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7) ABSTRACT

The present invention provides a charge transporting mate-
rial, a light emitting material and an organic electrolumi-
nescent device at high efficiency using a specified diazap-
entacene derivative represented by the following general
formula (1):

)

Rg Ro Ry
R7 X3 X Ry
RY N N R,
Rs Y Ryo Y2 Ry

(in the general formula (1), R; to R,, each represents
independently a hydrogen atom, a halogen atom, an alkyl
group of 1 to 6 carbon atoms, an alkoxy group, a substituted
or not-substituted amino group, an aryl group or a hetero-
cyclic group, in which the substituted or not-substituted aryl
group or heterocyclic group, when they are adjacent with
cach other, may be of a structure condensed to each other, X,
and X, each represents independently an oxygen atom or a
sulfur atom, and Y, and Y, each represents independently a
substituted or not-substituted alkyl group of 1 to 6 carbon
atoms, an aryl group or a heterocyclic group).
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CHARGE-TRANSPORTING MATERIAL
CONTAINING DIAZAPENTACENE DERIVATIVE,
LUMINESCENT MATERIAL, AND ORGANIC
ELECTROLUMINESCENT ELEMENT
EMPLOYING THESE

TECHNICAL FIELD

[0001] The present invention relates to a charge transport-
ing material and a light emitting material containing diaza-
pentacene derivative, and an organic electroluminescent
device (hereinafter simply referred to as organic EL device)

BACKGROUND ART

[0002] In recent years, organic EL devices have been
noted as a candidate for flat panel display having high
brightness not found so far and research and development
therefor have been made vigorously. The organic EL device
has the structure in which a light emitting layer containing
a light emitting material is put between two electrodes and
holes injected from an anode and electrons injected from a
cathode are re-combined to emit light in the light emitting
layer.

[0003] The organic EL device includes two types. One
uses a charge transporting material with addition of a
fluorescent dye reported by Tang (C. W. Tang), et al. (Journal
of the Applied Physics (J. Appl. Phys.), 65, 3610 (1989)) and
the other uses the fluorescent dye itself as the fluorescent
layer (for example, device disclosed in Japanese Journal of
the Applied Physics (Jpn. J. Appl. Phys.), 27, 1269 (1988)).

[0004] The organic EL device using the fluorescent dye
itself as the light emitting layer is generally classified into
further three types. In the first type, the light emitting layer
is put between a hole transporting layer and an electron
transporting layer to form three layers. In the second type, a
hole transporting layer and a light emitting layer are lami-
nated into two layers. In the third type, an electron trans-
porting layer and a light emitting layer are laminated into
two layers. It has been known that the luminous efficiency of
the organic EL device is improved by laminating in two
layers or three layers as described above.

[0005] The electron transporting layer in the organic EL
device of each of the constitutions described above contains
an electron conducting compound as one of charge trans-
porting materials and has a function of conducting electrons
injected from a cathode to a light emitting layer. While the
hole injecting layer and the hole transporting layer is a layer
containing a hole conducting compound as one of charge
transporting materials and have a function of conducting the
holes injected from the anode to the light emitting layer,
when the hole transporting layer and/or hole injecting layer
is interposed between the anode and the light emitting layer,
more holes are injected at a lower electric field into the light
emitting layer and, in addition, electrons injected from the
cathode or the electron injecting layer can be confined in the
light emitting layer as well, so that an organic EL device of
excellent luminescent performance such as improved lumi-
nous efficiency can be obtained.
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[0006] As the hole transporting material and the hole
injecting material as one of charge transporting materials
used for the hole transporting layer and the hole injecting
layer of the organic EL device described above while
various materials have been known including tripheny-
lamine derivatives, few of the materials are suitable to
practical use at present. For example, while N,N'-diphenyl-
N,N'-di(3-methylphenyl)-4,4'-diaminobiphenyl (hereinafter
simply referred to as TPD) has been reported (Applied
Physics Letter, Vol. 57, No. 6, pp 531, 1990), the compound
is poor in the heat stability and involves a problem in view
of the life of the device or the like. Various triphenylamines
are described also in U.S. Pat. Nos. 5,047,087, 4,047,948
and 4,536,457, JP-B-6-32307, JP-A-5-234681, JP-A-5-
239455, JP-A-8-87122 and JP-A-8-259940. Among them,
N,N'-di(1-naphthyl)-N,N'-diphenyl-4,4'-diaminobiphenyl

(hereinafter simply referred to as NPD) has been known as
a compound obtained by improving heat stability of TPD.

