isoindolyl group, 6-isoindolyl group, 7-isoindolyl group, 
2-furyl group, 3-furyl group, Z-benzofuranyl group, 3-ben 
Zofuranyl group, 4-benZofuranyl group, S-benzofuranyl 
group, 6-benZofuranyl group, 7-benZofuranyl group, 
l-isobenzofuranyl group, 3-isobenZofuranyl group, 
4-isobenZofuranyl group, S-isobenzofuranyl group, 
6-isobenZofuranyl group, 7-isobenZofuranyl group, 
2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 
S-quinolyl group, 6-quinolyl group, 7-quinolyl group, 
8-quinolyl group, l-isoquinolyl group, 3-iso quinolyl group, 
4-iso quinolyl group, S-iso quinolyl group, 6-iso quinolyl 
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoXa 
nyl group, S-quinoxanyl group, 6-quinoXanyl group, l-car 
baZolyl group, 2-carbaZolyl group, 3-carbaZolyl group, 
4-carbaZolyl group, l-phenanthridinyl group, 2-phenan 
thridinyl group, 3-phenanthridinyl group, 4-phenanthridinyl 
group, 6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
10-phenanthridinyl group, l-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin 
3-yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthro 
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lin-S-yl group, 1,8-phenanthrolin-6-yl group, 1,8 
phenanthrolin-7-yl group, 1,8-phenanthrolin-9-yl group, 
1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-2-yl 
group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl 
group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl 
group, 1,9-phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl 
group, 1,9-phenanthrolin-10-yl group, 1,10-phenanthrolin 
2-yl group, 1, 10-phenanthrolin-3-yl group, 1,10-phenan 
throlin-4-yl group, 1, 10-phenanthrolin-5-yl group, 2,9 
phenanthrolin-l-yl group, 2,9-phenanthrolin-3-yl group, 
2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl group, 
2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 
2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl 
group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3-yl 
group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl 
group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl 
group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin-10 
yl group, 2,7-phenanthrolin-1-yl group, 2,7-phenanthrolin 
3-yl group, 2,7-phenanthrolin-4-yl group, 2,7-phenanthro 
lin-S-yl group, 2,7-phenanthrolin-6-yl group, 2, 
7-phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-10-yl group, 1-phenaZinyl group, 
2-phenaZinyl group, 1-phenothiaZinyl group, 2-phenothiaZi 
nyl group, 3-phenothiaZinyl group, 4-phenothiaZinyl group, 
1-phenoxaZinyl group, 2-phenoxaZinyl group, 3-phenoxaZi 
nyl group, 4-phenoxaZinyl group, 2-oxaZolyl group, 4-ox 
aZolyl group, 5-oxaZolyl group, 2-oxadiaZolyl group, S-oxa 
diaZolyl group, 3-furaZanyl group, 2-thienyl group, 3-thienyl 
group, 2-methylpyrrol-1 -yl group, 2-methylpyrrol-3 -yl 
group, 2-methylpyrrol-4-yl group, 2-methylpyrrol-5 -yl 
group, 3-methylpyrrol-1 -yl group, 3-methylpyrrol-2-yl 
group, 3-methylpyrrol-4-yl group, 3-methylpyrrol-5 -yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyr 
rol-l-yl group, 2-methyl-1-indolyl group, 4-methyl-1-in 
dolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group, 
2-t-butyl-3-indolyl group and 4-t-butyl-3-indolyl group. 

[0032] The alkoxycarbonyl group is represented by 
—COOY. Examples of the group represented by Y include 
methyl group, ethyl group, propyl group, isopropyl group, 
n-butyl group, s-butyl group, isobutyl group, t-butyl group, 
n-pentyl group, n-hexyl group, n-heptyl group, n-octyl 
group, hydroxymethyl group, l-hydroxyethyl group, 2-hy 
droxyethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxy 
ethyl group, 1,3-dihydroxy-isopropyl group, 2,3-dihydroxy 
t-butyl group, 1,2,3-trihydroxypropyl group, chloromethyl 
group, l-chloroethyl group, 2-chloroethyl group, 2-chlor 
oisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroiso 
propyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichloropro 
pyl group, bromomethyl group, 1-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromo 
ethyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t 
butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 
l-iodoethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 
1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-di 
iodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl 
group, l-aminoethyl group, 2-aminoethyl group, 2-ami 
noisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoiso 
propyl group, 2,3-diamino-t-butyl group, 1,2,3-triaminopro 
pyl group, cyanomethyl group, l-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoet 
hyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl 
group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-ni 
troethyl group, 2-nitroethyl group, 2-nitroisobutyl group, 
1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dini 
tro-t-butyl group and 1,2,3-trinitropropyl group. 
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[0033] Examples of the divalent group forming the ring 
include tetramethylene group, pentamethylene group, hex 
amethylene group, diphenylmethane-2,2‘-diyl group, diphe 
nylethane-3,3‘-diyl group and diphenylpropane-4,4‘-diyl 
group. 

[0034] Examples of the aryl group include phenyl group, 
naphthyl group, anthryl group, phenanthryl group, naph 
thaceyl group and pyrenyl group. Examples of the substitu 
ent to the aryl group include halogen atoms, hydroxyl group, 
substituted or unsubstituted amino groups described above, 
nitro group, cyano group, substituted or unsubstituted alkyl 
groups described above, substituted or unsubstituted alkenyl 
groups described above, substituted or unsubstituted 
cycloalkyl groups described above, substituted or unsubsti 
tuted alkoxyl groups described above, substituted or unsub 
stituted aromatic hydrocarbon groups described above, sub 
stituted or unsubstituted aromatic heterocyclic groups 
described above, substituted or unsubstituted aralkyl groups 
described above, substituted or unsubstituted aryloxyl 
groups described above, substituted or unsubstituted alkoxy 
carbonyl groups described above and carboxyl group. 

