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that a hole transporting zone provided between the electrodes
comprises the phenylenediamine derivative represented by
the specific structural formulae, and the phenylenediamine
derivative has a hole mobility of 10™* cm?/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

[0001] This is a divisional application of U.S. application
Ser. No. 11/201,263, filed Aug. 11, 2005, which is a continu-
ation application of U.S. application Ser. No. 10/331,645,
filed Dec. 31, 2002, which is a divisional of U.S. Application
Ser. No. 09/530,597 filed May 9, 2000, which is National
Stage of PCT/JP99/04794 filed Sep. 3, 1999.

TECHNICAL FIELD

[0002] 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 elec-
trodes and an organic light emitting layer sandwiched in the
electrodes, and a phenylenediamine derivative used as a mate-
rial for the organic EL device and the like.

BACKGROUND ART

[0003] 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.

[0004] A problem on applying the organic EL device to a
display is to make the driving voltage being a lower voltage.
For example, by using a dendrimer 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 ion-
ization potential of 5.2 eV owing to the phenylenediamine
skeleton, and exhibits an effect of lowering the driving volt-
age.

[0005] However, the compound having a phenylenedi-
amine skeleton has a small hole mobility of 3x107> cm?/Vs,
and therefore the driving voltage in the region of high electric
current injection is insufficiently lowered.

[0006] A high molecular weight aromatic amine compound
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
insufficient. It is expected that the hole mobility be lowered
due to the mixing of impurities.

[0007] Thatis, in the fluorescent spectrum of the compound
disclosed in JP-A-9-301934 (FIG. 1), a light emission com-
ponent having a maximum fluorescent wavelength peak of
500 nm or higher is observed, which is not present originally.
This shows that impurities are mixed. Furthermore, the volt-
age 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.

[0008] Furthermore, because it has a green fluorescent
component, when the compound is used in the hole transport-
ing zone of a blue light emitting device, blue light emission
cannot be obtained due to mixing of green light emission
component.

[0009] International Patent Publication WO98/30071 (pub-
lished on Jul. 9, 1998) discloses an organic electrolumines-
cence device using a compound similar to the present inven-
tion, 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.
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DISCLOSURE OF THE INVENTION

[0010] 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.

[0011] Another object of the invention is to provide a mate-
rial having a small ionization potential and exhibits a large
hole mobility when it is used as a layer or a zone.

[0012] 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 electrodes
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~* cm?/V-s on using as a layer or a zone,
and the organic light emitting layer contains a charge injec-
tion auxiliary.

General formula (I)
AL Ar®
X, Y

/N —Art
Ar? AP

(Ar' to ArS 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 thioether bond, a substi-
tuted or unsubstituted vinyl bond, or an aromatic heterocyclic
ring. R* and R? 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 unsub-
stituted saturated S-membered ring or a saturated 6-mem-
bered ring.)

General formula (IT)

N
AT N2

(Ar” to Ar'? represent an aryl group having from 6 to 24
nucleus carbon atoms, which may be substituted with hydro-
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gen 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 thioether bond, an aro-
matic heterocyclic ring, or a substituted or unsubstituted vinyl
bond. R?* and R* 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 unsub-
stituted saturated 5-membered ring or a saturated 6-mem-
bered ring.)

General formula (IT)

Arl! "Ar

(Ar’ to Ar'? 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 thioether bond, an aro-
matic heterocyclic ring, or a substituted or unsubstituted vinyl
bond. R” and R® 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 unsub-
stituted saturated 5-membered ring or a saturated 6-mem-
bered ring.)

[0013] Thehole 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™* ¢cm?*V's or more under an
electric field of from 10* to 10° V/cm. Specific 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.

[0014] In the invention, the compound represented by the
general formulae (1), (IT) and (II)' has a phenylenediamine
skeleton and has a small ionization potential, and furthermore
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 transporting
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.

[0015] Furthermore, in the invention, a light emitting layer
containing a charge injection auxiliary is necessarily used.
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[0016] The charge injection auxiliary herein means a com-
pound having an ionization energy that is smaller than the
ionization energy of the main material forming the light emit-
ting 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 auxil-
iary, 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.

[0017] As the charge injection auxiliary, a compound, such
as a styrylamine derivative, a distyrylarylene derivative, a
tristyrylarylene derivative, a diamine derivative and the like,
can be used, and particularly, a compound having an ioniza-
tion energy of from 5.0 to 5.6 eV is preferred. The charge
injection auxiliary may emit light in response to the recom-
bination 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.

[0018] 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)'.

[0019] 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)".

[0020] In the foregoing, at least one of Ar' to Ar® in the
general formula (I) is preferably a condensed aromatic ring
having from 10to 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.

[0021] Onthe other hand, the compound of the invention is
a phenylenediamine derivative represented by the general
formula (III).

General formula (IIT)
R’ RS
AlS / \ ArlS

Ar13—N\ N— Al

Arl4 Arl7

(Ar'® to Ar'® 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 substi-
tuted or unsubstituted vinyl bond, or an aromatic heterocyclic
ring. R” and R® 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 unsub-
stituted saturated S-membered ring or a saturated 6-mem-
bered ring.)
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[0022] Furthermore, the compound of the invention is a
phenylenediamine derivative represented by the general for-
mula (IV).

General formula (IV)

x
Ar23/N\A124

(Ar'® to Ar** 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 thioether bond, an aro-
matic heterocyclic ring, or a substituted or unsubstituted vinyl
bond. R® and R'° 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 unsub-
stituted saturated 5-membered ring or a saturated 6-mem-
bered ring.)

[0023] Alternatively, the compound of the invention is a
phenylenediamine derivative represented by the general for-
mula (V).

General formula (V)

(Ar*® to Ar’° 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
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carbon atoms, alkylene having from 1 to 6 carbon atom(s),
diphenylmethylene, an ether bond, a thioether bond, an aro-
matic heterocyclic ring, or a substituted or unsubstituted vinyl
bond. R'! and R'? 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 unsub-
stituted saturated S-membered ring or a saturated 6-mem-
bered ring.)

BRIEF DESCRIPTION OF THE DRAWING

[0024] FIG. 1 is a diagram showing a fluorescent spectrum
of'the phenylenediamine derivative of the invention, STBA-1.

BEST MODE FOR CARRYING OUT THE

INVENTION
[0025] Embodiments of the invention will be described
below.
(Organic EL Device)

(A) Phenylenediamine Derivative

[0026] The phenylenediamine derivative used in the
organic EL device of the invention is a compound represented
by the general formulae (1), (IT) and (II)'.

[0027] Inthe general formulae (I), (IT) and (II)', 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.

[0028] Examples of the alkyl group having from 1 to 6
carbon atoms include methyl, ethyl, n-propyl, i-propyl, n-bu-
tyl, s-butyl, t-butyl, n-pentyl, n-hexyl and the like.

[0029] 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.

[0030] 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.

[0031] X inthegeneral formula (I),Y inthe general formula
(II) and Y in the general formula (II)' 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 thioether bond or an
aromatic heterocyclic ring.

[0032] Examples of the arylene having from 6 to 24 nucleus
carbon atoms include phenylene, biphenylene, naphtylene,
anthranylene, terphenylene, pyrenylene and the like.

[0033] Examples of the alkylene having from 1 to 6 carbon
atoms include methylene, isopropylene, cyclopropylene,
cyclohexylene, cyclopentalene and the like.

[0034] 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, triazole,
oxazole, quinoline, quinoxaline, pyrimidine and the like.
[0035] Inthe compound of the general formula (I), at least
one of Ar' to Ar° 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 con-
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densed aromatic ring include naphthyl, anthranyl, pyrenyl,
phenanthryl and the like, and in particular, a naphthyl group is
preferred.

[0036] 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, and in particular, 2,2-
diphenylvinyl-1-yl is preferred.
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[0037] Because the compound of the invention is contained
in the hole transporting zone of the device, it has a hole
mobility of 10™* em*/ Vs or more under an electric field of
from 10* to 10° V/em.

[0038] Specific examples of the phenylenediamine deriva-
tive represented by the general formula (I) include the follow-
ing compounds shown by (PD-01) to (PD-59) and (STBA-1).
The invention is not limited to them.

PD-01
O
N
ENO
&
PD-02
O
s
PD-03
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[0039] Specific examples of the phenylenediamine deriva-
tive represented by the general formula (II) and general for-
mula (II)' include the following compounds shown by (PT-
01) to (PT-25), and (PT-26) to (PT-31), respectively. The
invention is not limited to them.
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[0040] Because the compound of the general formulae (1),
(IT) and (II)" has a small ionization potential, impurities are
liable to be mixed, such as oxidation on purifying, and the
hole mobility may be decreased by the impurities in some
cases.

[0041] That is, in the method of JP-A-9-301934, because
impurities are mixed in the high molecular weight aromatic
amine compound as observed in the fluorescent spectrum, a
sufficient hole mobility cannot be obtained due to traps and
the like.

