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7) ABSTRACT

The invention provide a novel charge transporting polymer
capable of easily forming a thin film as being excellent in
solubility in solvents and useful as electronic materials and
other resin materials, a process for producing a novel charge
transporting polymer excellent in solubility in solvents,
capable of easily forming a thin film and useful as electronic
materials and other resin materials, a polymer composition
for organic electroluminescence device, by which an organic
electroluminescence device excellent in luminescent prop-
erties and durability is provided, and an organic electrolu-
minescence device.

The charge transporting polymer has a specific repeating
unit. The production process of the charge transporting
polymer is that reacting the specific compound and the
specific N-(4-aminophenyl) carbazole compound.
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CHARGE TRANSPORTING POLYMER AND
PRODUCTION PROCESS THEREOF, AND
POLYMER COMPOSITION FOR ORGANIC
ELECTROLUMINESCENCE DEVICE AND
ORGANIC ELECTROLUMINESCENCE DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a novel charge
transporting polymer useful as a material for organic elec-
troluminescence device and a production process thereof,
and a polymer composition for organic electroluminescence
device and an organic electroluminescence device.

[0003]

[0004] An organic electroluminescence device (hereinaf-
ter also referred to as “organic EL device”) is expected as a
display device of the coming generation because it has such
excellent properties as can be driven by DC voltage, is wide
in angle of visibility and high in visibility as it is a self-
luminescent device, and is fast in the speed of response, and
researches thereof are being actively conducted.

[0005] As such organic EL devices, there have heretofore
been known those of a single-layer structure that a lumi-
nescent layer composed of an organic material is formed
between an anode and a cathode, and those of multi-layer
structures such as a structure having a hole transporting
layer between an anode and a luminescent layer and a
structure having an electron transporting layer between a
cathode and a luminescent layer. In all these organic EL
elements, light is emitted by recombining an electron
injected from the cathode with a hole injected from the
anode in the luminescent layer.

[0006] As processes for forming functional organic mate-
rial layers such as the luminescent layer and the charge
transporting layers for transporting a charge such as an
electron or hole in such an organic EL device, there have
been known a dry method that an organic material layer is
formed by vacuum deposition and a wet method that a
solution of an organic material dissolved therein is applied
and dried to form a layer. Among these, the dry method is
difficult to meet mass production because the process is
complicated, and there is a limit to the formation of a
large-area layer. On the contrary, the wet method can meet
mass production because the process is relatively simple. A
large-area functional organic material layer can be easily
formed by, for example, an ink-jet method. Accordingly, the
wet method has the merits as described as above and is thus
useful compared with the dry method.

[0007] On the other hand, the luminescent layer of the
organic EL device is required to achieve high luminous
efficiency. In order to realize high luminous efficiency, it has
been recently attempted to utilize energy of a molecule in a
triplet state that is an excitation state, or the like for light
emission of an organic EL device.

[0008] More specifically, it has been reported that an
external quantum efficiency of 8% exceeding 5% that has
heretofore been considered to be a critical value of the
external quantum efficiency in an organic EL device is
achieved according to the organic EL device having such
construction (see, for example, “Applied Physics Letters”,
Vol. 75, p. 4, 1999).

2. Description of the Background Art
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[0009] Since this organic EL device is formed with a
low-molecular weight material and formed by the dry
method, for example, a vapor deposition method or the like,
however, it involves a problem that its physical durability
and thermal durability are low.

[0010] As the organic EL device utilizing energy of the
molecule in the triplet state, or the like, there has been
proposed that obtained by forming a luminescent layer by
the wet method by using a composition composed of, for
example, an iridium complex compound and polyvinylcar-
bazole (see, for example, Japanese Patent Application Laid-
Open No. 2001-257076).

[0011] This organic EL device is however poor in elec-
trochemical stability because a vinyl group is present in the
structure of polyvinylcarbazole and thus involves a problem
that long service life cannot be achieved.

SUMMARY OF THE INVENTION

[0012] The present invention has been made on the basis
of the foregoing circumstances and has as its object the
provision of a novel charge transporting polymer capable of
easily forming a thin film as being excellent in solubility in
solvents and useful as electronic materials and other resin
materials, and particularly a novel charge transporting poly-
mer useful as a material for an organic EL device for
utilizing triplet luminescence as a substitute for polyvinyl-
carbazole.

[0013] Another object of the present invention is to pro-
vide a process for producing a novel charge transporting
polymer excellent in solubility in solvents, capable of easily
forming a thin film and useful as electronic materials and
other resin materials.

[0014] A further object of the present invention is to
provide a polymer composition for organic electrolumines-
cence device, by which an organic electroluminescence
device excellent in luminescent properties and durability is
provided, and an organic electroluminescence device.

