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ORGANIC ELECTROLUMINESCENCE 
DEVICE AND ORGANIC LIGHT EMITTING 

MEDIUM 

RELATED APPLICATIONS 

This application is a continuation of application Ser. No. 
11/207,933, ?led Aug. 22, 2005, now US. Pat. No. 7,927, 
716, Which is a division of application Ser. No. 10/617,397, 
?led Jul. 11, 2003, now US. Pat. No. 7,651,786. Priority to 
Japan 2002-211308 ?led Jul. 19, 2002, is claimed. 

TECHNICAL FIELD 

The present invention relates to an organic electrolumines 
cence (“electroluminescence” Will be referred to as “EL”, 
hereinafter) device and an organic light emitting medium, and 
more particularly, to an organic EL device Which exhibits 
excellent purity of color, has excellent heat resistance and a 
long life and e?iciently emits bluish to yelloWish light and an 
organic light emitting medium Which is advantageously used 
for the organic EL device. 

BACKGROUND ART 

An organic EL is a spontaneous light emitting device 
Which utiliZes the principle that a ?uorescent substance emits 
light by energy of recombination of holes injected from an 
anode and electrons injected from a cathode When an electric 
?eld is applied. 

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 a laminate structure using tris(8-hydroxy 
quinolinato)aluminum for the light emitting layer and a triph 
enyldiamine derivative for the hole transporting layer. Advan 
tages 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 struc 
ture of the organic EL device, a tWo-layered structure having 
a hole transporting (injecting) layer and an electron transport 
ing 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 e?iciency of recombination of 
injected holes and electrons in the devices of the laminate 
type, the structure of the device and the process for forming 
the device have been studied. 
As the light emitting material, chelate complexes such as 

tris(8-quinolinato)aluminum, coumarine derivatives, tet 
raphenyl-butadiene 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 develop 
ment of a device exhibiting color images is expected (For 
example, Japanese PatentApplication Laid-Open Nos. Heisei 
8(1996)-239655, Heisei 7(1995)438561 and Heisei 3(1991) 
200289). 

Devices using bisanthracene derivatives as the hole trans 
porting material or the light emitting material are disclosed in 
the US. Pat. No. 3,008,897 and Japanese Patent Application 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Laid-Open No. Heisei 8(1996)-12600. Although bisan 
thracene derivatives can be used as the material emitting blue 
light, the ef?ciency of light emission and the life are insu?i 
cient for practical applications. In Japanese Patent Applica 
tion Laid-Open No. 2001 -207167, a device using an ami 
noanthracene derivative as the material emitting green light is 
disclosed. HoWever, the organic EL device using this material 
cannot be used for the practical applications since the device 
has poor heat resistance due to the loW glass transition tem 
perature of the material and light emission of a long life and 
a high ef?ciency cannot be obtained. Other organic devices of 
a long life and excellent properties are recently reported. 
HoWever, the life and the properties are not alWays suf?cient. 
Therefore, the development of an organic EL device exhibit 
ing more excellent properties have been strongly desired. 

DISCLOSURE OF THE INVENTION 

Under the above circumstances, the present invention has 
an object of providing an organic EL device Which exhibits a 
high purity of color, has excellent heat resistance and a long 
life and ef?ciently emits bluish to yelloWish light and an 
organic light emitting medium Which can be advantageously 
used for the organic EL device. 
As the result of extensive studies by the present inventors to 

achieve the above object, it Was found that, When an organic 
light emitting medium comprised a combination of a speci?c 
arylamine compound and at least one compound selected 
from speci?c anthracene derivatives, spiro?uorene deriva 
tives, compounds having condensed rings and metal complex 
compounds and an organic electroluminescence device had a 
layer of the medium disposed betWeen a pair of electrodes, 
the organic EL device exhibited a high purity of color, had 
excellent heat resistance and a long life and e?iciently emit 
ted bluish to yelloWish light. The present invention has been 
completed based on this knowledge. 
The present invention provides an electroluminescence 

device comprising a pair of electrodes and a layer of an 
organic light emitting medium disposed betWeen the pair of 
electrodes, Wherein the layer of an organic light emitting 
medium comprises: 