[0007] JP-A-4-308688, JP-A-6-1972 and Advanced Mate-
rial, vol. 6, p 677, 1994 describe star-burst amine deriva-
tives, and JP-A-7-126226, JP-A-7-126615, JP-A-7-331238,
JP-A-7-97355, JP-A-8-48656 and JP-A-8-100172 and the
Journal of the Chemical Society, Chemical Communication
p 2175, 1996 and the like also describe hole transporting
materials for hole injecting materials improved with heat
resistance. Among them, 4,4',4"-tris{ N-(3-methylphenyl)-N-
phenylamino]triphenylamine as a kind of star burst amine
derivatives (hereinafter simply referred to as MTDATA) has
been used generally as the hole injecting material for organic
EL devices.

[0008] However, organic EL devices using the triary-
lamine derivatives described above have no performance
corresponding to the recent demand for higher performance
at present. One of the major reasons is insufficient ability of
hole injection and, particularly, large ionization potential
value of the hole transporting material. For efficiently inject-
ing holes into the organic layer of the organic EL device, it
is important for a relation between the work function of the
electrode and the ionization potential of the organic com-
pound and lower ionization potential value is more pre-
ferred. For this purpose, it has been demanded for the
development of hole transporting material having small
ionization potential value for improving the performance of
the organic EL device.

[0009] As described above, since the existent charge trans-
porting materials used for organic EL devices have no
practically sufficient performance or involve a problem not
capable of coping with higher efficiency, it has been
demanded for improving the efficiency and the life of the
organic EL device by the use of excellent materials.

[0010] On the other hand, Heterocyclic Communications,
vol. 2, pp 117, 1996 shows a diazapentacene derivative as
the electron donating compound (donor compound) but it
contains no descriptions regarding the organic EL device.

DISCLOSURE OF THE INVENTION

[0011] The present invention intends to provide an organic
EL device, a novel charge transporting material used there-
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for and a light emitting material having a practically suffi-
cient performance and capable of coping with improvement
for the efficiency.

[0012] The present inventors have made an earnest study
for solving the foregoing subjects involved in existent
organic EL devices. As a result, it has been found that an
organic EL device at high efficiency can be obtained by the
use of specific diazapentacene derivatives to a charge trans-
porting material or light emitting material and the present
invention has been accomplished based on the finding
described above.

[0013]

The present invention resides in the following.

[0014] (1) A charge transporting material containing a
diazapentacene derivative represented by the following
general formula (1):

®

Rs Y, Ryp Y, Ry

[0015] (in the general formula (1), R; 1o Ry, each repre-
sents independently a hydrogen atom, a halogen atom, an
alkyl group of 1 to 6 carbon atoms, an alkoxy group, a
substituted or not-substituted amino group, an aryl group or
a heterocyclic group, in which the substituted or not-substi-
tuted aryl group or heterocyclic group, when they are
adjacent with each other, may be of a structure condensed to
each other, X; and X, each represents independently an
oxygen atom or a sulfur atom, and Y, and Y, each represents
independently a substituted or not-substituted alkyl group of
1 to 6 carbon atoms, an aryl group or a heterocyclic group).

[0016] (2) A light emitting material containing a diaza-
pentacene derivative represented by the general for-
mula (1) described in item (1).

[0017] (3) An organic electroluminescent device using a
charge transporting material as described in item (1)
and/or a light emitting material as described in item (2).

[0018] (4) An organic electroluminscent device having
a hole transporting layer in which a charge transporting
material described in item (1) is incorporated in the
hole transporting layer.

[0019] (5) An organic electroluminscent device having
a hole injecting layer in which a charge transporting
material described in item (1) is incorporated in the
hole injecting layer.