[0042] Ontheotherhand, as a result of earnest investigation
by the inventors with respect to the purification method of the
compound, it has been found that a pure compound can be
obtained by using a toluene/hexane series solvent as a solvent
for column purification. According to the purification
method, a compound obtained that has a higher purity than
the method disclosed in JP-A-9-301934 using a halogen
series solvent on column purification.

[0043] Furthermore, by conducting sublimation purifica-
tion under high vacuum of 0.01 mmHg or less, a pure phe-
nylenediamine dimer exhibiting a fluorescent spectrum,
which is shown as in FIG. 1, having a peak wavelength within
the range of from 400 to 480 nm can be obtained. The inven-
tors have confirmed that a hole mobility of 10~* cm?/V's or
more is obtained only by the phenylenediamine dimer of the
invention exhibiting blue or violet fluorescence (peak wave-
length: 400 to 480 nm).

(B) Structure and Materials of Organic EL Device

[0044] Upon producing the organic EL. device by using the
compound of the invention, the structure and the materials
that are generally used for producing an organic EL device
can be employed.

[0045] Suitable structure and materials therefor will be
described below.

(1) Structure of Organic EL. Device

[0046] Representative examples of the structure of an
organic EL device used in the invention are shown below. Of
course, the invention is not limited to them.

(1) anode/light emitting layer/cathode

(i1) anode/hole injection layer/light emitting layer/cathode
(iii) anode/light emitting layer/electron injection layer/cath-
ode

(iv) anode/hole injection layer/light emitting layer/electron
injection layer/cathode

(v) anode/organic semiconductor layer/light emitting layer/
cathode

(vi) anode/organic semiconductor layer/electron barrier
layer/light emitting layer/cathode

(vii) anode/organic semiconductor layer/light emitting layer/
adhesion improving layer/cathode

(viii) anode/hole injection layer/hole transporting layer/light
emitting layer/electron injection layer/cathode

[0047] Among these, the structure (viii) is generally pre-
ferred.
[0048] The compound of the invention is contained in the

hole transporting zone of these constituting components. The
amount to be contained is selected from the range of from 30
to 100 mol %.
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(2) Light Transmitting Substrate

[0049] The organic EL device of the invention is produced
on a light transmitting substrate. The light transmitting sub-
strate herein is a substrate supporting the organic EL device,
and is preferably a flat substrate having a transmittance to a
visible light of from 400 to 700 nm of 50% or more.

[0050] Specific examples thereof include a glass plate, a
polymer plate and the like. Examples of the glass plate par-
ticularly include soda lime glass, barium-strontium-contain-
ing glass, lead glass, aluminosilicate glass, borosilicate glass,
barium borosilicate glass, quartz and the like. Examples of the
polymer plate include polycarbonate, acryl, polyethylene-
terephthalate, polyether sulfone, polysulfone and the like.

(3) Anode

[0051] Asthe anode, a metal, an alloy, an electroconductive
compound and a mixture thereofhaving a large work function
(4 eV or more) are preferably employed. Specific examples of
such an electrode material include a metal, such as Au and the
like, and an electroconductive material, such as Cul, ITO,
SnO,, ZnO and the like.

[0052] The anode can be produced by forming a thin film of
the electrode material by a vapor deposition method, a sput-
tering method or the like.

[0053] In the case where the light emitted from the light
emitting layer is obtained from the anode, it is preferred that
the transmittance of the anode to the emitted light is 10% or
more. The sheet resistance of the anode is preferably several
hundreds ohm per square or less. The film thickness of the
anode is generally selected, while depending on the material,
from the range of from 10 nm to 1 um, and preferably from 10
to 200 nm.

(4) Organic Light Emitting Layer

[0054] Thelight emitting layer of the organic EL device has
the following functions in combination. That is, there are

(1) injection function; a function in that under an electric field,
a hole can be injected from a hole injection layer, and an
electron can be injected from a cathode or an electron injec-
tion layer,

(i1) transporting function; a function of transporting the
injected charges (the electron and the hole) by the force of the
electric field, and

(iii) light emitting function; a function of providing a field of
recombination between the electron and the hole to promote
light emission.

[0055] There may be a difference between the liability of
injecting the hole and the liability of injecting the electron,
and there may be variety in transporting abilities represented
by mobility of the hole and the electron, but it is preferred that
one of the charges migrates.

[0056] The light emitting material of the organic EL. device
is mainly an organic compound, and specific examples are
shown below depending on desired colors.

[0057] Inthe case where light emission from ultraviolet to
violet region is obtained, the compounds represented by the
following general formula can be exemplified.
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[0058] In the general formula, X represents the following [0061] The compounds represented by the general formu-
compound. lae may be a phenyl group, a phenylene group or a naphthyl
group substituted with a single or plural groups, such as an

\/>/ alkyl group having from 1 to 4 carbon atom(s), an alkoxy
\

group, a hydroxyl group, sulfonyl, a carbonyl group, an
amino group, a dimethylamino group, a diphenylamino group

and the like.
[0059] Herein, nis 2,3, 4 or 5. [0062] They may be bonded to each other to form a satu-
[0060] Y represents the following compound. rated 5-membered ring or a saturated 6-membered ring.

Those bonded to a phenyl group, a phenylene group or a

X / naphthyl group at the para-position is preferred for forming a
/ \\/ = flat vapor deposition film owing to the good bonding property.
/ [0063] Specifically, the following compounds are exempli-

fied. In particular, a p-quarterphenyl derivative and a p-quin-
quephenyl derivative are preferred.

tBu

tBu

tBu

A
OO0
OO OO0
OO0 A O-O- Oy
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tBu tBu
tBu tBu
[0064] Inorder to obtain light emission of from blue color abbreviated as DTBPBBI), 4,4'-bis(2,2-diphenylvinyl)biphe-

to green color, a fluorescent whitening agent, such as a ben-
zothiazole series, a benzoimidazole series, a benzoxazole
series and the like, a metal-chelated oxinoid compound, and a
styrylbenzene series compound.

[0065] As shown by the specific compound names, for
example, those disclosed in JP-A-59-194393 can be exempli-
fied. Other useful compounds are listed in Chemistry of Syn-
thetic Dyes, 1971, pp. 628 to 637 and 640.

[0066] As the metal-chelated oxinoid compound, for
example, those disclosed in JP-A-63-295695 can be used.
Representative examples thereof include an 8-hydroxyquino-
line series metallic complex, such as tris(8-quinolyl)alumi-
num (hereinafter abbreviated as Alq) and the like, dilithiume-
pndolidione and the like.

[0067] As the styrylbenzene series compound, for example,
those disclosed in European Patent No. 0,319,881 and FEuro-
pean Patent No. 0,373,582 can be used.

[0068] A distyrylpyrazine derivative disclosed in JP-A-2-
252793 can be used as a material for the light emitting layer.
[0069] As other examples, for example, a polyphenyl series
compound disclosed in European Patent No. 0,387,715 can
also be used as a material for the light emitting layer.

[0070] Other than the fluorescent whitening agent, the
metal-chelated oxinoid compound, the styrylbenzene series
compound and the like, for example, 12-phthaloperinone (J.
Appl. Phys.,vol. 27,1713 (1988)), 1,4-diphenyl-1,3-butadi-
ene and 1,1,4,4-tetraphenyl-1,3-butadiene (Appl. Phys. Lett.,
vol. 56, 1799 (1990)), a naphthalimide derivative (JP-A-2-
305886), a perylene derivative (JP-A-2-189890), an oxadia-
zole derivative (JP-A-2-216791, or an oxadiazole derivative
disclosed by Hamada et al. in the 38th United Lectures relat-
ing to Applied Physics), an aldazine derivative (JP-A-2-
220393), a pyraziline derivative (JP-A-2-220394), a cyclo-
pentadiene derivative (JP-A-2-289675), a pyrrolopyrrol
derivative (JP-A-2-296891), a styrylamine derivative (Appl.
Phys. Lett.,vol. 5,1.799 (1990)), a coumalin series compound
(JP-A-2-191694), a high molecular weight compound dis-
closed in International Patent Publication W090/13148 and
Appl. Phys. Lett.,vol. 158, 18, p. 1982 (1991) and the like may
also be used as a material for the light emitting layer.

[0071] In the invention, it is preferred to use an aromatic
dimethylidyne series compound (those disclosed in European
Patent No. 0,388,768 and JP-A-3-231970) as a material for
the light emitting layer. Specific examples thereof include
4.4'-bis(2,2-di-t-butylphenylvinyl)biphenyl (hereinafter

nyl (hereinafter abbreviated as DPVBi) and the like, as well as
an derivative thereof.

[0072] Furthermore, a compound represented by the gen-
eral formula (Rs-Q),-Al—O-L disclosed in JP-A-5-258862
can be exemplified. (In the formula, L. represents a hydrocar-
bon having from 6 to 24 carbon atoms containing a phenyl
part, O-L represents a phenolate ligand, Q represents a sub-
stituted 8-quinolinolate ligand, and Rs represents a substitu-
ent on the 8-quinolinolate ring selected to inhibit by steric
hindrance two or more of the substituted 8-quinolinolate
ligands bonded to the aluminum atom.)