(A) at least one compound selected from substituted and 
unsubstituted arylamines having 10 to 100 carbon atoms, and 

(B) at least one compound selected from: 
anthracene derivatives represented by folloWing general 

formula (I): 

Al-L-A2 (I) 

WhereinAl and A2 each independently represent a substituted 
or unsubstituted monophenylanthryl group or a substituted or 

unsubstituted diphenylanthryl group and may represent a 
same group or different groups, and L represents a single 
bond or a divalent bonding group, 

anthracene derivatives represented by folloWing general 
formula (II): 

A3-An-A4 (11) 

WhereinAn represents a substituted or unsubstituted divalent 
anthracene residue group, A3 and A4 each independently rep 
resent a substituted or unsubstituted aryl group having 6 to 40 
carbon atoms, at least one of A3 and A4 represents a substi 
tuted or unsubstituted monovalent condensed aromatic ring 
group or a substituted or unsubstituted aryl group having 10 
or more carbon atoms, and A3 and A4 may represent a same 
group or different groups, 



US 8,334,648 B2 
3 

spiro?uorene derivatives represented by following general 
formula (III): 

A5 

A8_Arl_A6 

,L. 
Wherein Arl represents a substituted or unsubstituted spirof 
luorene residue group, A5 to A8 each independently represent 
a substituted or unsubstituted aryl group having 6 to 40 car 
bon atoms, 

compounds having condensed rings represented by folloW 
ing general formula (V): 

A12 
| 

Wherein Ar2 represents a substituted or unsubstituted aro 
matic ring group having 6 to 40 carbon atoms, A9 to Al 1 each 
independently represent a substituted or unsubstituted 
arylene group having 6 to 40 carbon atoms, A12 to Al4 each 
independently represent hydrogen atom, an alkyl group hav 
ing 1 to 6 carbon atoms, a cycloalkyl group having 3 to 6 
carbon atoms, an alkoxyl group having 1 to 6 carbon atoms, 
an aryloxyl group having 5 to 18 carbon atoms, an aralkyloxyl 
group having 7 to 18 carbon atoms, an arylamino group 
having 5 to 16 carbon atoms, nitro group, cyano group, an 
ester group having 1 to 6 carbon atoms or a halogen atom, and 
at least one of A9 to Al4 represents a group having condensed 
aromatic rings, and 

metal complex compounds. The present invention also pro 
vides an electroluminescence device described above, 
Wherein component (B) is at least one compound selected 
from the anthracene derivatives represented by general for 
mulae (I) and (II) shoWn above. 

The present invention provides an organic light emitting 
medium Which comprises (A) at least one compound selected 
from substituted and unsubstituted arylamines having 10 to 
100 carbon atoms and (B) at least one compound selected 
from anthracene derivatives represented by general formula 
(I) shoWn above, anthracene derivatives represented by fol 
loWing general formula (II) shoWn above, spiro?uorene 
derivatives represented by general formula (III) shoWn above, 
compounds having condensed rings represented by general 
formula (IV) shoWn above and metal complex compounds 
described above. The present invention also provides an 
organic light emitting medium described above, Wherein 
component (B) is at least one compound selected from the 
anthracene derivatives represented by general formulae (I) 
and (II) shoWn above. 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

The organic EL device of the present invention is a device 
having a structure comprising a pair of electrodes and a layer 
of an organic light emitting medium disposed betWeen the 
pair of electrodes. 

In the present invention, an organic light emitting medium 
comprising a combination of (A) at least one compound 
selected from substituted and unsubstituted arylamine com 
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4 
pounds having 10 to 100 carbon atoms and (B) at least one 
compound selected from the anthracene derivatives repre 
sented by the above general formula (I), the anthracene 
derivatives represented by the above general formula (II), the 
spiro?uorene derivatives represented by the above general 
formula (III), the compounds having condensed rings repre 
sented by the above general formula (IV) and the above metal 
complex compounds, is used in the layer of an organic light 
emitting medium. 