[0020] (6) An organic electroluminescent device having
a light emitting material described in item (2) above in
the light emitting layer.
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BEST MODE FOR PRACTICING THE

INVENTION
[0021] The present invention is to be explained more
specifically.
[0022] Specific examples of the diazapentacene deriva-

tives represented by the general formula (1) can include
those compounds represented, for example, by the following
formulae (2) to (9): o
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[0023] The diazapentacene derivatives can be synthesized
by utilizing known synthesis processes and, for example,
can be obtained by the method described in synthetic
examples to be described later.

[0024] The charge transporting material containing the
diazapentacene derivative according to the present invention
is suitable to a hole transporting material and a hole injecting
material. This is attributable to introduction of a phenox-
azine or phenothiazine skeleton in the molecule. Particu-
larly, since diazapentacene according to the present inven-
tion has two such skeletons in the molecule, it has a low
potential value and can provide an organic EL device of
higher efficiency. It is also important that the position for the
introduction of the sleketons, that is, nitrogen atoms situate
on the identical side.

[0025] Further, the organic EL device according to the
present invention has not only high efficiency but also high
durability during storage and driving. This is also one of the
features of the diazapentacene derivative used in the present
invention. As the substituent Y, or Y, in the general formula
(1), an aryl group or a heterocyclic group is preferred but an
alkyl group is somewhat poor in durability. The diazapen-
tacene derivative represented by the general formula (1)
emits fluorescence by itself and also has function as a light
emitting material. For example, the compound represented
by the formula (2) above emits blue fluorescence, and the
compound represented by the formula (4) emits green fluo-
rescence.

[0026] The structure of the organic EL device according to
the present invention includes various kinds of forms and,
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basically, it has a structure of interposing an organic layer
containing the diazapentacene derivative (hereinafter
referred to as a diazapentacene derivative layer) between an
anode and a cathode. Depending on the requirement, a hole
injecting material, a hole transporting material, a light
emitting material, an electron injecting material or an elec-
tron transporting material, etc. used usually for organic EL
devices can be added to the diazapentacene derivative layer.
Further, when the diazapentacene derivative layer is used as
a light emitting layer, light of different wavelength can be
generated or the luminous efficiency can be improved by
adding other light emitting material to the light emitting
layer.

[0027] Further, a hole injecting material, a hole transport-
ing material, a light emitting material, an electron injecting
material or an electron transporting material used usually for
the organic EL device can be laminated, for example, as a
hole injecting layer, a hole transporting layer, a light emit-
ting layer, an electron injecting layer or an electron trans-
porting layer to the diazapentacene derivative layer.

[0028] The concrete constitution can include laminate
structures such as (1) anode/diazapentacene derivative layer/
cathode, (2) anode/diazapentacene derivative layer/light
emitting layer/cathode, (3) anode/diazapentacene derivative
layer/light emitting layer/electron injecting layer/cathode,
(4) anode/hole injecting layer/diazapentacene derivative
layer/light emitting layer/electron injecting layer/cathode,
(5) anode/diazapentacene derivative layer/hole transporting
layer/light emitting layer/electron injecting layer/cathode,
and (6) anode/hole injecting layer/diazapentacene derivative
layer/electron injecting layer/cathode. In the cases, the lumi-
nous efficiency can be improved or the life can be extended
by further disposing an interface layer. The interface layer is
a layer interposed between the electrode and the diazapen-
tacene derivative layer, which functions effectively for pro-
moting the charge injection and improving the durability of
the device.

[0029] In any of the structures described above, the
organic EL device according to the present invention is
preferably supported on a substrate. Any of substrates hav-
ing mechanical strength, heat stability and transparency may
be used and, for example, glass or transparent plastic film
can be used.

[0030] For the anode substance of the organic EL device
according to the present invention, a metal, an alloy, an
electroconductive compound or a mixture of them having a
work function of 4 ¢V or more can be used. Specific
examples can include a metal such as Au, or a conductive
transparent material such as Cul, indium tin oxide (herein-
after simply referred to as ITO), SnO, or ZnO.