[0035] In the present invention, the light emitting guest 
molecule has an electron affinity smaller than that of the host 
material and an ioniZation potential the same as or smaller 
than that of the host material. As the light emitting guest 
molecule, amine compounds having styryl group and con 
densed aromatic amine compounds are preferable and the 
amine compounds having styryl group are more preferable. 
Examples of the amine compounds having styryl group 
include compounds represented by the folloWing general 
formulae (8) and (9): 

(8) 

[0036] In the above general formula (8), Ars‘ represents a 
divalent group selected from phenylene group, biphenylene 
group, terphenylene group and stylbene group, Ar?‘ and Ar7‘ 
each independently represent hydrogen atom or an aromatic 
group having 6 to 20 carbon atoms, the groups represented 
by Ars‘, Ar?‘ and Ar7‘ may be substituted and m‘ represents 
a number of condensation Which is an integer of 1 to 4. 

[0037] In general formula (8), it is preferable that at least 
one of the groups represented by Ar?‘ and Ar7‘ is substituted 
With styryl group. Examples of the aromatic group having 6 
to 20 carbon atoms include phenyl group, naphthyl group, 
anthranyl group, phenanthryl group and terphenyl group. 

(9) 

[0038] In the above general formula (9), Ar8‘ represents an 
aromatic group having 6 to 40 carbon atoms, Arg‘ and Arlo‘ 
represents hydrogen atom or an aromatic group having 6 to 
20 carbon atoms, the groups represented by Ar8‘, Arg‘ and 
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Arlo‘ may be substituted With proviso that at least one of the 
groups represented by Ar8‘, Arg‘ and Arlo‘ is substituted With 
an alkylamino group and n‘ represents an integer of 1 to 4. 

[0039] Examples of the aromatic group having 6 to 40 
carbon atoms in general formula (9) include aryl groups 
such as phenyl group, naphthyl group, anthranyl group, 
phenanthryl group, pyrenyl group, coronyl group, biphenyl 
group, terphenyl group, pyrrolyl group, furanyl group, 
thiophenyl group, benZothiophenyl group, oxadiaZolyl 
group, diphenylanthranyl group, indolyl group, carbaZolyl 
group, pyridyl group, benZoquinolyl group, ?uoranthenyl 
group and acenaphtho?uoranthenyl group; and arylene 
groups such as phenylene group, naphthylene group, anthra 
nylene group, phenanthrylene group, pyrenylene group, 
coronylene group, biphenylene group, terphenylene group, 
pyrrolylene group, furanylene group, thiophenylene group, 
benZothiophenylene group, oxadiaZolyene group, dipheny 
lanthranylene group, indolylene group, carbaZolylene group, 
pyridylene group, benZoquinolylene group, ?uroranthe 
nylene group and acenaphtho?uoranthenylene group. The 
aromatic group having 6 to 40 carbon atoms may further be 
substituted With a substituent. Examples of the substituent 
include alkyl groups having 1 to 6 carbon atoms such as 
ethyl group, methyl group, isopropyl group, n-propyl group, 
s-butyl group, t-butyl group, pentyl group, hexyl group, 
cyclopentyl group and cyclohexyl group; alkoxyl groups 
having 1 to 6 carbon atoms such as ethoxyl group, methoxyl 
group, isopropoxyl group, n-propoxyl group, s-butoxyl 
group, t-butoxyl group, pentoxyl group, hexyloxyl group, 
cyclopentoxyl group and cyclohexyloxyl group; aryl groups 
having 5 to 40 carbon atoms in the nucleus; amino group 
substituted With the aryl group having 5 to 40 carbon atoms 
in the nucleus; ester groups having the aryl group having 5 
to 40 carbon atoms in the nucleus; ester groups having the 
alkyl group having 1 to 6 carbon atoms; cyano group, nitro 
group and halogen atoms. 

[0040] In the present invention, the metal complex com 
prised in the layer of an organic thin ?lm has an energy gap 
of 2.8 eV or greater and is preferably a metal complex 
having a ring having nitrogen as the ligand. 

[0041] It is preferable that the metal complex is a complex 
represented by general formula (3) or general formula 

(3) 
Q1 
\ 
Ga-L 
/ 

Q2 

[0042] In the above general formula (3), Q1 and Q2 each 
independently represent a ligand represented by general 
formula (4), L represents a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsub 
stituted cycloalkyl group having 5 to 30 carbon atoms, a 
substituted or unsubstituted aryl group having 6 to 40 carbon 
atoms, a substituted or unsubstituted heterocyclic group 
having 2 to 40 carbon atoms or a ligand represented by 
—OR, —OAr, —ORAr, —OC(O)R, —OC(O)Ar, 
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—OP(O)R2, —SeAr, —TeAr, —SAr, —X, —OP(O)Ar2, 
—OS(O2)R, —OS(O2)Ar, —OSiR3, —OB(OR)2, 
—OSiAr3, —OArO—, —OC(O)ArC(O)O— (in the formu 
lae, R representing a substituted or unsubstituted alkyl group 
having 1 to 30 carbon atoms or a substituted or unsubstituted 
cycloalkyl group having 5 to 30 carbon atoms, X represent 
ing a halogen atom, and Ar representing a substituted or 
unsubstituted aryl compound having 6 to 36 carbon atoms or 
a substituted or unsubstituted heterocyclic group having 5 to 
40 carbon atoms) or —O—Ga—Q3(Q4) (in the formula, Q3 
and Q4 each independently representing a same ligand as 
that represented by Q1 or Q2). 

(4) 

[0043] In the above general formula (4), A1 and A2 each 
independently represents a substituted or unsubstituted six 
membered aryl cyclic structure and the structures repre 
sented by A1 and A2 are condensed With each other. 

