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(57) ABSTRACT 

The invention is to provide an organic EL device having a 
long life time that can reduce the driving voltage of the 
organic EL device, and to provide a material having a small 
ionization potential and exhibiting a large hole mobility by 
using as a layer or a Zone. The organic electroluminescence 
device comprises a pair of electrodes and an organic light 
emitting layer sandwiched in the electrodes, characterized in 
that a hole transporting Zone provided betWeen the elec 
trodes comprises the phenylenediamine derivative repre 
sented by the speci?c structural formulae, and the phe 
nylenediamine derivative has a hole mobility of 10'4 cm2/ 
V-s or more upon using as a layer or a Zone, With the organic 
light emitting layer containing a charge injection auxiliary. 
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ORGANIC ELECTROLUMINESCENCE DEVICE 
AND PHENYLENEDIAMINE DERIVATIVE 

TECHNICAL FIELD 

[0001] The present invention relates to an organic elec 
troluminescence device (hereinafter, referred to as organic 
EL device) and a phenylenediamine derivative, and more 
particularly, an organic EL device comprising a pair of 
electrodes and an organic light emitting layer sandWiched in 
the electrodes, and a phenylenediamine derivative used as a 
material for the organic EL device and the like. 

BACKGROUND ART 

[0002] An organic EL device is being earnestly studied 
since it is a complete solid state device and can form a 
display and an illumination of light-Weight and thin-form 
that is driven at a loW voltage. 

[0003] Aproblem on applying the organic EL device to a 
display is to make the driving voltage being a loWer voltage. 
For example, by using adendrimer of an aromatic amine 
disclosed in JP-A-4-308688 as a hole injection material, the 
driving voltage is loWered. The compound has a small 
ioniZation potential of 5.2 eV oWing to the phenylenedi 
amine skeleton, and exhibits an effect of loWering the 
driving voltage. 
[0004] HoWever, the compound having a phenylenedi 
amine skeleton has a small hole mobility of 3x10“5 cm2/V~s, 
and therefore the driving voltage in the region of high 
electric current injection is insufficiently loWered. 

[0005] A high molecular Weight aromatic amine com 
pound disclosed in JP-A-9-301934 has a small ioniZation 
potential of 5.2 eV but has a problem in that the hole 
mobility is insu?icient. It is expected that the hole mobility 
be loWered due to the mixing of impurities. 

[0006] That is, in the ?uorescent spectrum of the com 
pound disclosed in JP-A-9-301934 (FIG. 1), a light emis 
sion component having a maximum ?uorescent Wavelength 
peak of 500 nm or higher is observed, Which is not present 
originally. This shoWs that impurities are mixed. Further 
more, the voltage is increased by 2.7 V With only driving 
time of 76 hours, Which becomes a hindrance of loWering 
the driving voltage. Accordingly, in the device disclosed in 
the publication, the hole mobility is loWered and the driving 
voltage is increased by the impurities. 

[0007] Furthermore, because it has a green ?uorescent 
component, When the compound is used in the hole trans 
porting Zone of a blue light emitting device, blue light 
emission cannot be obtained due to mixing of green light 
emission component. 

[0008] International Patent Publication WO98/30071 
(published on Jul. 9, 1998) discloses an organic electrolu 
minescence device using a compound similar to the present 
invention, but fails to disclose an effect in that a particular 
loW voltage can be obtained on combining With a light 
emitting layer containing a charge injection auxiliary. 

DISCLOSURE OF THE INVENTION 

[0009] An object of the invention is to provide an organic 
EL device having a long life time that can decrease the 
driving voltage of the organic EL device. 
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[0010] Another object of the invention is to provide a 
material having a small ioniZation potential and exhibits a 
large hole mobility When it is used as a layer or a Zone. 

[0011] The invention is an organic electroluminescence 
device comprising a pair of electrodes and an organic light 
emitting layer sandWiched in the electrodes, characteriZed in 
that a hole transporting Zone provided betWeen the elec 
trodes comprises a phenylenediamine derivative represented 
by the general formula (I), the general formula (II) or the 
general formula (II)‘, the phenylenediamine derivative 
exhibits a hole mobility of at least 10-4 cm2/V~s on using as 
a layer or a Zone, and the organic light emitting layer 
contains a charge injection auxiliary. 