[0015] According to the present invention, there is thus
provided a charge transporting polymer comprising a repeat-
ing unit represented by the following general formula (1):

i N
R' R!

General formula (1)

‘ N‘
R? R?

[0016] wherein R! is a monovalent organic group, and R?
is a hydrogen atom or monovalent organic group, with the
proviso that two R* groups may be bonded to each other to
form a monocyclic structure or polycyclic structure.

[0017] The charge transporting polymer may preferably
have a weight average molecular weight of 2,000 to 1,000,
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000 in terms of standard polystyrene equivalent as measured
by gel permeation chromatography.

[0018] According to the present invention, there is also
provided a process for producing a charge transporting
polymer, which comprises the step of reacting a compound
represented by the following general formula (2) with an
N-(4-aminophenyl)carbazole compound represented by the
following general formula (3), thereby obtaining the charge
transporting polymer described above:

R! R!

General formula (2)

[0019] wherein X is a halogen atom, and R* is a monova-
lent organic group, with the proviso that two R* groups may
be bonded to each other to form a monocyclic structure or
polycyclic structure;

General formula (3)

NH,
I N I
RZ RZ

[0020] wherein R* is a hydrogen atom or monovalent
organic group.

[0021] According to the present invention, there is further
provided a charge transporting polymer comprising a repeat-
ing unit represented by the following general formula (4):

Q‘Q
Q‘O o

General formula (4)

R? R2

[0022] wherein R* is a hydrogen atom or monovalent
organic group.
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[0023] The charge transporting polymer may preferably
have a weight average molecular weight of 2,000 to 1,000,
000 in terms of standard polystyrene equivalent as measured
by gel permeation chromatography.

[0024] According to the present invention, there is still
further provided a process for producing a charge transport-
ing polymer, which comprises the step of reacting a com-
pound represented by the following general formula (5) with
an N-(4-aminophenyl)carbazole compound represented by
the following general formula (3), thereby obtaining the
charge transporting polymer described above:

General formula (5)

[0025] wherein X is a halogen atom;
General formula (3)
NH,
N
R? R?

[0026] wherein R* is a hydrogen atom or monovalent
organic group.

[0027] According to the present invention, there is yet still
further provided a polymer composition for organic elec-
troluminescence device, comprising a polymer component
composed of any one of the above-described charge trans-
porting polymers and a complex component composed of a
triplet-luminescent metal complex compound.

[0028] According to the present invention, there is yet still
further provided an organic electroluminescence device
comprising a luminescent layer formed by the above-de-
scribed polymer composition for organic electrolumines-
cence device.

[0029] The organic electroluminescence device may pref-
erably comprise a hole blocking layer.

[0030] Since the charge transporting polymers according
to the present invention are excellent in solubility in solvents
and capable of easily forming a thin film, and have good
charge-transporting properties based on the properties of the
polymers, they are useful as electronic materials and other
resin materials. In addition, according to the charge trans-
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porting polymers, light emission by triplet luminescence can
be achieved with high efficiency.

[0031] According to the processes of the present invention
for producing the charge transporting polymer, the above-
described charge transporting polymers can be produced.

[0032] According to the polymer composition for organic
electroluminescence device of the present invention, organic
electroluminescence device having excellent luminescent
properties and durability can be provided because it com-
prises the charge transporting polymer according to the
present invention as the polymer component.

[0033] According to the organic electroluminescence
device of the present invention, excellent luminescent prop-
erties by triplet luminescence and durability can be achieved
because it comprises a luminescent layer composed of the
above polymer composition for organic electroluminescence
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objects, features and advan-
tages of the present invention will become apparent from the
following description and the appended claims, taken in
conjunction with the accompanying drawings, in which:

[0035] FIG. 1 is a cross-sectional view illustrating the
construction of an exemplary organic electroluminescence
device according to the present invention,

[0036] FIG. 2 illustrates a chart of an NMR spectrum of
an organic EL device according to Example 1; and

[0037] FIG. 3 illustrates a chart of an NMR spectrum of
an organic EL device according to Example 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0038] The embodiments of the present invention will
hereinafter be described in details.

Polymer according to the First Embodiment

[0039] The polymer according to the first embodiment of
the present invention comprises the repeating unit repre-
sented by the general formula (1) and is obtained by reacting
a compound (hereinafter also referred to as “bifunctional
compound”) having 2 substituents each composed of a
halogen atom and represented by the general formula (2)
with an N-(4-aminophenyl)carbazole compound (hereinaf-
ter also referred to as “specific carbazole compound™) rep-
resented by the general formula (3).

[0040] In the general formula (1), R' is a monovalent
organic group. As specific examples of the monovalent
organic group, may be mentioned alkyl, alkoxy and aryl
groups. An alkyl group having, for example, 4 to 14 carbon
atoms is particularly preferred.