Examples of the arylamine compound of component (A) 
include arylamine compounds represented by the folloWing 
general formula (V): 

(V) 

Wherein X3 represents a substituted or unsubstituted con 
densed aromatic ring group having 10 to 40 nuclear carbon 
atoms, Ar5 and Ar6 each independently represent a substituted 
or unsubstituted monovalent aromatic group having 6 to 40 
carbon atoms, and p represents an integer of l to 4. 

In general formula (V), examples of the group represented 
by X3 include residue groups derived from naphthalene, 
phenanthrene, ?uoranthene, anthracene, pyrene, perylene, 
coronene, chrysene, picene, diphenylanthracene, ?uorene, 
triphenylene, rubicene, benZoanthracene, phenylanthracene, 
bisanthracene, dianthracenylbenZene and dibenZoan 
thracene. Among these groups, residue groups derived from 
chrysene, pyrene and anthracene are preferable. 

Examples of the monovalent aromatic group having 6 to 40 
carbon atoms Which is represented by Ar5 and Ar6 include 
phenyl group, naphthyl group, anthranyl group, phenanthryl 
group, pyrenyl group, coronyl group, biphenyl group, terphe 
nyl group, ?uorenyl group, furanyl group, thienyl group, ben 
Zothienyl group, indolyl group and carbaZolyl group. Among 
these groups, phenyl group, naphthyl group, pyrenyl group 
and biphenyl group are preferable. 
As the arylamine compound represented by general for 

mula (V), arylamine compounds represented by the folloWing 
general formula (V-a): 

(Nari) @?AW' 

Milo o4“. 
Wherein X3 is as de?ned in general formula (V), are prefer 
able. 

In the above general formula (V-a), Arl5 to Arl8 each inde 
pendently represent hydrogen atom, a substituted or unsub 
stituted alkyl group having 1 to 50 carbon atoms and prefer 
ably l to 20 carbon atoms, a substituted or unsubstituted aryl 
group having 5 to 50 carbon atoms and preferably 5 to 20 
carbon atoms, a substituted or unsubstituted aralkyl group 
having 7 to 50 carbon atoms and preferably 7 to 40 carbon 
atoms, a substituted or unsubstituted cycloalkyl group having 
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3 to 50 carbon atoms and preferably 5 to 12 carbon atoms, a 
substituted or unsubstituted alkoxyl group having 1 to 50 
carbon atoms and preferably 1 to 6 carbon atoms, a substi 
tuted or unsubstituted aryloxyl group having 5 to 50 carbon 
atoms and preferably 5 to 18 carbon atoms, a substituted or 
unsubstituted arylamino group having 5 to 50 carbon atoms 
and preferably 5 to 18 carbon atoms or a substituted or unsub 
stituted alkylamino group having 1 to 20 carbon atoms and 
preferably 1 to 6 carbon atoms. 

Examples of the substituted or unsubstituted alkyl group 
represented by Arl5 to Arl8 include methyl group, ethyl 
group, propyl group, isopropyl group, butyl group, sec-butyl 
group, tert-butyl group, pentyl group, hexyl group, heptyl 
group, octyl group, stearyl group, 2-phenylisopropyl group, 
trichloromethyl group, tri?uoromethyl group, benZyl group, 
(x-phenoxybenZyl group, 0t,0t-dimethylbenZyl group, 0t,0t 
methylphenylbenZyl group, 0t,0t-ditri?uoromethylbenzyl 
group, triphenylmethyl group and (x-benZyloxybenZyl group. 

Examples of the substituted or unsubstituted aryl group 
represented by Arl5 to Arl8 include phenyl group, 2-meth 
ylphenyl group, 3-methylphenyl group, 4-methylphenyl 
group, 4-ethylphenyl group, biphenyl group, 4-methylbiphe 
nyl group, 4-ethylbiphenyl group, 4-cyclohexylbiphenyl 
group, terphenyl group, 3,5-dichlorophenyl group, naphthyl 
group, 5-methylnaphthyl group, anthryl group and pyrenyl 
group. 