(5) 

[0044] In the above general formula (5), Q5 to Q8 each 
independently represent a ligand represented by general 
formula (4); A3 and A4 represent a substituted or unsubsti 
tuted alkylene group having 1 to 30 carbon atoms, a sub 
stituted or unsubstituted divalent monocyclic group having 
5 to 30 carbon atoms or a substituted or unsubstituted 

divalent condensed polycyclic group having 6 to 40 carbon 
atoms; X represents a substituted or unsubstituted alkylene 

groupm having 1 to 30 carbon atoms, O, S, S02, >C=O, 
>SiR R41 or >NR42; When A3 and A4 represent a substituted 
or unsubstituted alkylene group, X does not represent an 
alkylene group; n represents an integer of 0 to 2; R40 to R42 
each independently represent hydrogen atom, a halogen 
atom, cyano group, nitro group, a substituted or unsubsti 
tuted alkyl group having 1 to 30 carbon atoms, a substituted 
or unsubstituted alkoxyl group having 1 to 30 carbon atoms, 
a substituted or unsubstituted aryloxyl group having 6 to 40 
carbon atoms, a substituted or unsubstituted alkylthio group 
having 1 to 30 carbon atoms, a substituted or unsubstituted 

arylthio group having 6 to 40 carbon atoms, a substituted or 
unsubstituted monocyclic group having 5 to 40 carbon 
atoms, a substituted or unsubstituted condensed polycyclic 
group having 8 to 40 carbon atoms or a substituted or 

unsubstituted amino group; and adjacent groups represented 
by R40 and R41 may be bonded to each other to form a ring. 
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[0045] It is more preferable that, in general formula (3), at 
least one of Q1 and Q2 represents a ligand represented by the 
following general formula (6): 

(6) 

[0046] In the above general formula (6), R30 to R35 each 
independently represent hydrogen atom, a halogen atom, 
cyano group, nitro group, a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsub 
stituted cycloalkyl group having 5 to 40 carbon atoms, a 
substituted or unsubstituted aryl group having 6 to 40 carbon 
atoms or a substituted or unsubstituted heterocyclic group 
having 2 to 40 carbon atoms. 

[0047] Examples of the groups in general formulae (3) to 
(6) Will be described in the folloWing. 

[0048] Examples of the halogen atom include ?uorine 
atom, chlorine atom, bromine atom and iodine atom. 

[0049] The amino group is represented by —NX1X2. X1 
and X2 each independently represent methyl group, ethyl 
group, propyl group, isopropyl group, n-butyl group, s-butyl 
group, isobutyl group, t-butyl group, n-pentyl group, 
n-heXyl group, n-heptyl group, n-octyl group, hydroXym 
ethyl group, l-hydroxyethyl group, 2-hydroXyethyl group, 
2-hydroXyisobutyl group, 1,2-dihydroXyethyl group, 1,3 
dihydroXyisopropyl group, 2,3-dihydroXy-t-butyl group, 
1,2,3-trihydroXypropyl group, chloromethyl group, l-chlo 
roethyl group, 2-chloroethyl group, 2-chloroisobutyl group, 
1,2-dichloroethyl group, 1,3-dichloroisopropyl group, 2,3 
dichloro-t-butyl group, 1,2,3-trichloropropyl group, bro 
momethyl group, 1-bromoethyl group, 2-bromoethyl group, 
2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibro 
moisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribro 
mopropyl group, iodomethyl group, l-iodoethyl group, 2-io 
doethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 
1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3 
triiodopropyl group, aminomethyl group, l-aminoethyl 
group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2 
diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-di 
amino-t-butyl group, 1,2,3-triaminopropyl group, cyanom 
ethyl group, l-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, l-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, 
1,2,3-trinitropropyl group, phenyl group, l-naphthyl group, 
2-naphthyl group, l-anthryl group, 2-anthryl group, 9-an 
thryl group, l-phenanthryl group, 2-phenanthryl group, 
3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl 
group, l-naphthacenyl group, 2-naphthacenyl group, 
9-naphthacenyl group, 4-styrylphenyl group, l-pyrenyl 
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group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl 
group, 3-biphenylyl group, 4-biphenylyl group, p-terphenyl 
4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, 
m-terphenyl-4-yl group, m-terphenyl-3-yl group, m-terphe 
nyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, 
p-t-butylpheny group, p-(2-phenylpropyl)phenyl group, 
3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group, 
4-methyl-1-anthryl group, 4‘-methylbiphenylyl group, 4“-t 
butyl-p-terphenyl-4-yl group, 2-pyrrolyl group, 3-pyrrolyl 
gioup, pyradinyl group, 2-pyridinyl group, 3-pyridinyl 
group, 4-pyridinyl group, 2-indolyl group, 3-indolyl group, 
4-indolyl group, S-indolyl group, 6-indolyl group, 7-indolyl 
group, l-isoindolyl group, 3-isoindolyl group, 4-isoindolyl 
group, S-isoindolyl group, 6-isoindolyl group, 7-isoindolyl 
group, 2-furyl group, 3-furyl group, 2-benZofuranyl group, 
3-benZofuranyl group, 4-benZofuranyl group, 5-benZofura 
nyl group, 6-benZofuranyl group, 7-benZofuranyl group, 
1 -isobenZofuranyl group, 3-isobenZofuranyl group, 
4-isobenZofuranyl group, S-isobenzofuranyl group, 
6-isobenZofuranyl group, 7-isobenZofuranyl group, 
2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 
S-quinolyl group, 6-quinolyl group, 7-quinolyl group, 
8-quinolyl group, l-isoquinolyl group, 3-isoquinolyl group, 
4-isoquinolyl group, S-isoquinolyl group, 6-isoquinolyl 
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoXa 
nyl group, S-quinoxanyl group, 6-quinoXanyl group, l-car 
baZolyl group, 2-carbaZolyl group, 3-carbaZolyl group, 
4-carbaZolyl group, l-phenanthridinyl group, 2-phenan 
thridinyl group, 3-phenanthridinyl group, 4-phenanthridinyl 
group, 6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
10-phenanthridinyl group, 1-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin 
3-yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthro 
lin-S-yl group, 1,8-phenanthrolin-6-yl group, 1,8 
phenanthrolin-7-yl group, 1,8-phenanthrolin-9-yl group, 
1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-2-yl 
group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl 
group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl 
group, 1,9-phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl 
group, 1,9-phenanthrolin-10-yl group, 1,10-phenanthrolin 
2-yl group, 1,10-phenanthrolin-3-yl group, 1,10-phenan 
throlin-4-yl group, 1, 10-phenanthrolin-5-yl group, 2,9 
phenanthrolin-l-yl group, 2,9-phenanthrolin-3-yl group, 
2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl group, 
2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 
2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl 
group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3-yl 
group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl 
group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl 
group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin-10 
yl group, 2,7-phenanthrolin-1-yl group, 2,7-phenanthrolin 
3-yl group, 2,7-phenanthrolin-4-yl group, 2,7-phenanthro 
lin-S-yl group, 2,7-phenanthrolin-6-yl group, 2,7 
phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-10-yl group, 1-phenaZinyl group, 
2-phenaZinyl group, 1-phenothiaZinyl group, 2-phenothiaZi 
nyl group, 3-phenothiaZinyl group, 4-phenothiaZinyl group, 
2-phenoXaZinyl group, 2-phenoXaZinyl group, 3-phenoXaZi 
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nyl group, 4-phenoxaZinyl group, 2-oxaZolyl group, 4-ox 
aZolyl group, 5-oxaZolyl group, 2-oxadiaZolyl group, S-oxa 
diaZolyl group, 3-furaZanyl group, 2-thienyl group, 3-thienyl 
group, 2-methylpyrrol-1 -yl group, 2-methylpyrrol-3 -yl 
group, 2-methylpyrrol-4-yl group, 2-methylpyrrol-5 -yl 
group, 3-methylpyrrol-1 -yl group, 3-methylpyrrol-2-yl 
group, 3-methylpyrrol-4-yl group, 3-methylpyrrol-5 -yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyr 
rol-1-yl group, 2-methyl-1-indolyl group, 4-methyl-1-in 
dolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group, 
2-t-butyl-3-indolyl group or 4-t-butyl-3-indolyl group. 