[0031] As the cathode substance, a metal, an alloy, an
electrconductive compound and a mixture thereof having a
work function of 4 eV or less can be used. Specific examples
can include, for example, calcium, magnesium, lithium,
aluminum, magnesium alloy, lithium alloy and aluminum
alloy, the alloy including aluminum/lithium, magnesium/
silver or magnesium/indium.

[0032] For improving the luminous efficiency of the
organic EL device, at least one of the electrodes preferably
has a light transmittance of 10% or more. The sheet resis-
tance of the electrode is preferably several hundreds Q/mm
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or less. The film thickness depends on the nature of the
electrode material and is usually selected within a range
from 10 nm to 1 wm, preferably, 10 to 400 nm. Such
electrode can be prepared by forming a thin film using the
electrode substance described above by a method such as
vapor deposition or sputtering.

[0033] As the hole injecting material and the hole trans-
porting material other than the charge transporting material
according to the present invention used for the organic EL
device of the present invention, any of those used custom-
arily so far as the hole charge transporting material or known
charge transporting material used for the hole injecting layer
and the hole transporting layer of organic EL devices can be
selected and used.

[0034] They can include, for example, carbazole deriva-
tives (such as N-phenylcarbazole and polyvinyl carbazole),
triaryl amine derivatives (TPD, polymers having an aro-
matic tertiary amine on the main chain or side chain,
1,1-bis(4-di-p-tolylaminophenyl)cyclohexane, N,N'-diphe-
nyl-N,N'-dinaphthyl-4,4'-diaminobiphenyl, 4,4',4"-tris{N-
(3-methylphenyl)-N-phenylamino}triphenylamine, ~ com-
pounds described in Journal of The Chemical Society
Chemical Communication, p 2175, 1996, compounds
described in JP-A-57-144558, JP-A-61-62038, JP-A-61-
124949, JP-A-61-134354, JP-A-61-134355, JP-A-61-
112164, JP-A-4-308688, JP-A-6-312979, JP-A-6-267658,
JP-A-7-90256, JP-A-7-97355, JP-A-6-1972, JP-A-7-
126226, JP-A-7-126615, JP-A-7-331238, JP-A-8-100172
and JP-A-8-48656 and star-burst amine derivatives
described in Advanced material, vol. 6, p677, 1994), stilbene
derivatives (those described in Chemical Society of Japan,
72th Spring Meeting, Pre-text (II), p1392, 2PB098), pht-
nalocyanine derivatives (non-metal or copper phthalycya-
nine, etc.) and polysilanes.

[0035] The hole injecting layer and the hole transporting
layer for the organic EL device of the present invention may
be constituted with one layer containing one or more of the
compounds described above, or may be constituted with one
layer containing one or more of the compounds described
above and the charge transporting material of the present
invention. Alternatively, it may be a plurality of layers in
lamination containing one or more of the compounds
described above, or a plurality of layers in lamination
containing one or more of the compounds described above
and the charge transporting material of the present invention.

[0036] There is no particular restriction on the electron
injecting material and the electron transporting material
other than the charge transporting material of the present
invention and any of those used customarily so far as the
electron conducting compound or those known compounds
used for the electron injecting layer and the electron trans-
porting layver of the organic EL device can be selected and
used.

[0037] Preferred example of the electron conducting com-
pounds can include, for example, diphenylquinone deriva-
tives (those described, for example, in the Journal of Elec-
trophotographic ~ Society, 30, 266 (1991)) perylene
derivatives (those described, for example, in J. Apply. Phys.,
27, 269 (1988)), oxadiazole derivatives (literatures
described above, Jpn. J. Appl. Phys., 27, L713 (1988),
Applied Physics, Letter (Appl. Phys. Lett), 55, 1489
(1989)), thiophene derivatives (those described, for
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example, in JP-A-4-212286), triazole derivatives (those
described, for example, in Jpn. J. Appl. Phys.,32, 1917
(1993)), thiadiazole derivatives (those described, for
example, in 43th Polymer Society, Pre-text. (III) P1a007),
metal complexes of oxine derivatives (those described for
example in Electronic Information and Communication
Society, Technical Research Report, 92 (311), 43 (1992) or
the like),quinoxaline derivative poolymers (those described,
for example, in Jpn. J. Appl. Phys. 33, 1250 (1994), and
phenanthroline derivatives (those described in 43th Polymer
Discussion Meeting, Pre-text, 14J07).