Examples of the substituted or unsubstituted aralkyl group 
represented by Arl5 to Arl8 include benZyl group, 1-phenyl 
ethyl group, 2-phenylethyl group, 1-phenylisopropyl group, 
2-phenylisopropyl group, phenyl-t-butyl group, ot-naphthyl 
methyl group, l-ot-naphthylethyl group, 2-0t-naphthylethyl 
group, l-ot-naphthylisopropyl group, 2-0t-naphthylisopropyl 
group, [3-naphthylmethyl group, 1-[3-naphthylethyl group, 
2-[3-naphthylethyl group, 1-[3-naphthylisopropyl group, 2-[3 
naphthylisopropyl group, l-pyrrolylmethyl group, 2-(1-pyr 
rolyl)ethyl group, p-methylbenZyl group, m-methylbenZyl 
group, o-methylbenZyl group, p-chlorobenZyl group, m-chlo 
robenZyl group, o-chlorobenZyl group, p-bromobenZyl 
group, m-bromobenZyl group, o-bromobenZyl group, p-iodo 
benZyl group, m-iodobenZyl group, o-iodobenZyl group, 
p-hydroxybenZyl group, m-hydroxybenZyl group, o-hy 
droxybenZyl group, p-aminobenZyl group, m-aminobenZyl 
group, o-aminobenZyl group, p-nitrobenZyl group, m-ni 
trobenZyl group, o-nitrobenZyl group, p-cyanobenZyl group, 
m-cyanobenZyl group, o-cyanobenZyl group, 1-hydroxy-2 
phenylisopropyl group and 1-chloro-2-phenylisopropyl 
group. 

Examples of the substituted or unsubstituted cycloalkyl 
group represented by Arl5 to Ar1 8 include cyclopropyl group, 
cyclobutyl group, cyclopentyl group and cyclohexyl group. 

Examples of the substituted or unsubstituted alkoxyl group 
represented by Arl5 to Arl8 include methoxyl group, ethoxyl 
group, propoxyl group, isopropoxyl group, butoxyl group, 
isobutoxyl group, sec-butoxyl group, tert-butoxyl group, 
various types of pentyloxyl groups and various types of hexy 
loxyl groups. 

Examples of the substituted or unsubstituted aryloxyl 
group represented by Arl5 to Arl8 include phenoxyl group, 
tolyloxyl group and naphthyloxyl group. 

Examples of the substituted or unsubstituted arylamino 
group represented by Arl5 to Arl8 include diphenylamino 
group, ditolylamino group, dinaphthylamino group and 
naphthylphenylamino group. 

Examples of the substituted or unsubstituted alkylamino 
group represented by Arl5 to Arl8 include dimethylamino 
group, diethylamino group and dihexylamino group. 

In general formula (V-a), g, h, i and j each represent an 
integer of 0 to 5 and preferably an integer of 0 to 2. Atoms and 
groups represented by a plurality of Ar15 to Arl8 may be the 
same With or different from each other and may be bonded to 
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6 
each other to form a saturated or unsaturated ring When g, h, 
i and j each represent an integer of 2 or greater. n represents an 
integer of 0 to 3. At least one of Ar15 to Arl8 represents a 
substituted or unsubstituted secondary or tertiary alkyl group 
having 3 to 10 carbon atoms. Examples of the secondary or 
tertiary alkyl group include the secondary and tertiary alkyl 
groups among the groups described as the examples of the 
alkyl group represented by Arl5 to Arls. 
As the arylamine compound represented by general for 

mula (V), arylamine compounds represented by the folloWing 
general formula (V-b): 

Q. 
Q Milo 

Wherein X3 , Arl5 to Arls, g, h, i and j are as de?ned in general 
formula (V -a), and atoms and groups represented by a plural 
ity of Ar15 to Ar1 8 may be the same With or different from each 
other and may be bonded to each other to form a saturated or 
unsaturated ring When g, h, i and j each represent an integer of 
2 or greater, are also preferable. 

In general formula (V-b), R24 and R25 each independently 
represent hydrogen atom, a substituted or unsubstituted alkyl 
group having 1 to 10 carbon atoms and preferably 1 to 6 
carbon atoms, a substituted or unsubstituted aryl group hav 
ing 6 to 20 carbon atoms and preferably 6 to 14 carbon atoms, 
a substituted or unsubstituted aralkyl group having 7 to 50 
carbon atoms and preferably 7 to 40 carbon atoms, a substi 
tuted or unsubstituted alkoxyl group having 1 to 50 carbon 
atoms and preferably 1 to 6 carbon atoms or a substituted or 
unsubstituted aryloxyl group having 5 to 50 carbon atoms and 
preferably 5 to 18 carbon atoms. 