[0050] Examples of the alkyl group include methyl group, 
ethyl group, propyl group, isopropyl group, n-butyl group, 
s-butyl group, isobutyl group, t-butyl group, n-pentyl group, 
n-hexyl group, n-heptyl group, n-octyl group, hydroxym 
ethyl group, 1-hydroxyethyl group, 2-hydroxyethyl group, 
2-hydroxyisobutyl group, 1, 2-dihydroxyethyl group, 1,3 
dihydroxy-isopropyl group, 2,3-dihydroxy-t-butyl group, 
1,2,3-trihydroxypropyl group, chloromethyl group, 1-chlo 
roethyl group, 2-chloroethyl group, 2-chloroisobutyl group, 
1,2-dichloroethyl group, 1,3-dichloroisopropyl group, 2,3 
dichloro-t-butyl group, 1,2,3-trichloropropyl group, bro 
momethyl group, 1-bromoethyl group, 2-bromoethyl group, 
2-bromoisobutyl group, 1,2-dibromoethyl group, 1, 3-dibro 
moisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribro 
mopropyl group, iodomethyl group, 1-iodoethyl group, 2-io 
doethyl group, 2-iodoisobutyl group, 1,2-diiodoethyl group, 
1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3 
triiodopropyl group, aminomethyl group, 1-aminoethyl 
group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2 
diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-di 
amino-t-butyl group, 1,2,3-triaminopropyl group, cyanom 
ethyl group, 1-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, 1-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group 
and 1,2,3-trinitropropyl group. 

[0051] Examples of the cycloalkyl group include cyclo 
propyl group, cyclobutyl group, cyclopentyl group, cyclo 
hexyl group and 4-methylcyclohexyl group. 

[0052] The alkoxyl group is represented by —OY. 
Examples of the group represented by Y include methyl 
group, ethyl group, propyl group, isopropyl group, n-butyl 
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl 
group, n-hexyl group, n-heptyl group, n-octyl group, 
hydroxymethyl group, 1-hydroxyethyl group, 2-hydroxy 
ethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxyethyl 
group, 1,3-dihydroxy-isopropyl group, 2,3-dihydroxy-t-bu 
tyl group, 1,2,3-trihydroxypropyl group, chloromethyl 
group, 1-chloroethyl group, 2-chloroethyl group, 2-chlor 
oisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroiso 
propyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichloropro 
pyl group, bromomethyl group, 1-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromo 
ethyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t 
butyl group, 1,2,3-tribromopropyl group, iodomethyl group, 
1-iodoethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 
1,2-diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-di 
iodo-t-butyl group, 1,2,3-triiodopropyl group, aminomethyl 
group, 1-aminoethyl group, 2-aminoethyl group, 2-ami 
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noisobutyl group, 1,2-diaminoethyl group, 1,3-diaminoiso 
propyl group, 2,3-diamino-t-butyl group, 1,2,3-triaminopro 
pyl group, cyanomethyl group, 1-cyanoethyl group, 
2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-dicyanoet 
hyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano-t-butyl 
group, 1,2,3-tricyanopropyl group, nitromethyl group, 1-ni 
troethyl group, 2-nitroethyl group, 2-nitroisobutyl group, 
1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dini 
tro-t-butyl group and 1,2,3-trinitropropyl group. 