General formula (I) 

Ar3 Ar5 

_\R1 R2/_ 

[0012] (Ar1 to Ar6 represent an aryl group having from 6 
to 24 nucleus carbon atoms, Which may be substituted With 
a hydrogen atom, an alkyl or an alkoxy group having from 
1 to 6 carbon atom(s), an aryl group having from 6 to 24 
nucleus carbon atoms, or a styryl group. X represents a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atom(s), diphenylmethylene, an ether bond, a thio 
ether bond, a substituted or unsubstituted vinyl bond, or an 
aromatic heterocyclic ring. R1 and R2 represent an alkyl 
group having from 1 to 6 carbon atom(s), an alkoxy group, 
or a hydrogen atom, Which may be bonded to each other to 
form a substituted or unsubstituted saturated 5-membered 
ring or a saturated 6-membered ring.) 

General formula (II) 

[0013] (Ar7 to Ar12 represent an aryl group having from 6 
to 24 nucleus carbon atoms, Which may be substituted With 



US 2003/0143430 A1 

hydrogen atoms, an alkyl or an alkoxy group having from 1 
to 6 carbon atom(s), an aryl group having from 6 to 24 
nucleus carbon atoms, or a styryl group. Y represents a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atom(s), diphenylmethylene, an ether bond, a thio 
ether bond, an aromatic heterocyclic ring, or a substituted or 
unsubstituted vinyl bond. R3 and R4 represent an alkyl group 
having from 1 to 6 carbon atoms, an alkoxy group, or a 
hydrogen atom, Which may be bonded to each other to form 
a substituted or unsubstituted saturated 5-membered ring or 
a saturated 6-membered ring.) 

General formula (II') 

Ar Ar9 
\ / 
/N N N 

Ar8 Ar10 
| \ 
/\ R6 

Arnjkmiz 
[0014] (Ar7 to Ar12 represent an aryl group having from 6 
to 24 nucleus carbon atoms, Which may be substituted With 
a hydrogen atom, an alkyl or an alkoxy group having from 
1 to 6 carbon atom(s), an aryl group having from 6 to 24 
nucleus carbon atoms, or a styryl group. Y represents a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atom(s), diphenylmethylene, an ether bond, a thio 
ether bond, an aromatic heterocyclic ring, or a substituted or 
unsubstituted vinyl bond. R5 and R6 represent an alkyl group 
having from 1 to 6 carbon atom(s), an alkoxy group, or a 
hydrogen atom, Which may be bonded to each other to form 
a substituted or unsubstituted saturated 5-membered ring or 
a saturated 6-membered ring.) 

[0015] The hole transporting Zone herein means a region 
of the organic EL device that has a function of transporting 
a hole from an anode. The function of transporting a hole is 
that it has a hole mobility of 10'4 cm2/V~s or more under an 
electric ?eld of from 104 to 106 V/cm. Speci?c examples of 
the hole transporting Zone include a hole injecting layer, a 
hole transporting layer and the like, and a light emitting 
layer may be included in some cases. 

[0016] In the invention, the compound represented by the 
general formulae (I), (II) and (II)‘ has a phenylenediamine 
skeleton and has a small ioniZation potential, and further 
more an excellent hole mobility can be ensured by the 
central skeleton shoWn by X and Y. In the invention, because 
the phenylenediamine derivative suitable as a hole injecting 
and transporting material is contained in the hole transport 
ing Zone, the driving voltage of the organic EL device can 
be decreased, and the increase of the driving voltage due to 
continuous driving can be suppressed. 

[0017] Furthermore, in the invention, a light emitting layer 
containing a charge injection auxiliary is necessarily used. 
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[0018] The charge injection auxiliary herein means a 
compound having an ioniZation energy that is smaller than 
the ioniZation energy of the main material forming the light 
emitting layer, and preferably a material assisting hole 
injection by adding in an amount of from 0.1 to 20 Wt % into 
the light emitting layer. By the addition of the charge 
injection auxiliary, the organic EL device of the invention 
can loWer the driving voltage and also can stabiliZe the 
driving voltage. The use of the phenylenediamine and the 
addition of the charge injection auxiliary into the light 
emitting layer bring about the effect that has not been 
obtained. 