Examples of the groups represented by R24 and R25 include 
the groups in Which the number of carbon atoms is Within the 
above range among the groups described as the examples of 
the groups represented by Arl5 to Arls. 

At least one of R24 and R25 represents a substituted or 
unsubstituted secondary or tertiary alkyl group having 3 to 10 
carbon atoms. Examples of the secondary or tertiary alkyl 
group include the secondary and tertiary alkyl groups among 
the groups described as the examples of the alkyl group 
represented by Arl5 to Arl 8. 

In general formula (V -b), k and In each represent an integer 
of 0 to 2. 

In the present invention, the arylamine compound of com 
ponent (A) may be used singly or in combination of tWo or 
more. 

Examples of the sub stituent in the compounds represented 
by general formulae (V), (V-a) and (V-b) include alkyl groups 
having 1 to 6 carbon atoms, cycloalkyl groups having 3 to 6 
carbon atoms, alkoxyl groups having 1 to 6 carbon atoms, 
aryloxyl groups having 5 to 18 carbon atoms, aralkyloxyl 
groups having 7 to 18 carbon atoms, arylamino groups having 
5 to 16 carbon atoms, nitro group, cyano group, ester groups 
having 1 to 6 carbon atoms and halogen atoms. Examples of 
the above groups and atoms include the atoms and groups 
described as the examples of the atoms and the groups repre 
sented by Al2 to Al4 in general formula (IV) described in the 
folloWing. 

In the present invention, the compound of component (B) is 
at least one compound selected from [1] anthracene deriva 
tives represented by the folloWing general formula (I), [2] 
anthracene derivatives represented by the folloWing general 

(v-b) 

l 

TLN 
(1125)"l 
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formula (II), [3] spiro?uorene derivatives represented by the 
following general formula (III), [4] compounds having con 
densed rings represented by the following general formula 
(IV) and [5] metal complex compounds shoWn in the follow 
ing. 

It is preferable that the compound of component (B) is at 
least one compound selected from the anthracene derivatives 
represented by general formulae (1) and (ll). 

[1] Anthracene derivatives represented by general formula 
(I): 

Al-L-A2 (I) 

WhereinAl and A2 each independently represent a substituted 
or unsubstituted monophenylanthryl group or a substituted or 
unsubstituted diphenylanthryl group and may represent the 
same group or different groups, and L represents a single 
bond or a divalent bonding group. 
As the anthracene derivative represented by general for 

mula (I), anthracene derivatives represented by the folloWing 
general formula (l-a) and anthracene derivatives represented 
by the folloWing general formula (l-b) are preferable. 

R3 R7 

i\ , R4 , R8 

(RIM U (Rzh, L1 0/ 

R5 Q R9 Q 
R6 R10 

In the above general formula (l-a), Rl to R10 each indepen 
dently represent hydrogen atom, an alkyl group, a cycloalkyl 
group, an aryl group Which may be substituted, an alkoxyl 
group, an aryloxyl group, an alkylamino group, an alkenyl 
group, an arylamino group or a heterocyclic group Which may 
be substituted, a and b each represent an integer of l to 5, 
atoms or groups represented by a plurality of R1 and R2 may 
be the same With or different from each other and may be 
bonded to each other to form a ring When a and b each 
represent an integer of 2 or greater, groups represented by 
combinations of R3 and R4, R5 and R6, R7 and R8, and R9 and 
R10 may be bonded to each other to form a ring, and L1 
represents a single bond, 40*, iSi, iN(R)i (R repre 
senting an alkyl group or an aryl group Which may be substi 
tuted), an alkylene group or an arylene group. 