[0053] Examples of the heterocyclic group include 1-pyr 
rolyl group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl 
group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl 
group, 1-indolyl group, 2-indolyl group, 3-indolyl group, 
4-indolyl group, S-indolyl group, 6-indolyl group, 7-indolyl 
group, 1-isoindolyl group, 2-isoindolyl group, 3-isoindolyl 
group, 4-isoindolyl group, S-isoindolyl group, 6-isoindolyl 
group, 7-isoindolyl group, 2-furyl group, 3-furyl group, 
2-benZofuranyl group, 3-benZofuranyl group, 4-benZofura 
nyl group, S-benzofuranyl group, 6-benZofuranyl group, 
7-benZofuranyl group, 1-isobenZofuranyl group, 3-isoben 
Zofuranyl group, 4-isobenZofuranyl group, S-isobenzofura 
nyl group, 6-isobenZofuranyl group, 7-isobenZofuranyl 
group, 2-quinolyl group, 3-quinolyl group, 4-quinolyl 
group, S-quinolyl group, 6-quinolyl group, 7-quinolyl 
group, 8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl 
group, 4-isoquinolyl group, S-isoquinolyl group, 6-iso 
quinolyl group, 7-isoquinolyl group, 8-isoquinolyl group, 
2-quinoxanyl group, S-quinoxanyl group, 6-quinoxanyl 
group, 1-carbaZolyl group, 2-carbaZolyl group, 3-carbaZolyl 
group, 4-carbaZolyl group, 9-carbaZolyl group, 1-phenan 
thridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl 
group, 4-phenanthridinyl group, 6-phenanthridinyl group, 
7-phenanthridinyl group, 8-phenanthridinyl group, 
9-phenanthridinyl group, 10-phenanthridinyl group, 
1-acridinyl group, 2-acridinyl group, 3-acridinyl group, 
4-acridinyl group, 9-acridinyl group, 1,7-phenanthrolin-2-yl 
group, 1,7-phenanthrolin-3-yl group, 1,7-phenanthrolin-4-yl 
group, 1,7-phenanthrolin-5-yl group, 1,7-phenanthrolin-6-yl 
group, 1,7-phenanthrolin-8-yl group, 1,7-phenanthrolin-9-yl 
group, 1,7-phenanthrolin-10-yl group, 1,8-phenanthrolin-2 
yl group, 1,8-phenanthrolin-3-yl group, 1,8-phenanthrolin 
4-yl group, 1,8-phenanthrolin-5-yl group, 1,8-phenanthro 
lin-6-yl group, 1,8-phenanthrolin-7-yl group, 1,8 
phenanthrolin-9-yl group, 1,8-phenanthrolin-10-yl group, 
1,9-phenanthrolin-2-yl group, 1,9-phenanthrolin-3-yl group, 
1,9-phenanthrolin-4-yl group, 1,9-phenanthrolin-5-yl group, 
1,9-phenanthrolin-6-yl group, 1,9-phenanthrolin-7-yl group, 
1,9-phenanthrolin-8-yl group, 1,9-phenanthrolin-10-yl 
group, 1,10-phenanthrolin-2-yl group, 1,10-phenanthrolin 
3-yl group, 1,10-phenanthrolin-4-yl group, 1, 10-phenan 
throlin-S-yl group, 2,9-phenanthrolin-1-yl group, 2,9 
phenanthrolin-3-yl group, 2,9-phenanthrolin-4-yl group, 
2,9-phenanthrolin-5-yl group, 2,9-phenanthrolin-6-yl group, 
2,9-phenanthrolin-7-yl group, 2,9-phenanthrolin-8-yl group, 
2,9-phenanthrolin-10-yl group, 2,8-phenanthrolin-1-yl 
group, 2,8-phenanthrolin-3-yl group, 2,8-phenanthrolin-4-yl 
group, 2,8-phenanthrolin-5-yl group, 2,8-phenanthrolin-6-yl 
group, 2,8-phenanthrolin-7-yl group, 2,8-phenanthrolin-9-yl 
group, 2,8-phenanthrolin-10-yl group, 2,7-phenanthrolin-1 
yl group, 2,7-phenanthrolin-3-yl group, 2,7-phenanthrolin 
4-yl group, 2,7-phenanthrolin-5-yl group, 2,7-phenanthro 
lin-6-yl group, 2,7-phenanthrolin-8-yl group, 2,7 
phenanthrolin-9-yl group, 2,7-phenanthrolin-10-yl group, 
1-phenaZinyl group, 2-phenaZinyl group, 1-phenothiaZinyl 
group, 2-phenothiaZinyl group, 3-phenothiaZinyl group, 
4-phenothiaZinyl group, 10-phenothiaZinyl group, 1-phe 
noxaZinyl group, 2-phenoxaZinyl group, 3-phenoxaZinyl 



US 2003/0077480 A1 

group, 4-phenoxaZinyl group, 10-phenoxaZinyl group, 2-ox 
aZolyl group, 4-oxaZolyl group, 5-oxaZolyl group, 2-oxadia 
Zolyl group, 5-oxadiaZolyl group, 3-furaZanyl group, 2-thie 
nyl group, 3-thienyl group, 2-methylpyrrol-1-yl group, 
2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 
2-methylpyrrol-5-yl group, 3-methylpyrrol-1-yl group, 
3-methylpyrrol-2-yl group, 3-methylpyrrol-4-yl group, 
3-methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2 
phenylpropyl)pyrrol-1-yl group, 2-methyl-1-indolyl group, 
4-methyl-1-indolyl group, 2-methyl-3-indolyl group, 4-me 
thyl-3-indolyl group, 2-t-butyl-1-indolyl group, 4-t-butyl-1 
indolyl group, 2-t-butyl-3-indolyl group and 4-t-butyl-3 
indolyl group. 