[0019] As the charge injection auxiliary, a compound, 
such as a styrylamine derivative, a distyrylarylene deriva 
tive, a tristyrylarylene derivative, a diamine derivative and 
the like, can be used, and particularly, a compound having 
an ioniZation energy of from 5.0 to 5.6 eV is preferred. The 
charge injection auxiliary may emit light in response to the 
recombination of a hole and an electron occurring in the 
light emitting layer, or may exhibit the effect of assisting 
charge injection Without emission of light. 

[0020] The hole transporting Zone preferably has a hole 
injection layer containing the phenylenediamine derivative 
represented by the general formula (I), the general formula 
(II) or the general formula (II)‘. 

[0021] Alternatively, the hole transporting Zone may have 
a hole transporting layer containing the phenylenediamine 
derivative represented by the general formula (I), the general 
formula (II) or the general formula (II)‘. 

[0022] In the foregoing, at least one of Ar1 to Ar6 in the 
general formula (I) is preferably a condensed aromatic ring 
having from 10 to 24 nucleus carbon atoms. According to 
this, the loW voltage driving can be realiZed, and further the 
life time of the device can be prolonged. 

[0023] On the other hand, the compound of the invention 
is a phenylenediamine derivative represented by the general 
formula (III). 

General formula (III) 

R7 R8 
ArlS _/ \ ArlS 
\ / 

Ar13—N 

Arl4 Arl7 

[0024] (Ar13 to Ar18 represent an aryl group having from 
6 to 24 nucleus carbon atoms, Which may be substituted With 
a hydrogen atom, an alkyl or an alkoxy group having from 
1 to 6 carbon atoms, an aryl group having from 6 to 24 
nucleus carbon atoms, or a styryl group. X represents a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atoms, diphenylmethylene, an ether bond, a thioether 
bond, a substituted or unsubstituted vinyl bond, or an 
aromatic heterocyclic ring. R7 and R8 represent an alkyl 
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group having from 1 to 6 carbon atom(s), an alkoXy group, 
or a hydrogen atom, Which may be bonded to each other to 
form a substituted or unsubstituted saturated 5-membered 
ring or a saturated 6-membered ring.) 

[0025] Furthermore, the compound of the invention is a 
phenylenediamine derivative represented by the general 
formula (IV). 

General formula (IV) 

N / 

Ar23 \Ar24 

[0026] (Ar19 to Ar24 represent an aryl group having from 
6 to 24 nucleus carbon atoms, Which may be substituted With 
a hydrogen atom, an alkyl or an alkoXy group having from 
1 to 6 carbon atom(s), an aryl group having from 6 to 24 
nucleus carbon atoms, or a styryl group. Y represents a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atom(s), diphenylmethylene, an ether bond, a thio 
ether bond, an aromatic heterocyclic ring, or a substituted or 
unsubstituted vinyl bond. R9 and R10 represent an alkyl 
group having from 1 to 6 carbon atoms, an alkoXy group, or 
a hydrogen atom, Which may be bonded to each other to 
form a substituted or unsubstituted saturated 5-membered 
ring or a saturated 6-membered ring.) 

[0027] Alternatively, the compound of the invention is a 
phenylenediamine derivative represented by the general 
formula 

General formula (V) 

Ar25\ /Ar27 
Arze \ \Arzs 

/\ R12 

Y—R11 

Arzs LAW 
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[0028] (Ar25 to Ar3O represent an aryl group having from 
6 to 24 nucleus carbon atoms, Which may be substituted With 
a hydrogen atom, an alkyl or an alkoXy group having from 
1 to 6 carbon atom(s), an aryl group having from 6 to 24 
nucleus carbon atoms, or a styryl group. Y represents a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atom(s), diphenylmethylene, an ether bond, a thio 
ether bond, an aromatic heterocyclic ring, or a substituted or 
unsubstituted vinyl bond. R11 and R12 represent an alkyl 
group having from 1 to 6 carbon atoms, an alkoXy group, or 
a hydrogen atom, Which may be bonded to each other to 
form a substituted or unsubstituted saturated 5-membered 

ring or a saturated 6-membered ring.) 