(I-b) 

(R11), (Rl6)e 

to 6+6 Q1 
(R1511 (Rwy 
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In the above general formula (l-b), R11 to R20 each inde 

pendently represent hydrogen atom, an alkyl group, a 
cycloalkyl group, an aryl group Which may be substituted, an 
alkoxyl group, an aryloxyl group, an alkylamino group, an 
arylamino group or a heterocyclic group Which may be sub 
stituted, c, d, e and f each represent an integer of l to 5, atoms 
or groups represented by a plurality of R11, R12, R16 and R17 
may be the same With or different from each other and may be 
bonded to each other to form a ring When c, d, e and f each 
represent an integer of 2 or greater, groups represented by 
combinations of R13 and R14, and R1 8 and R19 may be bonded 
to each other to form a ring, and L2 represents a single bond, 
40*, iSi, iN(R)i (R representing an alkyl group or 
an aryl group Which may be substituted), an alkylene group or 
an arylene group. 

That a group may be substituted means the group is sub 
stituted or unsubstituted. 

In the above general formulae (l-a) and (l-b), among the 
groups represented by R1 to R20, alkyl groups having 1 to 6 
carbon atoms, cycloalkyl groups having 3 to 6 carbon atoms, 
aryl groups having 5 to 18 carbon atoms, alkoxyl groups 
having 1 to 6 carbon atoms, aryloxyl groups having 5 to 18 
carbon atoms and alkenyl groups having 1 to 6 carbon atoms 
are preferable; amino groups substituted With an aryl group 
having 5 to 16 carbon atoms are preferable as the arylamino 
group; and triaZole group oXadiaZole group, quinoxaline 
group, furanyl group and thienyl group are preferable as the 
heterocyclic groups. 
As the alkyl group represented by R in iN(R)i Which is 

represented by L1 and L2, alkyl groups having 1 to 6 carbon 
atoms, alkylene groups having 1 to 20 carbon atoms and aryl 
groups having 5 to 18 carbon atoms are preferable. 

[2] Anthracene derivatives represented by general formula 
(II): 

A3-An-A4 (n) 

WhereinAn represents a substituted or unsubstituted divalent 
anthracene residue group, A3 and A4 each independently rep 
resent a substituted or unsubstituted aryl group having 6 to 40 
carbon atoms, at least one of A3 and A4 represents a substi 
tuted or unsubstituted monovalent condensed aromatic ring 
or a substituted or unsubstituted aryl group having 10 or more 
carbon atoms, andA3 andA4 may represent the same group or 
different groups. 

Examples of the aryl group represented by A3 and A4 
include phenyl group, 2-methylphenyl group, 3-methylphe 
nyl group, 4-methylphenyl group, 4-ethylphenyl group, 
biphenyl group, 4-methylbiphenyl group, 4-ethylbiphenyl 
group, 4-cyclohexylbiphenyl group, terphenyl group, 3,5 
dichlorophenyl group and condensed aromatic ring groups 
Which are residue groups derived from naphthalene, phenan 
threne, ?uoranthene, anthracene, pyrene, perylene, coronene, 
chrysene, picene, ?uorene, terphenyl, diphenylanthracene, 
biphenyl, carbaZole, triphenylene, rubicene, benZoan 
thracene, phenylanthracene, bisanthracene, dianthracenyl 
benZene and dibenZoanthracene, Which may be substituted or 
unsubstituted. 
As the anthracene derivative represented by the above gen 

eral formula (II), anthracene derivatives represented by the 
folloWing general formula (ll-a): 

Xl-An-X2 (II-a) 

WhereinAn represents a substituted or unsubstituted divalent 
anthracene residue group and X1 and X2 each independently 
represent a monovalent residue group derived from naphtha 
lene, phenanthrene, ?uoranthene, anthracene, pyrene, 
perylene, coronene, chrysene, picene, diphenylanthracene, 
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carbaZole, triphenylene, rubicene, benZoanthracene, pheny 
lanthracene, bisanthracene, dianthracenylbenZene or diben 
Zoanthracene, Which may be substituted or unsubstituted, are 
preferable. 

[3] Spiro?uorene derivatives represented by general for 
mula (Ill): 

Wherein Arl represents a substituted or unsubstituted spirof 
luorene residue group, A5 to A8 each independently represent 
a substituted or unsubstituted aryl group having 6 to 40 car 
bon atoms. 