[0054] The aryloxyl group is represented by —OZ. 
Examples of the group represented by Z include phenyl 
group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group, 
2-anthryl group, 9-anthryl group, 1-phenanthryl group, 
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl 
group, 9-phenanthryl group, 1-naphthacenyl group, 2-naph 
thacenyl group, 9-naphthacenyl group, 1-pyrenyl group, 
2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl group, 3-bi 
phenylyl group, 4-biphenylyl group, p-terphenyl-4-yl group, 
p-terphenyl-3-yl group, p-terphenyl-2-yl group, m-terphe 
nyl-4-yl group, m-terphenyl-3-yl group, m-terphenyl-2-yl 
group, o-tolyl group, m-tolyl group, p-tolyl group, p-t 
butylphenyl group, p-(2-phenylpropyl)phenyl group, 3-me 
thyl-2-naphthyl group, 4-methyl-1-naphthyl group, 4-me 
thyl-1-anthryl group, 4‘-methylbiphenylyl group, 4“-t-butyl 
p-terphenyl-4-yl group, 2-pyrrolyl group, 3-pyrrolyl group, 
pyradinyl group, 2-pyridinyl group, 3-pyridinyl group, 4-py 
ridinyl group, 2-indolyl group, 3-indolyl group, 4-indolyl 
group, S-indolyl group, 6-indolyl group, 7-indolyl group, 
1-isoindolyl group, 3-isoindolyl group, 4-isoindolyl group, 
S-isoindolyl group, 6-isoindolyl group, 7-isoindolyl group, 
2-furyl group, 3-furyl group, 2-benZofuranyl group, 3-ben 
Zofuranyl group, 4-benZofuranyl group, 5-benZofuranyl 
group, 6-benZofuranyl group, 7-benZofuranyl group, 
1-isobenZofuranyl group, 3-isobenZofuranyl group, 
4-isobenZofuranyl group, 5-isobenZofuranyl group, 
6-isobenZofuranyl group, 7-isobenZofuranyl group, 
2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 
S-quinolyl group, 6-quinolyl group, 7-quinolyl group, 
8-quinolyl group, 1-isoquinolyl group, 3-isoquinolyl group, 
4-isoquinolyl group, S-isoquinolyl group, 6-isoquinolyl 
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxa 
nyl group, S-quinoxanyl group, 6-quinoxanyl group, 1-car 
baZolyl group, 2-carbaZolyl group, 3-carbaZolyl group, 
4-carbaZolyl group, 1-phenanthridinyl group, 2-phenan 
thridinyl group, 3-phenanthridinyl group, 4-phenanthridinyl 
group, 6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
10-phenanthridinyl group, 1-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin 
3-yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthro 
lin-S-yl group, 1,8-phenanthrolin-6-yl group, 1,8 
phenanthrolin-7-yl group, 1,8-phenanthrolin-9-yl group, 
1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin-2-yl 
group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl 
group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl 
group, 1,9-phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl 
group, 1, 9-phenanthrolin-10-yl group, 1,10-phenanthrolin 
2-yl group, 1, 10-phenanthrolin-3-yl group, 1,10-phenan 
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throlin-4-yl group, 1, 10-phenanthrolin-5-yl group, 2,9 
phenanthrolin-1-yl group, 2,9-phenanthrolin-3-yl group, 
2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl group, 
2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl group, 
2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10-yl 
group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3-yl 
group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5-yl 
group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7-yl 
group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin-10 
yl group, 2,7-phenanthrolin-1-yl group, 2,7-phenanthrolin 
3-yl group, 2,7-phenanthrolin-4-yl group, 2,7-phenanthro 
lin-S-yl group, 2,7-phenanthrolin-6-yl group, 2,7 
phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 
2,7-phenanthrolin-10-yl group, 1-phenaZinyl group, 
2-phenaZinyl group, 1-phenothiaZinyl group, 2-phenothiaZi 
nyl group, 3-phenothiaZinyl group, 4-phenothiaZinyl group, 
1-phenoxaZinyl group, 2-phenoxaZinyl group, 3-phenoxaZi 
nyl group, 4-phenoxaZinyl group, 2-oxaZolyl group, 4-ox 
aZolyl group, 5-oxaZolyl group, 2-oxadiaZolyl group, S-oxa 
diaZolyl group, 3-furaZanyl group, 2-thienyl group, 3-thienyl 
group, 2-methylpyrrol-1 -yl group, 2-methylpyrrol-3-yl 
group, 2-methylpyrrol-4-yl group, 2-methylpyrrol-5 -yl 
group, 3-methylpyrrol-1 -yl group, 3-methylpyrrol-2-yl 
group, 3-methylpyrrol-4-yl group, 3-methylpyrrol-5 -yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyr 
rol-1-yl group, 2-methyl-1-indolyl group, 4-methyl-1-in 
dolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group, 
2-t-butyl-3-indolyl group and 4-t-butyl-3-indolyl group. 

[0055] Examples of the aryl group include phenyl group, 
naphthyl group, anthryl group, phenanthryl group, naph 
thaceyl group and pyrenyl group. Examples of the substitu 
ent to the aryl group include halogen atoms, hydroxyl group, 
substituted or unsubstituted amino groups described above, 
nitro group, cyano group, substituted or unsubstituted alkyl 
groups described above, substituted or unsubstituted alkenyl 
groups described above, substituted or unsubstituted 
cycloalkyl groups described above, substituted or unsubsti 
tuted alkoxyl groups described above, substituted or unsub 
stituted aromatic hydrocarbon groups described above, sub 
stituted or unsubstituted aromatic heterocyclic groups 
described above, substituted or unsubstituted aralkyl groups 
described above, substituted or unsubstituted aryloxyl 
groups described above, substituted or unsubstituted alkoxy 
carbonyl groups described above and carboxyl group. 

[0056] As the metal complex, the complex represented by 
the folloWing general formula (7) is also preferable. 

[0057] In the above general formula (7), x represents 1 or 
2 When k represents 1 and represents 1 When k represents 2 
and m represents a number of 1 to 6. L‘ represents a group 
represented by —R‘, —Ar‘, —OR‘, —OAr‘, —OR‘Ar‘, 
—OC(O)R‘, —OC(O)Ar‘, —OP(O)R‘2, —SeAr‘, —TeAr‘, 
—SAr‘, —X‘, —OP(O)Ar‘2, —OS(O2)R‘, —OS(O2)Ar‘, 
—OSiR‘3, —OB(OR‘)2, —OSiAr‘3, —OAr‘O— or 
—OC(O)Ar‘C(O)O—, Wherein R‘ represents a hydrocarbon 
group having 1 to 6 carbon atoms, X‘ represents a halogen 
atom, Ar‘ represents an aryl group having 6 to 36 carbon 
atoms and, When k and x represent 1, the ligand is not 
phenol. Q‘ represents a substituted 8-quinolinolato ligand 
and RS represents a substituent to the 8-quinolinolato ring. 