BRIEF DESCRIPTION OF THE DRAWING 

[0029] FIG. 1 is a diagram shoWing a ?uorescent spec 
trum of the phenylenediamine derivative of the invention, 
STBA-1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0030] Embodiments of the invention Will be described 
beloW. 

[0031] (Organic EL Device) 

[0032] (A) Phenylenediamine Derivative 

[0033] The phenylenediamine derivative used in the 
organic EL device of the invention is a compound repre 
sented by the general formulae (I), (II) and (II)‘. 

[0034] In the general formulae (I), (II) and (11)‘, examples 
of the aryl group having from 6 to 24 nucleus carbon atoms 
include a phenyl group, a biphenyl group, a naphthyl group, 
an anthranyl group, a terphenyl group, a pyrenyl group and 
the like. In particular, a phenyl group and a naphthyl group 
are preferred. 

[0035] EXamples of the alkyl group having from 1 to 6 
carbon atoms include methyl, ethyl, n-propyl, i-propyl, 
n-butyl, s-butyl, t-butyl, n-pentyl, n-heXyl and the like. 

[0036] EXamples of the alkoXy group having from 1 to 6 
carbon atom(s) include methoXy, ethoXy, n-propyloXy, i-pro 
pyloXy, n-butoXy, s-butoXy, t-butoXy, n-pentyloXy, n-heXy 
loXy groups and the like. 

[0037] EXamples of the styryl group include 1-phenylvi 
nyl-1-yl, 2-phenylvinyl-1-yl, 2,2-diphenylvinyl-1-yl, 2-phe 
nyl-2-(naphthyl-1-yl)vinyl-1-yl, 2,2-bis(diphenyl-1-yl)vi 
nyl-1-yl groups and the like. In particular, a 2,2 
diphenylvinyl-1-yl group is preferred. 

[0038] X in the general formula (I), Y in the general 
formula (II) and Y in the general formula (11)‘ each is a 
linking group, Which is a single bond, arylene having from 
6 to 24 nucleus carbon atoms, alkylene having from 1 to 6 
carbon atom(s), diphenylmethylene, an ether bond, a thio 
ether bond or an aromatic heterocyclic ring. 
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[0039] Examples of the arylene having from 6 to 24 
nucleus carbon atoms include phenylene, biphenylene, 
naphtylene, anthranylene, terphenylene, pyrenylene and the 
like. 

[0040] Examples of the alkylene having from 1 to-6 
carbon atoms include methylene, isopropylene, cyclopropy 
lene, cyclohexylene, cyclopentalene and the like. 

[0041] The diphenylmethylene may be substituted With 
the alkyl having from 1 to 6 carbon atom(s) or an alkoxy 
group. Examples of the aromatic heterocyclic ring include 
pyrrole, furan, thiophene, schirole, triaZine, oxadiaZole, tria 
Zole, oxaZole, quinoline, quinoxaline, pyrimidine and the 
like. 

[0042] In the compound of the general formula (I), at least 
one of Ar1 to Ar6 preferably represents a condensed aromatic 
ring having from 10 to 24 nucleus carbon atoms or a phenyl 
group substituted With a styryl group. Examples of the 
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condensed aromatic ring include naphthyl, anthranyl, pyre 
nyl, phenanthryl and the like, and in particular, a naphthyl 
group is preferred. 

[0043] Examples of the styryl group include l-phenylvi 
nyl-1-yl, 2-phenylvinyl-1-yl, 2,2-diphenylvinyl-1-yl, 2-phe 
nyl-2-(naphthyl-1-yl)vinyl-1-yl, 2,2-bis(diphenyl-1-yl)vi 
nyl-1-yl groups and the like, and in particular, 2,2 
diphenylvinyl-l-yl is preferred. 

[0044] Because the compound of the invention is con 
tained in the hole transporting Zone of the device, it has a 
hole mobility of 10'4 cm2/V~s or more under an electric ?eld 
of from 104 to 106 V/cm. 

[0045] Speci?c examples of the phenylenediamine deriva 
tive represented by the general formula (I) include the 
folloWing compounds shoWn by (PD-01) to (PD-59) and 
(STBA-l). The invention is not limited to them. 
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