Examples of the substituted or unsubstituted aryl group 
represented by A5 to A8 in the above general formula (III) 
include phenyl group, 2-methylphenyl group, 3-methylphe 
nyl group, 4-methylphenyl group, 4-ethylphenyl group, 
biphenyl group, 4-methylbiphenyl group, 4-ethylbiphenyl 
group, 4-cyclohexylbiphenyl group, terphenyl group, 3,5 
dichlorophenyl group, naphthyl group, 5-methylnaphthyl 
group, anthryl group and pyrenyl group. 
As the spiro?uorene derivative represented by the above 

general formula (III), spiro?uorene derivatives represented 
by the folloWing general formula (Ill-a): 

(HI-a) 

A5 A7 

Wherein A5 to A8 each independently represent a substituted 
or unsubstituted biphenyl group or a substituted or unsubsti 
tuted naphthyl group, are preferable. 

[4] Compounds having condensed rings represented by 
general formula (IV): 

A12 
| 

Wherein Ar2 represents a substituted or unsubstituted aro 
matic ring group having 6 to 40 carbon atoms, A9 to Al 1 each 
independently represent a substituted or unsubstituted 
arylene group having 6 to 40 carbon atoms, A12 to Al4 each 
independently represent hydrogen atom, an alkyl group hav 
ing 1 to 6 carbon atoms, a cycloalkyl group having 3 to 6 
carbon atoms, an alkoxyl group having 1 to 6 carbon atoms, 
an aryloxy group having 5 to 18 carbon atoms, an aralkyloxyl 
group having 7 to 18 carbon atoms, an arylamino group 
having 5 to 16 carbon atoms, nitro group, cyano group, an 
ester group having 1 to 6 carbon atoms or a halogen atom, and 
at least one of A9 to Al4 represents a group having condensed 
aromatic rings. 
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10 
Examples of the aromatic ring group represented by Ar2 

include residue groups derived from benZene, biphenyl, ter 
phenyl, phenanthrene, ?uoranthene, anthracene, pyrene, 
perylene, coronene, chrysene, picene, ?uorene, carbaZole, 
rubicene, benZoanthracene and dibenZoanthracene. 

Examples of the arylene group represented by A9 to All 
include divalent residue groups derived from the aromatic 
compounds described above as the examples of the aromatic 
ring group represented by Ar2. 

Examples of the alkyl group having 1 to 6 carbon atoms 
represented by Al2 to Al4 include methyl group, ethyl group, 
propyl group, isopropyl group, butyl group, isobutyl group, 
sec-butyl group, tert-butyl group, various types of pentyl 
group and various types of hexyl group. 

Examples of the cycloalkyl group having 3 to 6 carbon 
atoms represented by Al2 to Al4 include cyclopropyl group, 
cyclobutyl group, cyclopentyl group and cyclohexyl group. 

Examples of the alkoxyl group having 1 to 6 carbon atoms 
represented by Al2 to Al4 include methoxyl group, ethoxyl 
group, propoxyl group, isopropoxyl group, butoxyl group, 
isobutoxyl group, sec-butoxyl group, tert-butoxyl group, 
various types of pentyloxyl groups and various types of hexy 
loxyl groups. 

Examples of the aryloxyl group having 5 to 18 carbon 
atoms represented by Al2 to Al4 include phenoxyl group, 
tolyloxyl group and naphthyloxyl group. 

Examples of the aralkyloxyl group having 7 to 18 carbon 
atoms represented by Al2 to Al4 include benZyloxyl group, 
phenetyloxyl group and naphthylmethoxyl group. 

Examples of the arylamino group having 5 to 16 carbon 
atoms represented by Al2 to Al4 include diphenylamino 
group, ditolylamino group, dinaphthylamino group and 
naphthylphenylamino group. 

Examples of the ester group having 1 to 6 carbon atoms 
represented by Al2 to Al4 include methoxycarbonyl group, 
ethoxycarbonyl group, propoxycarbonyl group and isopro 
poxycarbonyl group. 