[0073] Specific examples thereof include bis(2-methyl-8-
quinolilate)(para-phenylphenolate)aluminum(IIl) (hereinaf-
ter referred to as PC-7), bis(2-methyl-8-quinolilate) (1-naph-
tholate)aluminum(III) (hereinafter referred to as PC-17) and
the like.

[0074] Additionally, a method for obtaining mixed light
emission of blue color and green color with high efficiency
using doping according to JP-A-6-9953 can be exemplified.
In this case, the light emitting materials described in the
foregoing can be exemplified as the host, and a strong fluo-
rescent dye of from blue color to green color, for example, a
coumalin series and the similar fluorescent dye used as the
host, can be exemplified as the dopant.

[0075] Specifically, examples of the host include a light
emitting material having a distyrylarylene skeleton, and par-
ticularly preferably DPVBI, and examples of the dopant
include diphenylaminovinylarylene, and particularly prefer-

ably, for example, N,N-diphenylaminovinylbenzene
(DPAVB).
[0076] A light emitting layer obtaining emission of white

light is not particularly limited, and examples thereof include
the following.

(1) Energy levels of the respective layers of the organic EL.
laminated structure are specified, and light emission is con-
ducted by utilizing tunnel injection. (European Patent No.
0,390,551)

(1) A device utilizes tunnel injection similar to (i) with a white
light emitting device disclosed as an example. (JP-A-3-
230584)

(iii) A light emitting layer having a 2-layer structure is dis-
closed. (JP-A-2-220390 and JP-A-2-216790)

(iv) A light emitting layer is divided into plural parts, each of
which is constituted by materials having different light emis-
sion wavelengths. (JP-A-4-51491)
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(v) A blue light emitting substance (fluorescent peak: 380 to
480 nm) and a green light emitting substance (480 to 580 nm)
are accumulated, and ared fluorescent substance is contained.
(JP-A-6-207170)

(vi) A blue light emitting layer contains a blue fluorescent
dye, a green light emitting layer contains a red fluorescent dye
and a green fluorescent substance. (JP-A-7-142169)

[0077] Among these, the structure (v) is preferably
employed.
[0078] Examples of the red fluorescent substance are

shown below.

iPr

iPr iPr
O O
NC CN
Me O CH=CHO NEt,
ELN : 0
[0079] As a method for forming the light emitting layer

using the material described in the foregoing, a known
method, such as a vapor deposition method, a spin coating
method, an L.B method and the like, can be applied.

[0080] It is particularly preferred that the light emitting
layer is a molecular accumulated film. The molecular accu-
mulated film herein means a thin film formed by depositing
from the material compound in a gaseous state and a film
formed by solidifying from the material compound in a solu-
tion state or a liquid state, and the molecular accumulated film
can be distinguished from a thin film formed by an LB method
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(molecular accumulated film) by the difference in aggrega-
tion structure and high dimensional structure and the func-
tional difference derived therefrom.

[0081] Furthermore, as disclosed in JP-A-57-51781, the
light emitting layer can be formed by dissolving a binder,
such as a resin, and the material compound in a solvent to
form a solution, and then making it to a thin film by a spin
coating method or the like.

[0082] The film thickness of the light emitting layer thus
formed is not particularly limited, and is appropriately
selected depending on the circumstances, and in general, it is
preferably in the range of from 5 nm to 5 um. The light
emitting layer may be constituted by a single layer compris-
ing one or two or more of the materials, or may be formed by
accumulating with a light emitting layer comprising a com-
pound of a different kind from the light emitting layer
described above.

(5) Hole Injection Layer and Hole Transporting Layer

[0083] Thehole injection and transporting layers are layers
assisting the injection of a hole to the light emitting layer and
transporting it to a light emitting region, and has a large hole
mobility and a small ionization energy, which is generally 5.5
eV or less. As the hole injection and transporting layers, a
material transporting a hole to the light emitting layer under a
lower electric field intensity is preferred, and the hole mobil-
ity thereofis preferably at least 10~* cm?®/V-s under an electric
field of from 10* to 10° V/cm.

[0084] As the hole injection and transporting material, the
phenylenediamine derivative represented by the general for-
mula (I) or the general formula (1) is preferably used. In this
case, the sole compound of the invention is used for forming
the hole injection and transporting layers, or the material may
be used by mixing with other materials.

[0085] As the material that is mixed with the compound of
the invention to form the hole injection and transporting lay-
ers is not particularly limited as far as they have the preferred
properties described in the foregoing, and an arbitrary one
may be used selected from those conventionally used as the
charge transporting material of a hole in the photoconductive
material and known ones used in a hole injection layer of an
EL device.

[0086] Specific examples thereof include a triazole deriva-
tive (see U.S. Pat. No. 3,112,197), an oxadiazole derivative
(see U.S. Pat. No. 3,189,447), an imidazole derivative (see
JP-B-37-16096), a polyarylalkane derivative (see U.S. Pat.
No. 3,615,402, U.S. Pat. No. 3,820,989, U.S. Pat. No. 3,542,
544, JP-B-45-555, JP-B-51-10983, JP-A-51-93224, JP-A-
55-17105, JP-A-56-4148, JP-A-55-108667, JP-A-55-
156953 and JP-A-56-36656), a pyrazoline derivative and a
pyrazolone derivative (see U.S. Pat. No. 3,180,729, U.S. Pat.
No. 4,278,749, JP-A-55-88064, JP-A-55-88065, JP-A-49-
105537, JP-A-55-51086, JP-A-56-80051, JP-A-56-88141,
JP-A-57-45545, JP-A-54-112637 and JP-A-55-74546), a
phenylenediamine derivative (see U.S. Pat. No. 3,615,404,
JP-B-51-10105, JP-B-46-3712, IP-B-47-25336, JP-A-54-
53435, IP-A-54-110536 and JP-A-54-119925), an arylamine
derivative (see U.S. Pat. No. 3,567,450, U.S. Pat. No. 3,180,
703, U.S. Pat. No. 3,240,597, U.S. Pat. No. 3,658,520, U.S.
Pat. No. 4,232,103, U.S. Pat. No. 4,175,961, U.S. Pat. No.
4,012,376, IP-B-49-35702, JP-B-39-27577, IP-A-55-
144250, JP-A-56-119132, JP-A-56-22437 and West German
Patent No. 1,110,518), an amino-substituted chalcone deriva-
tive (see U.S. Pat. No. 3,526,501), an oxazole derivative
(those disclosed in U.S. Pat. No. 3,257,203), astyrylan-
thracene derivative (see JP-A-56-46234), a fluorenone
derivative (see JP-A-54-110837), a hydrazone derivative (see
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U.S. Pat. No. 3,717,462, JP-A-54-59143, JP-A-55-52063,
JP-A-55-52064, JP-A-55-46760, JP-A-55-85495, JP-A-57-
11350, JP-A-57-148749 and JP-A-2-311591), a stilbene
derivative (see JP-A-61-210363, JP-A-61-228451, JP-A-61-
14642, JP-A-61-72255, JP-A-62-47646, IJP-A-62-36674,
JP-A-62-10652, JP-A-62-30255, JP-A-60-93455, JP-A-60-
94462, JP-A-60-174749 and JP-A-60-175052), a silazane
derivative (U.S. Pat. No. 4,950,950), a polysilane series (JP-
A-2-204996), ananiline series copolymer (JP-A-2-282263),
an electroconductive high molecular weight oligomer (par-
ticularly a thiophene oligomer) disclosed in JP-A-1-211399,
and the like.

[0087] Those described in the foregoing can be used as the
material for the hole injection layer, and the use of a porphyrin
compound (those disclosed in JP-A-63-2956965), and an aro-
matic tertiary amine compound and a styrylamine compound
(see U.S. Pat. No. 4,127,412, JP-A-53-27033, JP-A-54-
58445, JP-A-54-149634, JP-A-54-64299, JP-A-55-79450,
JP-A-55-144250, JP-A-56-119132, JP-A-61-295558, JP-A-
61-98353 and JP-A-63-295695) is preferred, with the use of
the aromatic tertiary amine compound being particularly pre-
ferred.

[0088] Furthermore, a compound having two condensed
aromatic rings in the molecule disclosed in U.S. Pat. No.
5,061,569, such as 4,4'-bis(N-(1-naphthyl)-N-phenylamino)
biphenyl (hereinafter abbreviated as NPD), and 4,4',4"-tris
(N-(3-methylphenyl)-N-phenylamino)triphenylamine (here-
inafter abbreviated as MTDATA), in which three
triphenylamine units are bonded in a star-burst type disclosed
in JP-A-4-308688 can be exemplified.

[0089] As the material for the light emitting layer, in addi-
tion to the aromatic dimethylidyne compound, an inorganic
compound, such as p-type Si, p-type SiC and the like, can be
used as the material for the hole injection layer.