[0038] As the light emitting material other than the light
emitting material of the present invention used for the light
emitting layer of the organic EL device according to the
present invention, known light emitting materials such as
daylight fluorescent material, fluorescent whitener, laser
dye, organic scintillator and various kinds of fluorescence
analyzing reagent as described in polymer functional mate-
rial series “Light Functional Material”, edited by Polymer
Society and published from Kyoritsu Shuppan (1991), p236
can be used.

[0039] Specifically, preferred are polynuclear condensed
compounds such as anthracene, phenanthrene, pyrene, chry-
sene, perylene, coronene, rubrene, and quinacridone, oli-
gophenylene series compounds such as quarter phenyl,
scintillators for use in liquid scintillation such as 1,4-bis(2-
methylstyryl)benzene, 1,4-bis(4-methylstyryl)benzene, 1,4-
bis(4-methyl-5-phenyl-2-oxazolyl)benzene, 1,4-bis(5-phe-
nyl-2-oxazolyl)benzene, 2,5-bis(5-tertiary-butyl-2-
benzoxazolyl)thiophene, 1,4-diphenyl-1,3-butadiene, 1,6-
diphenyl-1,3,5-hexatriene, and 1,1,4,4-tetraphenyl-1,3-
butadiene, metal complexes of oxine derivatives described
in JP-A-63-264692, cumarine dye, dicyanomethylenepyrane
dye, dicyanomethylenethiopyrane dye, polymethine dye,
oxobenzanthracene dye, xanthene dye, carbostyryl die and
perylene dye, oxazine series compounds described in Ger-
man Patent No. 2534713, stilbene derivatives described in
the Pre-text of 40th associated meeting of society of Applied
Physics, 1146 (1993), spiro compounds described in JP-A-
7-278537, and oxadiazole series compounds described in
JP-A-4-363891.

[0040] Each of the layers constituting the organic EL
device of the present invention can be formed by preparing
a material to constitute each of the layers into a thin film by
a known method such as a vapor deposition method, a spin
coating method and a casting method.

[0041] There is no particular restriction on the thickness
for each of the layers formed as described above and can be
properly selected in accordance with the nature of the
material and it is usually selected within a range from 2 nm
to 5000 nm.

[0042] For preparing the diazapentacene derivative into a
thin film, it is preferred to adopt a vapor deposition method
in view of easy availability for uniform film and less
formation of pinholes. In a case of preparing a thin film by
using the vapor deposition method, the vapor deposition
conditions are different depending on the kind of the diaza-
pentacene derivatives, the aimed crystal structure and asso-
ciation structure of the accumulated molecule film and,
generally, they are desirably selected properly within a range
at a boat heating temperature from 50 to 400° C., under a
vacuum degree of from 107° to b 107> Pa, with a vapor
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deposition rate of from 0.01 to 50 nm/sec, at a substrate
temperature from —150 to +300° C. and with a film thickness
of 5 nm to 5 um.

[0043] Then, an example of a method of preparing an
organic EL device using the diazapentacene derivative
according to the present invention is to be explained for the
method of manufacturing an organic EL device comprising
the  anode/diazapentacene  derivative  layer/cathode
described above. After forming a thin film comprising an
anode substance to a thickness in a range of 1 un or less,
preferably, 10 to 200 nm on an appropriate substrate to
prepare an anode, a thin film of the diazapentacene deriva-
tive is formed on the anode to constitute a light emitting
layer, and a thin film comprising a cathode substance is
formed by a vapor deposition method to a thickness of 1 um
or less to prepare a cathode on the light emitting layer,
thereby obtaining an aimed organic EL device. In the
manufacture of the organic EL device described above, the
cathode, the light emitting layer and the anode can be
prepared in this order while inverting the preparing proce-
dures.

[0044] When a DC voltage is applied to the thus obtained
organic EL device the voltage may be applied with the anode
as (+) polarity and the cathode as (-) polarity. When a
voltage at about 2 to 40 V is applied, light emission can be
monitored from the transparent or semi-transparent elec-
trode (anode and/or cathode).