[0058] In general formula (7), examples of the hydrocar 
bon group, the halogen and the aryl group include the atoms 
and the groups described as the examples of the correspond 
ing atoms and groups in the above. 
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[0059] Speci?c examples of the metal complex include 
compounds expressed by the following formulae (1) to (32): 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

l 
l 
l 
l 
l 
l 
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(7) 

(8) 

(9) 

(10) 

(11) 

(12) 
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-continued 

(13) 

(14) 

(15) 

(17) 

(19) 

(20) 
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(21) 

(22) 

(23) 

(24) 

(26) 

(28) 
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-continued 

(30) 
(29) 

(32) 

(26) 

(28) 

(30) 
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[0060] In the present invention, it is preferable that the 
layer of an organic thin ?lm comprises a light emitting layer 
comprising a diarylanthracene derivative or a diarylbisan 
thracene derivative and the hole transporting layer adjacent 
to the light emitting layer comprises an N,N,N‘,N‘-tetra(bi 
phenyl)diaminoarylene derivative. 

[0061] By laminating the layer comprising a speci?c N,N, 
N‘,N‘-tetra(biphenyl)diaminoarylene derivative to the light 
emitting layer, the balance betWeen the amounts of electrons 
and holes is improved. Therefore, injection of holes into the 
electron injecting layer is suppressed and deterioration of the 
electron injecting layer is prevented. As the result, the 
organic EL device can exhibit a higher efficiency and have 
a longer life. 

[0062] In the present invention, further improvements in 
the performance can be achieved by laminating the layer 
comprising a speci?c N,N,N‘,N‘-tetra(biphenyl)diami 
noarylene derivative and further by using a layer of a metal 
complex having an energy gap of 2.8 eV or greater as the 
electron injecting layer. 

[0063] As the N,N,N‘,N‘-tetra(biphenyl)diaminoarylene 
derivative, compounds represented by the folloWing general 
formulae (10) and (11) are preferable. 

R10 

R1 631 Mo 

Q31 W0 

(31) 

(32) 

(10) 

QC) o 
) 
@ 

R1 

to P 

WC) 
[0064] In the above general formula (10), R1‘ to R9‘ each 
independently represent hydrogen atom, an alkyl group 
having 1 to 6 carbon atoms, an alkoXyl group having 1 to 6 
carbon atoms or a substituted or unsubstituted phenyl group, 
the atom or the groups represented by R1‘ to R9‘ may be the 
same With or different from each other, pairs of groups 
represented by R1‘ and R2‘, R2‘ and R4‘, R3‘ and R4‘, R5‘ and 
R6‘, R6‘ and R8‘, R7‘ and R8‘, R2‘ and R9‘, R4‘ and R9‘, R6‘ and 
R9‘ and R8‘ and R9‘ may be bonded to each other to form a 
ring and p represents an integer of 1 to 4. 

(11) 

R16’ 
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[0065] In the above general formula (11), R10‘ to R17‘ each 
independently represent hydrogen atom, an alkyl group 
having 1 to 6 carbon atoms, an alkoxyl group having 1 to 6 
carbon atoms or a substituted or unsubstituted phenyl group, 
the atom or the groups represented by R10‘ to R17‘ may be the 
same With or different from each other, pairs of groups 
represented by R10‘ and R11‘, R11‘ and R13‘, R12‘ and R13‘, 
R 4‘ and R15‘, R15‘ and R17‘ and R16‘ and R17‘ may be bonded 
to each other to form a ring and the formed ring may further 
have a substituent. 

[0066] Preferable examples of the N,N,N‘,N‘-tetra(biphe 
nyl)diaminoarylene derivative include N,N,N‘,N‘-tetra(4-bi 
phenyl)diaminoarylenes. Preferable examples of the arylene 
include biphenylene, ?uorenyl, terphenylene and quaterphe 
nylene Which may be substituted or unsubstituted. 

[0067] The organic EL device of the present invention has 
a laminate structure having one or more organic layers 
laminated betWeen the electrodes. Examples of the structure 
include structures of an anode/a light emitting layer/a cath 
ode, an anode/a hole transporting layer/a light emitting 
layer/an electron transporting layer/a cathode, an anode/a 
hole transporting layer/a light emitting layer/a cathode and 
an anode/a light emitting layer/an electron transporting 
layer/a cathode. The compound described in the present 
invention may be used in any of the above layers of an 
organic thin ?lm and may also be used by doping into other 
hole transporting materials, light emitting materials and 
electron transporting materials. 

[0068] In the organic EL device of the present invention, 
it is preferable that a region transporting electrons or an 
interface region betWeen the cathode and a layer of an 
organic thin ?lm comprises a reducing dopant. The reducing 
dopant is de?ned as a substance Which reduces an electron 
transporting compound. Therefore, various types of sub 
stances can be used as long as the substance has the speci?c 
reducing property. For example, at least one substance 
selected from the group consisting of alkali metals, alkaline 
earth metals, rare earth metals, oxides of alkali metals, 
halides of alkali metals, oxides of alkaline earth metals, 
halides of alkaline earth metals, oxides of rare earth metals, 
halides of rare earth metals, organic complexes of alkali 
metals, organic complexes of alkaline earth metals and 
organic complexes of rare earth metals can be used. 

[0069] Examples of the reducing dopant include at least 
one alkali metal selected from the group consisting of Na 
(the Work function: 2.36 eV), K (the Work function: 2.28 
eV), Rb (the Work function: 2.16 eV) and Cs (the Work 
function: 1.95 eV) and at least one alkaline earth metal 
selected from the group consisting of Ca (the Work function: 
2.9 eV), Sr (the Work function: 2.0 to 2.5 eV) and Ba (the 
Work function: 2.52 eV). Among these reducing dopants, 
reducing dopants having a Work function of 2.9 eV or 
smaller are preferable. More preferable reducing dopants are 
at least one alkali metal selected from the group consisting 
of K, Rb and Cs. Still more preferable reducing dopants are 
Rb and Cs and the most preferable reducing dopant is Cs. 
These alkali metals have high reducing ability and the 
luminance of emitted light and the life of the organic EL 
device are improved by adding these alkali metals in a 
relatively small amount into the region of electron injection. 
As the reducing dopant having a Work function of 2.9 eV or 
smaller, combinations of tWo or more alkali metals are 
preferable and combinations including Cs such as combi 
nations of Cs and Na, Cs and K, Cs and Rb, and Cs, Na and 
K are more preferable. When Cs is include in the combina 
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tion, the reducing ability can be ef?ciently exhibited and the 
luminance of emitted light and the life of the organic EL 
device can be improved by adding the combination into the 
region of electron injection. 