[0090] The hole injection and transporting layers can be
formed by making the compound into a thin film by a known
method, such as a vacuum vapor deposition method, a spin
coating method, a casting method, an [.B method and the like.
The film thickness of the hole injection and transporting
layers is not particularly limited, and is generally from 5 nm
to 5 pum. When the compound of the invention is contained in
the hole transporting zone, the hole injection and transporting
layers may be constituted by one layer comprising one or two
or more kinds of the materials, or may be formed by accumu-
lating another hole injection and transporting layers compris-
ing the other compound than the hole injection and transport-
ing layers described above.

[0091] The organic semiconductor layer is a layer assisting
injection of a hole or injection of an electron into the light
emitting layer, and preferably has a conductivity of 107'°
S/cm or more. Examples of the material for the organic semi-

OO0
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conductor layer include a conductive dendrimer, such as a
thiophene-containing oligomer, an arylamine-containing oli-
gomer disclosed in JP-A-8-193191, an arylamine-containing
dendrimer and the like.

(6) Electron Injection Layer

[0092] Theelectroninjectionlayer is a layer assisting injec-
tion of an electron into the light emitting layer, and has a large
electron mobility, and the adhesion improving layer is a layer
exhibiting particularly good adhesion to the cathode among
the electron injection layers. As the material used in the
electron injection layer, 8-hydroxyquinoline and a metallic
complex of a derivative thereof.

[0093] Specific examples of 8-hydroxyquinoline and the
metallic complex of a derivative thereof include a metallic
chelate oxinoid compound containing a chelate of oxine (in
general, 8-quinolinol or 8-hydroxyquinoline).

[0094] For example, Alq disclosed for the light emitting
material can be used as the electron injection layer.

[0095] On the other hand, examples of the oxadiazole
derivative include the following electron transmitting com-

pounds.
N—N
P
O

(In the formulae, Ar’', Ar'?, Ar*®, Ar*®, Ar’S and Ar*® each
represents a substituted or unsubstituted aryl group, which
may be the same or different. Ar**, Ar*” and Ar’® represent a
substituted or unsubstituted arylene group, which may be the
same or different.)

[0096] Examples ofthe aryl group include a phenyl group,
a biphenyl group, an anthranyl group, a perylenyl group and
a pyrenyl group. Examples of the arylene group include a
phenylene group, a naphthylene group, a biphenylene group,
an anthranylene group, a perylenylene group, a pyrenylene
group and the like. Examples of the substituent include an
alkyl group having from 1 to 10 carbon atom(s), an alkoxy
group having from 1 to 10 carbon atom(s), a cyano group and
the like. The electron transmitting compound is preferably
those that can be formed into a thin film.

[0097] Specific examples of the electron transmitting com-
pound include the following.
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(7) Cathode

[0098] As the cathode, those comprising a metal, an alloy
and an electroconductive compound having a small work
function (4 eV or less), as well as a mixture thereof as an
electrode substance are employed. Specific examples of the
electrode substance include sodium, a sodium-potassium
alloy, magnesium, lithium, a magnesium-silver alloy, alumi-
nuny/aluminum oxide, an aluminum-lithium alloy, indium, a
rare earth metal and the like.

[0099] The cathode can be produced by forming the elec-
trode substance into a thin film by a method, such as vapor
deposition, sputtering or the like.

[0100] In the case where the light emitted from the light
emitting layer is obtained from the cathode, it is preferred that
the transmittance of the cathode to the emitted light is 10% or
more.

[0101] The sheet resistance of the cathode is preferably
several hundreds ohm per square or less, and the film thick-
ness is generally from 10 nm to 1 pm, and preferably from 50
to 200 nm.

(8) Production of Organic EL Device

[0102] According to the materials and methods described
in the foregoing, an anode, a light emitting layer, a hole
injection layer depending on necessity, and an electron injec-
tion layer depending on necessity are formed, and then a
cathode is further formed, so as to produce the organic EL.
device. Alternatively, the organic EL. device can be produced
from the cathode to the anode in the order contrary to the
above.

[0103] A production example will be described below,
which has a structure comprising a light transmitting sub-
strate having thereon an anode/a hole injection layer/a light
emitting layer/an electron injection layer/a cathode in this
order.

[0104] On asuitable light transmitting substrate, a thin film
comprising an anode material is formed to have a film thick-
ness of 1 um or less, preferably from 10 to 200 nm, by a
method, such as vapor deposition, sputtering or the like, so as
to produce an anode.

[0105] A hole injection layer is then formed on the anode.
While the formation of the hole injection layer can be con-
ducted by a method, such as a vacuum vapor deposition
method, a spin coating method, a casting method, an LB
method and the like, as described in the foregoing, it is pre-
ferred to form by a vacuum vapor deposition method since a
uniform film can be easily obtained and a pinhole is difficult
to form. In the case where the hole injection layer is produced

by the vacuum vapor deposition method, the vapor deposition
conditions vary depending on the compound used (the mate-
rial for the hole injection layer), the crystalline structure and
the association structure of the objective hole injection layer,
and the like. In general, it is preferred that the conditions are
appropriately selected from the temperature of the vapor
deposition source of from 5010 450° C., the degree of vacuum
of from 1077 to 10~ torr, the vapor deposition rate of from
0.01 to 50 nm/sec, the substrate temperature of from -50 to
300° C., and the film thickness of from 5 nm to 5 um.
[0106] The formation of the light emitting layer, in which
the light emitting layer is provided on the hole injection layer,
can be conducted by forming the desired organic light emit-
ting material into a thin film by a method, such as a vacuum
vapor deposition method, sputtering, a spin coating method, a
casting method and the like, and it is preferred to form by a
vacuum vapor deposition method since a uniform film can be
easily obtained and a pinhole is difficult to form. In the case
where the light emitting layer is produced by the vacuum
vapor deposition method, the vapor deposition conditions
vary depending on the compound used, and can be generally
selected from the similar ranges of the conditions as the hole
injection layer.

[0107] The electron injection layer is provided on the light
emitting layer. As similar to the hole injection layer and the
light emitting layer, it is preferred to form by a vacuum vapor
deposition method to necessarily obtain a uniform film. The
vapor deposition conditions may be selected from the similar
ranges of the conditions as the hole injection layer and the
light emitting layer.

[0108] While depending on the layer containing the hole
transporting zone, the compound of the invention can be
subjected to co-vapor deposition with other materials when
the vacuum vapor deposition method is used. When the spin
coating method is used, the other materials can be contained
by mixing.

[0109] The cathode is finally accumulated to obtain the
organic EL device.

[0110] The cathode comprises a metal and can be formed
by avapor deposition method or sputtering. However, in order
to protect the underlying organic layer from damage on form-
ing the film, the vacuum vapor deposition method is pre-
ferred.

[0111] The organic EL device described in the foregoing is
preferably produced with a single shot of evacuation continu-
ously from the anode through the cathode.

[0112] Inthe case where a direct current voltage is applied
to the organic EL device, light emission can be observed
when a voltage of from 5 to 40 V is applied with the anode
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being positive and the cathode being negative. When the
voltage is applied with the reverse polarity, no electric current
flows, and light emission does not occur. Furthermore, when
a alternating current voltage is applied, uniform light emis-
sion is observed when the polarity becomes such a state that
the anode is positive and the cathode is negative. The wave
form of the alternating current may be arbitrary.

(Phenylenediamine Derivative)

[0113] Examples of substituents, which may be added to
the aryl group having from 6 to 24 nucleus carbon atoms in the
general formulae (III), IV) and (V) representing the phe-
nylenediamine dimer of the invention, include an alkyl group
having from 1 to 6 carbon atom(s), an alkoxy group, a styryl
group and the like.

[0114] 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, and a phenyl group and a
naphthyl group are preferred.

[0115] Examples of the alkyl group having from 1 to 6
carbon atom(s) include methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, t-butyl, n-pentyl, n-hexyl and the like.
[0116] 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.

[0117] 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.

[0118] X in the general formula (IIT), Y in the general
formula (IV) and Y in the general formula (V) 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 atoms, diphenylmethylene, an ether bond, a thioether
bond, an aromatic heterocyclic ring or a substituted or unsub-
stituted vinyl bond.

[0119] Examples of the arylene having from 6 to 24 nucleus
carbon atoms include phenylene, biphenylene, naphtylene,
anthranylene, terphenylene, pyrenylene and the like.

[0120] Examples of the alkylene having from 1 to 6 carbon
atom(s) include methylene, isopropylene, cyclopropylene
and the like.

[0121] The diphenylmethylene may be substituted with the
alkyl having from 1 to 6 carbon atom(s) or an alkoxy group.
[0122] Examples of the aromatic heterocyclic ring include
pyrrole, furan, thiophene, schirole, triazine, oxadiazole, tria-
zole, oxazole, quinoline, quinoxaline, pyrimidine and the
like.