[0045] Further, the organic EL device emits light also in a
case of applying an AC voltage. Waveform of the applied
AC voltage may be optional.

EXAMPLE

[0046] Then, the present invention is to be described more
specifically with reference to examples.

(1) Synthesis Example 1

[0047] Synthesis of a Compound Represented by the For-
mula (2) (Hereinafter Simply Referred to as MAT)

[0048] 183 mg of sodium hydride and 20 ml of dimethyl
sulfoxide were charged in a flask, to which a 5 ml DMSO
solution containing 200 mg of 5,7,12,14-tetrahydro-5,7-
diaza-12,14-dithiopentacene was dropped in a nitrogen
atmosphere. After the evolution of hydrogen was ceased, 0.4
ml of dimethyl sulfate was added and heated at 60° C. for 1
hr. After allowing them to be cooled, the reaction mixture
was poured into cold water and extracted with ethyl acetate.
After drying the resultant organic layer over anhydrous
sodium sulfate, the solvent was removed by distillation. The
residue was purified by silica gel column chromatography
(heptane/ethyl acetate=3/1), which was recrystallized using
ethanol to obtain 97 mg of the aimed compound as yellow
plate-like crystals. The ionization potential according to
AC-1 measurement was 4.8 eV.

[0049] 'H-NMR (CDCL,) 8=3.40(s, 6H), 6.30(s, 1H),
6.90(d, 2H), 6.88-6.94(m, 3H), 7.11-7.18(m, 4H)

(2) Synthesis Example 2

[0050] Synthesis of a Compound Represented by the For-
mula (3) (Hereinafter Simply Referred to as MAO)

[0051] Synthesis was conducted by the method according
to Synthesis Example 1 except for replacing 5,7,12,14-
tetrahydro-5,7-diaza-12,14-dithiopentacene with 5,7,12,14-
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tetrahydro-5,7-diaza-12,14-dioxapentacene. The ionization
potential according AC-1 measurement was 4.8 eV.

[0052] 'H-NMR (CDCl,) §=3.05(s, 6H), 6.11(s, 1H),
6.28 (s, 1H), 6.65-6.70(m, 6H), 6.88(m, 2H)

(3) Synthesis Example 3

[0053] Synthesis of a Compound Represented by the For-
mula (4) (Hereinafter Simply Referred to as PAT)

[0054] 25 g of 5,7,12,14-tetrahydro-5,7-diaza-12,14-
dithiopentacene, 8.6 g of potassium carbonate, 2 g of copper
and 50 m1 of iodobenzene were charged in a flask and heated
in a nitrogen atmosphere at 190° C. for 15 hours. After
allowing them to cool, insoluble matters were removed by
filtration and iodobenzene was removed by distillation. The
resultant solids were cleaned with 200 ml of heptane, which
was recrystallized using methanol and tetrahydrofuran to
obtain 3 g of an aimed compound. The ionization potential
according to AC-1 measurement was 4.8 eV.

[0055] 'H-NMR (CDCL,) 3=5.09(s, 1H), 6.02(dd, 2H),
6.79-6.83(m, SH), 7.02-7.11(m, 6H), 7.37-7.42(m, 6H)

(4) Synthesis Example 4

[0056] Synthesis of a Compound Represented by the For-
mula (5) Described Above

[0057] Synthesis was conducted by the method according
to Synthesis Example 3 except for replacing iodobenzene
used in Synthesis Example 3 with 4,4'-diiodobiphenyl.

(5) Synthesis Example 5

[0058] Synthesis of a Compound Represented by the For-
mula (8) Described Above

[0059] Synthesis was conducted by the method according
to Synthesis Example 3 except for replacing iodobenzene
used in Synthesis Example 3 with metaiodotoluene. The
ionization potential according to AC-1 measurement was 5.0
eV.

(6) Syathesis Example 6

[0060] Synthesis of a Compound Represented by the For-
mula (9) Described Above

[0061] Synthesis was conducted by the method according
to Synthesis Example 3 except for replacing iodobenzene
used in Synthesis Example 3 with 1-iodonaphthalene. The
ionization potential according to AC-1 measurement was 5.1
eV.