Examples of the halogen atoms represented by Al2 to Al4 
include ?uorine atom, chlorine atom and bromine atom. The 
aryl group in the present invention includes styrylphenyl 
group, styrylbiphenyl group and styrylnaphthyl group. 
As the compound having condensed rings represented by 

general formula (IV), compounds having condensed rings 
represented by the folloWing general formula (IV-a): 

(Iv-a) 
A12 

| 
A9 

R21 R23 

A10 A11 
A13/ \A14 

R22 

Wherein A9 to A14 are as de?ned above, R21 to R23 each 
independently represent hydrogen atom, an alkyl group hav 
ing 1 to 6 carbon atoms, a cycloalkyl group having 3 to 6 
carbon atoms, an alkoxyl group having 1 to 6 carbon atoms, 
an aryloxyl group having 5 to 18 carbon atoms, an aralkyloxyl 
group having 7 to 18 carbon atoms, an arylamino group 
having 5 to 16 carbon atoms, nitro group, cyano group, an 
ester group having 1 to 6 carbon atoms or a halogen atom, and 
at least one of A9 to Al4 represents a group having condensed 
aromatic rings having at least 3 rings, are preferable. 
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Examples of the groups represented by R21 to R23 include 
the groups described as the examples of the groups repre 
sented by Al2 to Al4 in general formula (IV). 

Examples of the substituent in the compounds represented 
by the above general formulae (I) to (IV), (I-a), (I-b), (II-a), 
(III-a) and (IV-a) include alkyl groups having 1 to 6 carbon 
atoms, cycloalkyl groups having 3 to 6 carbon atoms, alkoxyl 
groups having 1 to 6 carbon atoms, aryloxyl groups having 5 
to 18 carbon atoms, aralkyloxyl groups having 7 to 18 carbon 
atoms, arylamino groups having 5 to 16 carbon atoms, nitro 
group, cyano group, ester groups having 1 to 6 carbon atoms 
and halogen atoms. Speci?c examples of the above substitu 
ent include the substituents described as the examples of the 
substituents for the groups represented by Al2 to Al4 in the 
above general formula (IV). 

[5] Metal complex compounds 
Examples of the metal complex compound described 

above include 8-hydroxyquinolinatolithium, bis(8-hydrox 
yquinolinato)Zinc, bis(8-hydroxyquinolinato)copper, bis(8 
hydroxyquinolinato)manganese, tris(8-hydroxyquinolinato) 
aluminum, tris(2-methyl-8-hydroxyquinolinato)-aluminum, 
tris(8-hydroxyquinolinato)gallium, bis(l0-hydroxybenZo 
[h] -quinolinato)beryllium, bis(l 0-hydroxybenZo[h] quinoli 
nato)Zinc, bis(2-methyl-8-hydroxyquinolinato)chlorogal 
lium, bis(2-methyl-8-hydroxy-quinolinato)(o-cresolato) 
gallium, bis(2 -methyl-8-hydroxyquinolinato)-(l - 
naphtholato)aluminum and bis(2-methyl-8 
hydroxyquinolinato)-(2-naphtholate)gallium. Among these 
compounds, aluminum chelate complex compounds such as 
tris(8-hydroxyquinolinato)aluminum, tris(2-methyl-8-hy 
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12 
droxyquinolinato)aluminum and bis(2-methyl-8-hydrox 
yquinolinato)(l -naphtholato)aluminum are preferable. 

In the present invention, the anthracene derivative of com 
ponent (B) may be used singly or in combination of tWo or 
more. 

Speci?c examples of the anthracene derivative represented 
by the above general formula (I-a) are shoWn in the folloWing. 

EMl 

EMZ 

(Me: methyl group; similarly in the folloWing formulae) 

EM4 

EMS 
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Speci?c examples of the anthracene derivati epresented 
by the above general formula (l-b) are shown int following. 20 
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Speci?c exa s of the an acene derivatives re r 

sented by the abo general form 11-21) are shown i he 
following. 

EM27 
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Spe ' amples 0 e spiro?uor derivative re - 

sented above ge 1 formula (II - are shown in 

EM42 

EM43 
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EM45 

Speci?c examples of the compound having condensed 30 -Continued 

rings ented by the above general formula (IV-a) are EM47 

shoWn 'n e following. 
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Speci?c examples of the arylamine compounds repre 
sented by the above general formulae (V), (V-a) and (V-b) are 
shown in the following. 

EM57 

EMS 8 

EM59 
Me 
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