[0123] At least one of Ar'® to Ar'® in the general formula
(IIT) represents an aryl group having from 10 to 24 nucleus
carbon atoms, which is substituted with a styryl group, or one
of Ar*®, Ar'® and X is a condensed aromatic ring having from
10 to 24 nucleus carbon atoms, an aromatic heterocyclic ring
or a substituted or unsubstituted vinyl group.

[0124] Examples of the condensed aromatic ring include
naphthyl, anthranyl, pyrenyl, phenanthryl and the like, and in
particular, a naphthyl group is preferred.

[0125] 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-
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diphenylvinyl-1-yl group is preferred. Examples of the
aromatic heterocyclic ring include pyrrole, furan, thiophene,
schirole, triazine, oxadiazole, triazole, oxazole, quinoline,
quinoxaline, pyrimidine and the like.

[0126] Preferred examples of the alkyl group as R” and R®
include methylethyl, i-propyl, t-butyl and the like, and pre-
ferred examples of the alkoxy group include methoxy, ethoxy,
i-propoxy, t-butoxy and the like.

[0127] In the case where X is a single bond, it is preferred
thatR” and R® are bonded to form a divalent group comprising
substituted or unsubstituted fluorene.

[0128] At least one of Ar'® to Ar** in the general formula
(IV) represents an aryl group having from 10 to 24 nucleus
carbon atoms, which is substituted with a styryl group, or one
of Ar'® to Ar** and Y is a condensed aromatic ring having
from 10 to 24 nucleus carbon atoms, an aromatic heterocyclic
ring or a substituted or unsubstituted vinyl group.

[0129] Examples of the condensed aromatic ring include
naphthyl, anthranyl, pyrenyl, phenanthryl and the like, and in
particular, a naphthyl group is preferred.

[0130] 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.

[0131] Examples of the aromatic heterocyclic ring include
pyrrole, furan, thiophene, schirole, triazine, oxadiazole, tria-
zole, oxazole, quinoline, quinoxaline, pyrimidine and the
like.

[0132] Preferred examples of the alkyl group as R® and R*©
include methylethyl, i-propyl, t-butyl and the like, and pre-
ferred examples of the alkoxy group include methoxy, ethoxy,
i-propoxy, t-butoxy and the like.

[0133] In the case where Y is a single bond, it is preferred
that R® and R'° are bonded to form a divalent group compris-
ing substituted or unsubstituted fluorene.

[0134] At least one of Ar*® to Ar’*° in the general formula
(V) represents an aryl group having from 10 to 24 nucleus
carbon atoms, which is substituted with a styryl group, or one
of Ar*® to Ar’® and Y is a condensed aromatic ring having
from 10 to 24 nucleus carbon atoms, an aromatic heterocyclic
ring or a substituted or unsubstituted vinyl group.

[0135] Examples of the condensed aromatic ring include
naphthyl, anthranyl, pyrenyl, phenanthryl and the like, and in
particular, a naphthyl group is preferred.

[0136] 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.

[0137] Examples of the aromatic heterocyclic ring include
pyrrole, furan, thiophene, schirole, triazine, oxadiazole, tria-
zole, oxazole, quinoline, quinoxaline, pyrimidine and the
like.

[0138] Preferred examples ofthe alkyl groupasR'! and R*?
include methylethyl, i-propyl, t-butyl and the like, and pre-
ferred examples of the alkoxy group include methoxy, ethoxy,
i-propoxy, t-butoxy and the like.

[0139] In the case where Y is a single bond, it is preferred
that R'! and R*? are bonded to form a divalent group com-
prising substituted or unsubstituted fluorene.

[0140] Specific examples of the phenylenediamine dimer
represented by the general formula (III) include compound
shown by the following chemical formulae (PD-01") to (PD-
56" The invention is not limited to them.
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[0141] Ithasbeen found that the phenylenediamine deriva-
tive represented by the general formula (III) is particularly
preferred among the derivatives represented by the general
formula (I) That is, in comparison to the conventionally
known ones disclosed in International Patent Publication
WO98/30071, characteristics can be obtained that are not
obtained by the conventional ones, i.e., (1) the compound
having an aryl group containing a styryl group exhibits a long
life time and high fluorescent property upon injection of an
electron, and thus it ca be used as a light emitting material,
and (2) when an electron is injected to the compound where
one of Ar'®, Ar'® and the basic skeleton shown by the follow-
ing chemical formula contains a condensed aromatic ring, an
aromatic heterocyclic ring or a substituted or unsubstituted
vinyl group, it is difficult to be degraded and the life time is
long.

PD-55'

PD-56

[0142] Specific examples of the phenylenediamine dimer
represented by the general formula (IV) and general formula
(V) include compounds shown by the following chemical
formulae (PT-01") to (PT-11") and (PT-23") to (PT-25"); and
(PT-26") to (PT-31"), respectively.
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[0143] Ithasbeen found that the phenylenediamine deriva-
tives represented by the general formula (IV) and the general
formula (V) are particularly preferred. It has been found that
because these compounds is not degraded with high fluores-
cent property upon electron injection, it can be used as a light
emitting material, and further a long life time can be obtained
as ahole injection layer and a hole transporting layer owing to
the resistance to electron injection.

[0144] The effect of the invention will be described based
on specific examples.

EXAMPLE 1
Synthesis of 4-lodotriphenylamine

[0145] 125 g of triphenylamine (produced by Hiroshima
Wako & Co., Ltd.) was dissolved in 5 L of ethanol by heating,
to which 150 g of mercury oxide was added at 60° C., and then
100 g of iodine was gradually added. Thereafter, the reaction
was conducted for 2 hours at a reflux temperature.

[0146] Afterthe reaction, the system was filtered under hot,
and the residue was washed with acetone. The filtrate was
cooled, and crystals thus deposited were filtered out.

[0147] It was purified by using a column carrying silica gel
with toluene as a developing solvent, so as to obtain 52 g of
objective substance.

(Synthesis of PD-01)

[0148] 10 g of 4,4"-diamino-p-terphenylene (produced by
Lancaster Synthesis, [td.), 20 g of 1-iodonaphthalene (pro-
duced by Hiroshima Wako & Co., Ltd.), 20 g of potassium
carbonate, 1 g of copper powder and 100 ml of nitrobenzene
were placed in a 300-ml three-neck flask, and were heated
under stirring at 200° C. for 48 hours.

[0149] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene as a developing solvent, so as to obtain 8.4 g of 4,4"-bis
(1-naphthylamino)-p-terphenylene.

[0150] 5 g thereof, 15 g of 4-iodotriphenylamine, 20 g of
potassium carbonate, 1 g of copper powder and 100 ml of
nitrobenzene were placed in a 300-ml three-neck flask, and
were heated at 200° C. for 60 hours.

[0151] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 0.8 g of pale yellow powder.

[0152] As aresult of FD-MS, peaks of 999 (M+1) and 499
(¥2-M) were obtained with respect to C,,H;,N,=998, and it
was thus determined as PD-01.

EXAMPLE 2
Synthesis of PD-02

[0153] 10 g of 9,10-diaminophenylanthracene (produced
by Wakayama Seika Industries, [.td.), 20 g of 1-iodonaphtha-
lene (produced by Hiroshima Wako & Co., Ltd.), 20 g of
potassium carbonate, 1 g of copper powder and 100 ml of
nitrobenzene were placed in a 300-ml three-neck flask, and
were heated under stirring at 200° C. for 48 hours.
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[0154] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene as a developing solvent, so as to obtain 7.7 g of 9,10-bis
(1-naphthylaminophenyl)anthracene.

[0155] 5 g thereof, 15 g of 4-iodotriphenylamine, 20 g of
potassium carbonate, 1 g of copper powder and 100 ml of
nitrobenzene were placed in a 300-ml three-neck flask, and
were heated at 200° C. for 60 hours.

[0156] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 0.8 g of pale yellow powder.

[0157] Asaresultof FD-MS, peaks 01,099 (M+1)and 549
(2"M) were obtained with respect to Cg,Hs3N,=1,098, and it
was thus determined as PD-02.

EXAMPLE 3
Synthesis of PD-03

[0158] 10 gof 4,4'-diaminodiphenylmethane (produced by
Hiroshima Wako & Co., Ltd.), 20 g of 1-iodonaphthalene
(produced by Hiroshima Wako & Co., Ltd.), 20 g of potas-
sium carbonate, 1 g of copper powder and 100 m1 of nitroben-
zene were placed in a 300-ml three-neck flask, and were
heated under stirring at 200° C. for 48 hours.

[0159] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene as a developing solvent, so as to obtain 9.6 g of bis(4-
(naphthyl-1-yl)aminophenyl)methane.

[0160] 5 g thereof, 15 g of 4-iodotriphenylamine, 20 g of
potassium carbonate, 1 g of copper powder and 100 ml of
nitrobenzene were placed in a 300-ml three-neck flask, and
were heated at 200° C. for 60 hours.