[0070] In the present invention, an electron injecting layer 
constituted With an insulating material or a semiconductor 
may be disposed betWeen the cathode and the layer of an 
organic thin ?lm. By disposing the electron injecting layer, 
leak of electric current can be effectively prevented and the 
electron injecting property can be improved. It is preferable 
that at least one metal compound selected from the group 
consisting of alkali metal chalcogenides, alkaline earth 
metal chalcogenides, alkali metal halides and alkaline earth 
metal halides is used as the insulating material. It is pref 
erable that the electron injecting layer is constituted With the 
alkali metal chalcogenide or the like since the electron 
injecting property can be further improved. Preferable 
examples of the alkali metal chalcogenide include Li2O, 
LiO, NaZS, NaZSe and NaO. Preferable examples of the 
alkaline earth chalcogenide include CaO, BaO, SrO, BeO, 
BaS and CaSe. Preferable examples of the alkali metal 
halide include LiF, NaF, KF, LiCl, KCl and NaCl. Preferable 
examples of the alkaline earth metal halide include ?uorides 
such as CaF2, BaF2, SrF2, MgF2 and BeF2 and halides other 
than the ?uorides. 

[0071] Examples of the semiconductor constituting the 
electron transporting layer include oxides, nitrides and oxide 
nitrides containing at least one element selected from Ba, 
Ca, Sr, Yb,Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn used 
singly or as a combination of tWo or more. It is preferable 
that the inorganic compound constituting the electron trans 
porting layer is in the form of a ?ne crystalline or amorphous 
insulating thin ?lm. When the electron transporting layer is 
constituted With the above insulating thin ?lm, a more 
uniform thin ?lm can be formed and defects of pixels such 
as dark spots can be decreased. Examples of the inorganic 
compound include the alkali metal chalcogenides, the alka 
line earth metal chalcogenides, the alkali metal halides and 
the alkaline earth metal halides Which are described above. 

[0072] The anode of the organic EL device plays the role 
of injecting holes into the hole transporting layer or the light 
emitting layer. It is effective that the anode has a Work 
function of 4.5 eV or greater. Examples of the material of the 
anode used in the present invention include indium tin oxide 
alloys (ITO), tin oxides (NESA), gold, silver, platinum and 
copper. As the cathode, a material having a small Work 
function is preferable so that electrons can be injected into 
the electron transporting layer or the light emitting layer. 

[0073] The material of the cathode is not particularly 
limited. Examples of the material of the cathode include 
indium, aluminum, magnesium, magnesium-indium alloys, 
magnesium-aluminum alloys, aluminum-lithium alloys, alu 
minum-scandium-lithium alloys and magnesium-silver 
alloys. 

[0074] The process for forming the layers in the organic 
EL device of the present invention is not particularly limited. 
Aconventional process such as the vacuum vapor deposition 
and the spin coating can be used. The layer of an organic thin 
?lm containing the light emitting compound represented by 
the above general formula (1) Which is used in the present 
invention can be formed in accordance With the vacuum 
vapor deposition process or the molecular beam epitaxy 
process (the MBE process). The layer of an organic thin ?lm 
can be formed also from a solution prepared by dissolving 
the material into a solvent in accordance With a conventional 
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coating process such as the dipping process, the spin coating 
process, the casting process, the bar coating process and the 
roll coating process. 

[0075] The thickness of each layer in the layer of an 
organic thin ?lm in the organic EL device of the present 
invention is not particularly limited. In general, an exces 
sively thin layer tends to have defects such as pin holes and 
an excessively thick layer requires a high applied voltage to 
decrease the efficiency. Therefore, a thickness in the range of 
several nm to 1 pm is preferable. 

[0076] The present invention Will be described more spe 
ci?cally With reference to examples in the folloWing. HoW 
ever, the present invention is not limited to the examples. 

SYNTHESIS EXAMPLE 1 

[0077] Into a ?ask, 1.0 g of trimethoxygallium and 40 ml 
of anhydrous ethanol Were placed and stirred. To the result 
ant solution, 0.84 g of 4-hydroxybiphenyl Was added and the 
obtained mixture Was stirred at 80° C. for 7 hours. Major 
portions of the solid substance separated as precipitates Were 
dissolved into a hot ethanol and the resultant solution Was 
?ltered. The obtained ?ltrate Was concentrated and the 
resultant concentrate Was dried in vacuo to obtain 1.5 g of 
a yelloWish White poWder. The yelloWish White poWder Was 
analyZed in accordance With the mass analysis and found to 
be gallium chelate compound (28) shoWn above. The energy 
gap Was measured from absorption end of the light absorp 
tion spectrum and found to be 2.95 eV. 
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SYNTHESIS EXAMPLE 2 

[0078] The same procedures as those conducted in Syn 
thesis Example 1 Were conducted except that 0.59 g of 
4-cyanophenol Was used in place of 0.84 g of 4-hydroxy 
biphenyl and 1.4 g of a yelloWish White poWder Was 
obtained. The yelloWish White poWder Was analyZed in 
accordance With the mass analysis and found to be gallium 
chelate compound (17) shoWn above. The energy gap Was 
measured from absorption end of the light absorption spec 
trum and found to be 2.96 eV. 

SYNTHESIS EXAMPLE 3 

[0079] The same procedures as those conducted in Syn 
thesis Example 1 Were conducted except that 0.47 g of 
phenol Was used in place of 0.84 g of 4-hydroxybiphenyl 
and 1.3 g of a yelloWish White poWder Was obtained. The 
yelloWish White poWder Was analyZed in accordance With 
the mass analysis and found to be gallium chelate compound 
(27) shoWn above. The energy gap Was measured from 
absorption end of the light absorption spectrum and found to 
be 2.93 eV. 

[0080] The chemical structures of the compounds used in 
Examples and Comparative Examples are shoWn in the 
folloWing. The ioniZation energy and the electron affinity of 
these compounds are shoWn in Table 1. 






