Comparative Example 1
[0062] Ionization Potential of Amine Derivative

[0063] Ionization potentials of NPD and MTDATA
according to AC-1 measurement were 5.5 and 5.2 eV
respectively. The diazapentacene derivative according to the
present invention showed a lower value.

Example 1

[0064] ITO vapor was deposited to 50 nm thickness on a
glass substrate of 25 mmx75 mmx1.1 mm (manufactured by
Tokyo Sanyo Shinku Co.), which was used as a transparent
support substrate. The transparent support substrate was
fixed to a substrate holder of a commercially available vapor
deposition apparatus (manufactured by Shinku Kiko Co.), to
which were mounted a boat containing MAT synthesized in
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Synthesis Example 1, a boat containing MAO synthesized in
Synthesis Example 2, a boat containing aluminum (IIT)
tris-8-hydroxyquinoline (hereinafter simply referred to as
Alg), a boat containing lithium fluoride and a boat incorpo-
rating aluminum.

[0065] The vacuum vessel was depressurized to 1x107> Pa
and boats incorporating MAT and MAO were heated to
vapor deposit the them to 50 nm thickness at a weight ratio
1:1 to form a hole transporting layer and then the Alg-
containing boat was heated and vapor deposited to a thick-
ness of 50 nm to form a light emitting layer. The vapor
deposition rate was 0.1 to 0.2 nm/sec.

[0066] Subsequently, the boat was heated to vapor deposit
lithium fluoride to a film thickness of 0.5 nm and, succes-
sively, aluminum was vapor deposited to a film thickness of
100 nm and an electrode was formed thereby obtaining an
organic EL device.

[0067] When a DC voltage was applied using the ITO
electrode as an anode and the aluminum electrode as a
cathode, about 20 mA/cm? of current was flown to obtain
green light emission at a brightness of about 20 cd/m*.

Example 2

[0068] In accordance with Example 1, a transparent sup-
port substrate was fixed to a substrate holder of a vapor
deposition apparatus, to which were mounted a boat con-
taining MAT synthesized in Synthesis Example 1, a boat
containing MAO synthesized in Synthesis Example 2, a boat
containing NPD, a boat containing Alg, a boat containing
lithium fluoride and a boat containing aluminum.

[0069] A vacuum vessel was depressurized to 1x107> Pa,
and boats containing MAT and MAO were heated to vapor
deposit them to a film thickness of 20 nm at 1:1 weight ratio
to form a hole injecting layer. Then, the boat containing
NPD was heated to evaporate the material to a film thickness
of 30 nm to form a hole transporting layer. Further, the Alq
containing boat was heated to evaporate the material to a
film thickness of 50 nm to form a light emitting layer. The
vapor deposition rate was 0.1 to 0.2 nm/sec.

[0070] Subsequently, the boat was heated to evaporate
lithium fluoride to a film thickness of 0.5 nm and, succes-
sively, aluminum was vapor deposited to a film thickness of
100 nm to form an electrode thereby obtaining an organic EL
device.

[0071] When a DC voltage was applied using the ITO
electrode as an anode and the aluminum electrode as a
cathode, about 4 mA/em?® of current was flown to obtain
green light emission at a brightness of about 100 cd/m?.

Example 3

[0072] 1In accordance with Example 1, a transparent sup-
port substrate was fixed to a substrate holder of a vapor
deposition apparatus, to which were mounted a boat con-
taining PAT synthesized in Synthesis Example 3, a boat
containing NPD, a boat containing Alg, a boat containing
lithium fluoride and a boat containing aluminum.

[0073] A vacuum vessel was depressurized to 1x107> Pa,
and the boat containing PAT was heated to vapor deposit the
material to a film thickness of 20 nm to form a hole injecting
layer. Then, the boat containing NPD was heated to evapo-
rate the material to a film thickness of 30 nm to form a hole
transporting layer. Further, the Alq containing boat was
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heated to evaporate the material to a film thickness of 50 nm
to form a light emitting layer. The vapor deposition rate was
0.1 to 0.2 nm/sec.