[0161] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 1.2 g of pale yellow powder.

[0162] As aresult of FD-MS, peaks of 937 (M+1) and 468
(*2"M) were obtained with respect to C4oHs,N,=936, and it
was thus determined as PD-03.

EXAMPLE 4
Synthesis of PD-04

[0163] 10 g of 4,4'-diaminodiphenylether (produced by
Hiroshima Wako & Co., Ltd.), 20 g of 1-iodonaphthalene
(produced by Hiroshima Wako & Co., Ltd.), 20 g of potas-
sium carbonate, 1 g of copper powder and 100 m1 of nitroben-
zene were placed in a 300-ml three-neck flask, and were
heated under stirring at 200° C. for 48 hours.

[0164] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
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ene as a developing solvent, so as to obtain 9.2 g of bis(4-
(naphthyl-1-yl)aminophenyl)ether.

[0165] 5 g thereof, 15 g of 4-iodotriphenylamine, 20 g of
potassium carbonate, 1 g of copper powder and 100 ml of
nitrobenzene were placed in a 300-ml three-neck flask, and
were heated at 200° C. for 60 hours.

[0166] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 1.0 g of pale yellow powder.

[0167] As aresult of FD-MS, peaks of 939 (M+1) and 469
(¥2-M) were obtained with respect to CgHs,N,=938, and it
was thus determined as PD-04.

EXAMPLE 5
Synthesis of N-(1-Naphthyl)-4-iododiphenylamine)

[0168] 10 g of N-phenyl-N-(1-naphthyl)amine (produced
by Hiroshima Wako & Co., Ltd.), 20 g of p-fluoronitroben-
zene (produced by Hiroshima Wako & Co., Litd.), 20 g of
potassium carbonate, 1 g of copper powder and 100 ml of
nitrobenzene were placed in a 300-ml three-neck flask, and
were heated under stirring at 200° C. for 48 hours.

[0169] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene as a developing solvent, so as to obtain 9.0 g of N-naph-
thyl-4-nitrodiphenylamine.

[0170] It was placed in an autoclave, to which 100 ml of
DMF and 5 g of 5% Pd/C were added, and hydrogen was
charged to 5 Kg/cm?, followed by stirring. After filtering the
catalyst, 300 ml of a saturated common salt solution was
charged therein, and crystals thus deposited were filtered. The
crystals were recrystallized from toluene, so as to obtain 6.4
g of N-naphthyl-4-aminodiphenylamine.

[0171] 20 ml of concentrated sulfuric acid was cooled to
15° C., to which 3 g of sodium nitrite was added at 30° C. or
lower to be dissolved, and then 100 ml of acetic acid was
added. 5.0 g of N-naphthyl-4-aminodiphenylamine was
added thereto under cooling with ice, and then stirred at room
temperature for 1 hour. Separately, 10 g of potassium iodide
was dissolved in water at 70° C., and the reaction products
were added thereto. After stirring at 70° C. for 30 minutes, it
was then added into 1 L of water, followed by filtering
insoluble matters. It was purified by using a column carrying
silica gel (C-200 produced by Hiroshima Wako & Co., Ltd.)
with toluene as a developing solvent, so as to obtain 2.7 g of
N-(1-naphthyl)-4-iododiphenylamine.

(Synthesis of PD-05)

[0172] 1 g of 9,10-bis(1-naphthylaminophenyl)anthracene
synthesized in Example 2, 2 g of N-(1-naphthyl)-4-iodo-
diphenylamine, 5 g of potassium carbonate, 1 g of copper
powder and 100 ml of nitrobenzene were placed in a 300-ml
three-neck flask, and were heated at 200° C. for 60 hours.

[0173] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
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fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 0.3 g of pale yellow powder.

[0174] Asaresultof FD-MS, peaks 01,199 (M+1)and 599
(Y2-M) were obtained with respect to C,,Hg,N,=1,198, and it
was thus determined as PD-05.

EXAMPLE 6
Synthesis of 4-lodo-3'-methyltriphenylamine

[0175] 3.4 g of 4-iodo-3'-methyltriphenylamine was
obtained in the same manner as in Example 5 except that
(3-methyl)diphenylamine (produced by Hiroshima Wako &
Co., Ltd.) was used instead of N-phenyl(1-naphthyl)amine.

(Synthesis of STBA-1)

[0176] 1 g of N,N'-diphenyl-4,4'-benzidine (produced by
Tokyo Chemical Industry Co., L.td.), 3 g of 4-iodo-3'-meth-
yltriphenylamine, 5 g of potassium carbonate, 1 g of copper
powder and 100 ml of nitrobenzene were placed in a 300-ml
three-neck flask, and were heated at 200° C. for 60 hours.
[0177] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 0.2 g of pale yellow powder.

[0178] As aresult of FD-MS, peaks of 823 (M+1) and 411
(¥2"M) were obtained with respect to C4,H,sN,=822, and it
was thus determined as STBA-1. The fluorescent spectrum of
STBA-1 is shown in FIG. 1.

EXAMPLE 7
Synthesis of 4-lodo-4'-nitrobiphenyl

[0179] 1,500 g of biphenyl (produced by Hiroshima Wako
& Co., Ltd.), 444 g of orthoperiodic acid (produced by
Hiroshima Wako & Co., Ltd.), 987 g of iodine, 5.1 kg of acetic
acid, 147 ml of sulfuric acid and 975 g of water were placed
in a 10-L flask, and heated under stirring at 70° C. for 2 hours.
[0180] After the reaction, 1.3 kg of water was added
thereto, and crystals thus deposited were filtered. The crystals
were recrystallized from 5.5 kg of ethanol to obtain 2,010 g of
crystals.

[0181] The crystals were dissolved in 14 kg of acetic acid,
and 1.8 L of fuming nitric acid was added dropwise at 80° C.,
followed by stirring for 8 hours. After cooling to room tem-
perature, 9.5 kg of methanol was added, and crystals thus
deposited were filtered, which was then recrystallized from
27 kg of toluene, so as to obtain 580 g of 4-iodo-4'"-nitrobi-
phenyl.

(Synthesis of PT-01)

[0182] 2 kg of diphenylamine (produced by Hiroshima
Wako & Co., Ltd.), 500 g of 4-i0do-4'-nitrobiphenyl, 500 g of
anhydrous potassium carbonate, 20 g of copper powder and 2
L of nitrobenzene were placed in a 10-L flask, and were
heated under stirring at 200° C. for 15 hours.

[0183] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene as a developing solvent, so as to obtain 340 g of crystals.
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[0184] The crystals were dissolved in 7 L of DMF, which
was placed in a 10-L autoclave along with 30 g of 5% Pd/C.
Hydrogen was charged to 25 Kg/cm?, and the temperature
was increased to 50° C., followed by stirring for 8 hours with
maintaining at 10to 25 kg/cm?. After filtering the catalyst, the
filtrate was put into water, and the deposited matters were
filtered, which was then recrystallized from 40 L. of toluene to
obtain 283 g of crystals.

[0185] 250 gofthe crystals, 280 g of p-fluoronitrobenzene
(produced by Hiroshima Wako & Co., Ltd.), 500 g of anhy-
drous potassium carbonate, 10 g of copper powder and 1 L of
nitrobenzene were placed in a 5-L flask, and were heated
under stirring at 200° C. for 32 hours.

[0186] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled off.
The residue was purified by using a column carrying silica gel
(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene as a developing solvent, so as to obtain 194 g of crystals.
[0187] The crystals were dissolved in 4 I, of DMF, which
was placed in a 10-L autoclave along with 30 g of 5% Pd/C.
Hydrogen was charged to 25 Kg/cm?, and the temperature
was increased to 50° C., followed by stirring for 8 hours with
maintaining at 10 to 25 kg/cm?. After filtering the catalyst, the
filtrate was put into water, and the deposited matters were
filtered, which was then recrystallized from 20 L of toluene to
obtain 128 g of crystals.

[0188] 100 g of the crystals, 200 g of iodobenzene (pro-
duced by Hiroshima Wako & Co., Ltd.), 250 g of anhydrous
potassium carbonate, 5 g of copper powder and 1 L of
nitrobenzene were placed in a 5-L flask, and were heated
under stirring at 200° C. for 48 hours.

[0189] After the reaction, inorganic matters were filtered
out, and the solvents in the mother liquid were distilled of f.
The residue was purified by using a column carrying silica gel

(C-200 produced by Hiroshima Wako & Co., Ltd.) with tolu-
ene/hexane=1/2 as a developing solvent. It was further puri-
fied by sublimation under vacuum of 0.01 mmHg, so as to
obtain 23 g of pale yellow powder.

[0190] As aresult of FD-MS, peaks of 823 (M+1) and 411
(¥2-M) were obtained with respect to C¢,H,N,=822, and it
was thus determined as PT-01.
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EXAMPLE 8

[0191] An organic EL device was produced by using PD-1
described in the foregoing.

[0192] A transparent anode of indium tin oxide was pro-
vided by coating on glass. The indium tin oxide had a thick-
ness of about 750 A, and the glass has a size of 25 mmx75
mmx1.1 mm.

[0193] This was placed in a vacuum vapor deposition appa-
ratus (produced by ULVAC Japan, [.td.) and the pressure was
reduced to about 107° torr. PD-01 was vapor-deposited
thereon to a thickness of 600 A. The vapor deposition rate
herein was 2 A/sec.

[0194] NPD was then vapor-deposited to a thickness of 200
A. The vapor deposition rate herein was 2 A/sec.

[0195] DPVTP as a light emitting material and DPAVBI as
an carrier injection auxiliary were simultaneously vapor-de-
posited to form a light emitting layer having a thickness of
400 A. The vapor deposition rate of DPVTP was 50 A/sec,
and the vapor deposition rate of DPAVBi was 1 A/sec.

[0196] Furthermore, Alq was vapor-deposited at a vapor
deposition rate of 2 A/sec. Finally, aluminum and lithiumw-
ere simultaneously vapor-deposited to form a cathode having
a thickness of 2,000 A. The vapor deposition rate of alumi-
num was 10 A/sec, and the vapor deposition rate of lithium
was 0.1 A/sec.

[0197] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.2 V. The
voltage increase after driving at a constant current for 100
hours was 0.4V, the driving voltage increase after 1,000 hours
was 0.6V, and the halflife time was 600 hours. The ionization
energy of DPVTP is 5.9 eV, and the ionization energy of
DPAVBI is 5.5 eV.

DPAVBI

EXAMPLE 9

[0198] An organic EL. device was produced in the same
manner as in Example 8 except that PD-02 was used instead
of PD-01.

[0199] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.0 V. The
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voltage increase after driving at a constant current for 100
hours was 0.5V, the driving voltage increase after 1,000 hours
was 0.7 V, and the half life time was 2,000 hours.

EXAMPLE 10

[0200] An organic EL device was produced in the same
manner as in Example 8 except that PD-03 was used instead
of PD-01.

[0201] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.3 V. The
voltage increase after driving at a constant current for 100
hours was 0.4 V, and the driving voltage increase after 1,000
hours was 0.6 V.

EXAMPLE 11

[0202] An organic EL device was produced in the same
manner as in Example 8 except that PD-04 was used instead
of PD-01.

[0203] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.2 V. The
voltage increase after driving at a constant current for 100
hours was 0.4 V, and the driving voltage increase after 1,000
hours was 0.7 V.

EXAMPLE 12

[0204] An organic EL device was produced in the same
manner as in Example 8 except that PD-05 was used instead
of PD-01.

[0205] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.1 V. The
voltage increase after driving at a constant current for 100
hours was 0.5V, the driving voltage increase after 1,000 hours
was 0.6 V, and the half life time was 2,100 hours.

EXAMPLE 13

[0206] An organic EL. device was produced in the same
manner as in Example 8 except that STBA-1 was used instead
of PD-01.

[0207] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.1 V. The
voltage increase after driving at a constant current for 100
hours was 0.4V, the driving voltage increase after 1,000 hours
was 0.6 V, and the half life time was 1,200 hours.

[0208] As described herein, the compound (III) of the
invention exhibited a particularly low driving voltage, a small
voltage increase, and a long half'life time. The results indicate
that the compound (III) of the invention has the excellent
characteristics described in the foregoing in comparison to
STBA-I1.

EXAMPLE 14

[0209] A glass substrate having an ITO coating (produced
by Asahi Glass Company, 15 ohm per square, 1,500 A) was
cut into 25 mmx25 mm, and a clear tape (width: 12 mm)
produced by Scotch Corp. was adhered on the center of the
side of the ITO without biting air bubbles. The substrate was
immersed in a corrosive liquid to form a pattern.

[0210] This was placed in a vacuum vapor deposition appa-
ratus (produced by ULVAC Japan, [.td.) and the pressure was
reduced to about 107° torr. STBA-1 was vapor-deposited
thereon to a thickness of 500 A. The vapor deposition rate
herein was 2 A/sec.

[0211] Alq was then vapor-deposited to a thickness of 500
A at a vapor deposition rate of 2 A/sec.
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[0212] Finally, magnesium and silver were simultaneously
vapor-deposited to form a cathode having a thickness 0f 2,000
A The vapor deposition rate of magnesium was 10 A/sec, and
the vapor deposition rate of silver was 1 A/sec.

[0213] Furthermore, silver was accumulated by vapor
deposition to 1,000 A as an oxidation protective film. The area
of the electrode was 5 mmx5 mm.

[0214] When the resulting device was subjected to light
emission of 100 nit, the driving voltage was 4.8 V.

[0215] The voltage increase after driving at a constant cur-
rent for 100 hours was 0.8 V, and the driving voltage increase
after 1,000 hours was 1.3 V.

EXAMPLE 15

[0216] An organic EL. device was produced in the same
manner as in Example 8 except that PT-01 was used instead of
PD-01.

[0217] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 6.2 V. The
voltage increase after driving at a constant current for 100
hours was 0.3 V, and the driving voltage increase after 1,000
hours was 0.5 V.

EXAMPLE 16

[0218] An organic EL. device was produced in the same
manner as in Example 8. However, STBA-1 was used instead
of PD-01, and as a blue color light emitting material, DPA2
shown by the following chemical formula disclosed in Inter-
national Patent Publication W098/30071 (published on Jul.
9, 1998) was used instead of DPVTP. DPAVBI was added as
a charge injection auxiliary.

[0219] Inthis case, whenthe resulting device was subjected
to light emission of 1,000 nit, the driving voltage was 6.3 V.
The voltage increase after driving at a constant current for 100
hours was 0.4V, the driving voltage increase after 1,000 hours
was 0.7 V, and the half life time was 1,200 hours.

[0220] As comparing an organic ELL device in Comparative
Example 4 described later, to which no charge injection aux-
iliary, DPAVBI, was added, to the organic EL device of this
example, because in the organic EL device of the invention,
the charge injection auxiliary was added to the light emitting
material, and the compound represented by the general for-
mula (I) was used in the hole transporting zone, such charac-
teristics were obtained in that it could be driven at a low
voltage with a low voltage increase after the constant current
driving, and the life time was long.

DPA2
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EXAMPLE 17

[0221] This example is a use example as a light emittin
material. PD-05' was vapor-deposited to a thickness of 800
on glass having indium tin oxide coated thereon. Aluminum
and lithium were then simultaneously vapor-deposited to
form a cathode comprising an aluminum-lithium alloy con-
taining 3 wt % of lithium.

[0222] Whenavoltage of 6.0V was applied on the resulting
light emitting device, a light emission luminance of 400 nit
was obtained. The half life time was 300 hours.

EXAMPLE 18

[0223] A light emitting device was produced in the same
manner as in Example 17 except that PD-35' was used instead
of PD-05.

[0224] Whenavoltage of 5.5V was applied on the resulting
light emitting device, a light emission luminance of 400 nit
was obtained. The half life time was 340 hours.

EXAMPLE 19

[0225] A light emitting device was produced in the same
manner as in Example 17 except that PD-36' was used instead
of PD-05".

[0226] Whenavoltage of 7.0V was applied on the resulting
light emitting device, a light emission luminance of 350 nit
was obtained. The half life time was 250 hours.

EXAMPLE 20

[0227] A light emitting device was produced in the same
manner as in Example 17 except that PD-38' was used instead
of PD-05".

[0228] Whenavoltage of 6.2V was applied on the resulting
light emitting device, a light emission luminance of 280 nit
was obtained. The half life time was 400 hours.

EXAMPLE 21

[0229] A light emitting device was produced in the same
manner as in Example 17 except that PD-44' was used instead
of PD-05".

[0230] Whenavoltage of 8.0V was applied on the resulting
light emitting device, a light emission luminance of 440 nit
was obtained. The half life time was 460 hours.

EXAMPLE 22

[0231] A light emitting device was produced in the same
manner as in Example 17 except that PD-49' was used instead
of PD-05".

[0232] Whenavoltage of 4.7V was applied on the resulting
light emitting device, a light emission luminance of 380 nit
was obtained. The half life time was 340 hours.

EXAMPLE 23

[0233] A light emitting device was produced in the same
manner as in Example 17 except that PD-54' was used instead
of PD-05".

[0234] Whenavoltage of 6.2V was applied on the resulting
light emitting device, a light emission luminance of 250 nit
was obtained. The half life time was 280 hours.

EXAMPLE 24

[0235] A light emitting device was produced in the same
manner as in Example 17 except that PT-01' was used instead
of PD-05".
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[0236] Whenavoltage of 5.3V was applied on the resulting
light emitting device, a light emission luminance of 450 nit
was obtained. The half life time was 400 hours.

EXAMPLE 25

[0237] A light emitting device was produced in the same
manner as in Example 17 except that PT-04' was used instead
of PD-05".