[0074] Subsequently, the boat was heated to evaporate
lithium fluoride to a film thickness of 0.5 nm and, succes-
sively, aluminum was vapor deposited to a film thickness of
100 nm to form an electrode thereby obtaining an organic EL.
device.

[0075] When a DC voltage was applied using the ITO
electrode as an anode and the aluminum electrode as a
cathode, about 3 mA/em?® of current was flown to obtain
green light emission at a brightness of about 100 cd/m>.

Example 4

[0076] A device was prepared by the method according to
Example 3 excepting for replacing Alq used in Example 3
with 1,1,3,4-tetraphenyl-2,5-bis(5-benzothienylthienyl)sila-
cyclopentadiene.

[0077] When a DC voltage was applied using the ITO
electrode as an anode and the aluminum electrode as a
cathode, about 20 mA/cm? of current was flown to obtain red
light emission at a brightness of about 100 cd/m?.

Example 5

[0078] A device was prepared by the method according to
Example 3 excepting for replacing Alq used in Example 3
with 1,2-bis(1-methyl-2,3,4,5-tetraphenylsilacyclopentadi-
enyl)ethane.

[0079] When a DC voltage was applied using the ITO
electrode as an anode and the aluminum electrode as a
cathode, about 2 mA/cm? of current was flown to obtain blue
light emission at a brightness of about 100 cd/m>.

Example 6

[0080] A device was prepared by a method according to
Example 3 except for replacing PAT used in Example 3 with
a compound obtained in Synthesis Example 5.

[0081] When a DC voltage was applied using the ITO
clectrode as an anode and the aluminum electrode as a
cathode, about 3 mA/em? of current was flown to obtain
green light emission at a brightness of about 100 cd/m>.

Example 7

[0082] A device was prepared by a method according to
Example 3 except for replacing PAT used in Example 3 with
a compound obtained in Synthesis Example 6.

[0083] When a DC voltage was applied using the ITO
electrode as an anode and the aluminum electrode as a
cathode, about 3 mA/cm?® of current was flown to obtain
green light emission at a brightness of about 100 cd/m?.

Industrial Applicability

[0084] An organic EL device at high efficiency can be
obtained by using the charge transporting material and a
light emitting material according to the present invention
containing a specified diazapentacene derivative. That is, in
accordance with the EL device of the present invention,
highly efficient light emission can be attained easily by using
the charge transporting material and the light emitting mate-
rial containing the diazapentacene derivatives of a low
ionization potential value as the organic layer forming the
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hole transporting layer, the hole injecting layer and/or the
light emitting layer. Accordingly, a display device at high
efficiency such as a full color display can be prepared by
using the organic EL device according to the present inven-
tion.

1. A charge transporting material containing a diazapen-
tacene derivative represented by the following general for-
mula (1):

®

Rg Ro R,

R; X X, R,

RS le rle R,
Rs Y Ryo Y2 Ry

(in the general formula (1), R, to R,, each represents
independently a hydrogen atom, a halogen atom, an alkyl
group of 1 to 6 carbon atoms, an alkoxy group, a substituted
or not-substituted amino group, an aryl group or a hetero-
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cyclic group, in which the substituted or not-substituted aryl
group or heterocyclic group, when they are adjacent with
each other, may be of a structure condensed to each other, X
and X, each represents independently an oxygen atom or a
sulfur atom, and Y, and Y, each represents independently a
substituted or not-substituted alkyl group of 1 to 6 carbon
atoms, an aryl group or a heterocyclic group):

2. A light emitting material containing a diazapentacene
derivative represented by the general formula (1) described
in claim 1.

3. An organic electroluminescent device in which a charge
transporting material described in claim 1 and/or a light
emitting material as described in claim 2 is used.

4. An organic electroluminscent device having a hole
transporting layer, the hole transporting layer containing the
charge transporting material as described in claim 1.

5. An organic electroluminescent device having a hole
ejecting layer, the hole injecting layer containing the charge
transporting material as described in claim 1.

6. An organic electroluminescent device containing a light
emitting material as described in claim 2 in the light emitting
layer.
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