[0238] Whenavoltage of 5.6V was applied on the resulting
light emitting device, a light emission luminance of 280 nit
was obtained. The half life time was 320 hours.

EXAMPLE 26

[0239] A light emitting device was produced in the same
manner as in Example 17 except that PT-08' was used instead
of PD-05".

[0240] Whenavoltage of 4.8V was applied on the resulting
light emitting device, a light emission luminance of 340 nit
was obtained. The half life time was 250 hours.

EXAMPLE 27

[0241] A light emitting device was produced in the same
manner as in Example 17 except that PT-10" was used instead
of PD-05".

[0242] Whenavoltage of 5.7V was applied on the resulting
light emitting device, a light emission luminance of 300 nit
was obtained. The half life time was 280 hours.

EXAMPLE 28

[0243] A light emitting device was produced in the same
manner as in Example 17 except that PT-25' was used instead
of PD-05".

[0244] Whenavoltage of 6.2V was applied on the resulting
light emitting device, a light emission luminance of 320 nit
was obtained. The half life time was 360 hours.

COMPARATIVE EXAMPLE 1

[0245] An organic EL. device was produced in the same
manner as in Example 8 except that NPDATA was used
instead of PD-01.

[0246] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 8.4 V. The
voltage increase after driving at a constant current for 100
hours was 0.5V, and the driving voltage increase after 1,000
hours was 0.7 V.

NPDATA
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COMPARATIVE EXAMPLE 2

[0247] An organic EL device was produced in the same
manner as in Example 8 except that NPD was used instead of
PD-01.

[0248] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 11.8 V. The
voltage increase after driving at a constant current for 100
hours was 1.4V, and the driving voltage increase after 1,000
hours was 3.8 V.

COMPARATIVE EXAMPLE 3

[0249] An organic EL device was produced in the same
manner as in Example 8 except that HI-01 was used instead of
PD-01.

[0250] When the resulting device was subjected to light
emission of 1,000 nit, the driving voltage was 8.1 V. The
voltage increase after driving at a constant current for 100
hours was 0.5V, and the driving voltage increase after 1,000
hours was 0.8 V.

9
9

HI-01

COMPARATIVE EXAMPLE 4

[0251] An organic EL device was produced in the same
manner as in Example 16, provided that the charge injection
auxiliary, DPAVBIi, was not added.

[0252] In this case, when resulting device was subjected to
light emission of 1,000 nit, the driving voltage was 7.0 V. The
voltage increase after driving at a constant current for 100
hours was 1.2 V, and the driving voltage increase after 1,000
hours was 2.0 V. The half life time herein was 800 hours.

COMPARATIVE EXAMPLE 5

[0253] A light emitting device was produced in the same
manner as in Example 17 except that STBA-1 was used
instead of PD-05".

[0254] Whenavoltage of 9.4V was applied on the resulting
light emitting device, a light emission luminance of 170 nit
was obtained. The half life time was 20 hours.

[0255] It was found from the comparison between the
results obtained in the light emitting device of Comparative
Example and the results obtained in the light emitting devices
of Example 18 to Example 23 that in the case where STBA-1
was used, it had an extremely short life time as a light emitting
material. This is because the material is degraded upon injec-
tion of an electron into STBA-1.

[0256] However, the compound represented by the general
formula (II1) of the invention has a long half life time and is
difficult to be degraded on electron injection.

[0257] Therefore, because a small amount of electrons are
injected even in the hole transporting zone, it is preferred that
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the compound represented by the general formula (I11) having
resistance to electron injection is used in the hole transporting
zone.

COMPARATIVE EXAMPLE 6

[0258] A light emitting device was produced in the same
manner as in Example 17 except that PT-01 was used instead
of PD-05".

[0259] Whenavoltage of 8.9V was applied on the resulting
light emitting device, a light emission luminance of 120 nit
was obtained. The half life time was 30 hours.

[0260] Itwasfound from the comparison between the result
obtained in the light emitting device of Comparative Example
6 and the results obtained in the light emitting devices of
Example 24 to Example 28 that while the compound shown
by PT-01 exhibited no resistance to electron injection, the
compounds represented by the general formula (IV) and the
general formula (V) other than PT-01 exhibited resistance to
electron injection. However, in the case where PT-01 is used
in the hole transporting zone as in the embodiment described
above, no problem arises since the electron injection amount
is small and substantially no degrading occur. Furthermore,
when the compounds represented by the general formulae
(I1II), (IV) and (V) having high resistance to electron injection
are used, the life time of the light emitting device itself can be
prolonged.

[0261] Itwas understood from the foregoing results that by
using the compound of the invention in the hole transporting
zone, the production of a long-life organic EL. device having
an extremely reduced voltage required for exhibiting constant
light emission could be realized.

[0262] As a result of purification to avoid impurities, the
voltage increase on driving became extremely small.

INDUSTRIAL UTILITY FIELD

[0263] As described in the foregoing, according to the
invention, a phenylenediamine derivative having a small ion-
ization potential and a large hole mobility can be obtained.
When the phenylenediamine derivative is contained in the
hole transporting layer in the organic light emitting layer
between a pair of electrodes, and the organic light emitting
layer of the organic EL. device is formed with addition of a
charge injection auxiliary, decrease in driving voltage and
prolongation of the life time of the device are realized.

1. An organic electroluminescence device comprising a
pair of electrodes and an organic light emitting layer or zone
sandwiched in said electrodes,

wherein a hole injection layer or zone provided between

said electrodes comprises a phenylenediamine deriva-
tive represented by the general formula (I), the general
formula (II) or the general formula (IT)', said phenylene-
diamine derivative exhibits a fluorescent spectrum hav-
ing a maximum peak wavelength only in a range from
400 to 480 nm, and a hole mobility of 107 cm?/V's on
using as a layer or a zone, and said organic light emitting
layer contains a charge injection auxiliary:

General formula (I)
AL Ar
AV

N—Art
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wherein Ar', Ar*, Ar* and Ar® 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

roup;

and Ar® represent an aryl group having from 6 to 24
nucleus carbon atoms, which 1s substituted with 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, alky-
lene having from 1 to 6 carbon atom(s), diphenylmeth-
ylene, an ether bond, a thioether bond, a substituted or
unsubstituted vinyl bond, or an aromatic heterocyclic
ring; R* and R? 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 satu-
rated 6-membered ring;

General formula (IT)

N
AT N 12

wherein Ar” to Ar'? represent an aryl group having from 6
to 24 nucleus carbon atoms, which may be substituted
with 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 repre-
sents 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 thioether bond, an aromatic heteroc;/clic
ring, or a substituted or unsubstituted vinyl bond; R” and
R* 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 unsub-
stituted saturated S5-membered ring or a saturated
6-membered ring;

General formula (IT)
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wherein Ar” to Ar'? represent an aryl group having from 6
to 24 nucleus carbon atoms, which may be substituted
with 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 repre-
sents 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 thioether bond, an aromatic heterocyclic
ring, ora substituted or unsubstituted vinyl bond; R> and
R® 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 S-membered ring or a saturated
6-membered ring.

2. The organic electroluminescence device according to
claim 1,

wherein at least one of Ar* to Ar® in the general formula (1),
Ar’” to Ar'?in (I) and Ar” to Ar'? in (II)' is a condensed
aromatic ring having from 10 to 24 nucleus carbon
atoms.

3. A phenylenediamine derivative represented by the gen-
eral formula (IV) or (V)

General formula (IV)

Ar23/N\Ar24

wherein Ar'® to Ar** 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, alky-
lene having from 1 to 6 carbon atom(s), diphenylmeth-
ylene, an ether bond, a thioether bond, an aromatic het-
erocyclic ring, or a substituted or unsubstituted vinyl
bond; R® and R'° represent an alkyl group having 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 satu-
rated 6-membered ring, provided that at least one of Ar'®
to Ar** and Y represent an aryl group containing a styryl
group, or one of a basic skeleton shown by the following
chemical formula (2) contains a condensed aromatic
ring, an aromatic heterocyclic ring or a substituted or
unsubstituted vinyl group:
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formula (2)

General formula (V)
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wherein Ar*> to Ar*° 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 atoms, or a styryl group; Y repre-
sents 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 thioether bond, an aromatic heterocyclic
ring, or a substituted or unsubstituted vinyl bond; R**
and R'? 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 satu-
rated 6-membered ring.

4. The phenylenediamine derivative according to claim 3,

which is represented by the formula (IV).

5. An organic electroluminescence device comprising a
pair of electrodes and an organic light emitting layer or zone
sandwiched in said electrodes, wherein a hole transporting
layer or zone provided between said electrodes comprises a
phenylenediamine derivative represented by the general for-
mula (IV), according to claim 4.

6. An organic electroluminescence device comprising a
pair of electrodes and an organic light emitting layer or zone
sandwiched in said electrodes, wherein a hole transporting
layer or zone provided between said electrodes comprises a
phenylenediamine derivative represented by the general for-
mula (V), according to claim 3.
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