[0041] The two R" groups may be bonded to each other to
form a monocyclic structure or a polycyclic structure, for
example, a spirofluorene structure or the like.

[0042] R? is a hydrogen atom or monovalent organic
group. As specific examples of the monovalent organic
group, may be mentioned alkyl, alkoxy, aryl and arylamino
groups. A hydrogen atom or arylamino group is particularly
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preferred. In this formula, the fact that R? is a hydrogen atom
indicates an unsubstituted state.

[0043] As specific examples of the arylamino group in R,
may be mentioned diphenylamino, 4-biphenylphenylamino,
3-tolylphenylamino, 3,3'-dimethoxydiphenylamino, 4,4'-
dimethoxydiphenylamino, 4-fluorodiphenylamino, 4,4'-dif-
luorodiphenylamino and decafluorodiphenylamino groups.

[0044] The bifunctional compound represented by the
general formula (2) is a fluorene derivative in which 2
substituents X are halogen atoms. As specific examples
thereof, may be mentioned 2,7-dibromofluorene, 2,7-dichlo-
rofluorene and 2,7-diiodofluorene.

Polymer according to the Second Embodiment

[0045] The polymer according to the second embodiment
of the present invention comprises the repeating unit repre-
sented by the general formula (4) and is obtained by reacting
the above-described specific carbazole compound [N-(4-
aminophenyl)carbazole compound represented by the gen-
eral formula (3)] with a compound (hereinafter also referred
to as “bifunctional compound”) having 2 substituents each
composed of a halogen atom and represented by the general
formula (5).

[0046] The bifunctional compound represented by the
general formula (5) is a spirofluorene derivative in which 2
substituents X are halogen atoms. As specific examples
thereof, may be mentioned 2,2'-dibromospirofluorene, 2,2'-
dichlorospirofluorene and 2,2'-diiodospirofluorene.

[0047] The average molecular weight of the polymer
according to the first or second embodiment of the present
invention is suitably selected according to the end applica-
tion intended. However, its weight average molecular
weight is preferably 2,000 to 1,000,000 in terms of standard
polystyrene equivalent as measured by gel permeation chro-
matography in that good mechanical properties are
achieved. It is particularly preferably 5,000 to 500,000 in
that good solubility and processability are achieved.

[0048] The above-described polymers according to both
first and second embodiments may be produced in accor-
dance with a process which reacting the specific carbazole
compound with the bifunctional compound in a proper
polymerization solvent under the presence of a catalyst and
a base.

[0049] In such a production process, as the catalyst, may
preferably be used a palladium(Il) compound such as pal-
ladium acetate, or a palladium(0) compound such as tris-
(dibenzylideneacetone)dipalladium  or  tetrakis-(triph-
enylphosphine)palladium.

[0050] No particular limitation is imposed on the amount
of such a palladium compound used. However, it is prefer-
ably within a range of 0.00001 to 20.0 mol % in terms of
palladium per mol of the halogen atom in the bifunctional
compound in that the reaction can be caused to surely
proceed. It is particularly preferably 0.001 to 10 mol % in
terms of palladium per mol of the halogen atom in the
bifunctional compound in view of profitability because the
palladium compound is expensive.

[0051] Phosphine may preferably be used as a catalyst in
combination with the above-described palladium com-
pound.
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[0052] No particular limitation is imposed on such phos-
phine. As examples thereof, may be mentioned trialkylphos-
phines such as triethylphosphine, tricyclohexylphosphine,
tritsopropylphosphine, tri-n-butylphosphine, triisobutyl-
phosphine, tri-sec-butylphosphine and tri-tert-butyl-phos-
phine; and arylphosphines such as triphenylphosphine, tri(o-
tolyl)phosphine, tri(m-tolyl)phosphine, tri(p-tolyl)-
phosphine,  2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
(BINAP), trimesitylphosphine, diphenylphosphinoethane,
diphenylphosphinopropane and  diphenylphosphinofer-
rocene.

[0053] Among these, tri-tert-butylphosphine and diphe-
nylphosphinoferrocene are preferred in that they have high
reaction activity.

[0054] When the palladium compound and phosphine are
used in combination as catalysts, they may be separately
added to the reaction system. However, a complex of the
palladium compound and phosphine may be prepared in
advance to add the complex to the reaction system.

[0055] When the palladium compound and phosphine are
used in combination as catalysts, the amount of the phos-
phine used is preferably within a range of 0.01 to 10,000 mol
per mol of the palladium compound. It is particularly
preferably within a range of 0.1 to 10 mol per mol of the
palladium compound in view of profitability because the
phosphine is expensive.

[0056] Examples of the base used for reacting the specific
carbazole compound with the bifunctional compound may
include carbonates such as sodium carbonate and potassium
carbonate, inorganic bases such as alkali metal alkoxides,
and organic bases such as tertiary amines. Specific prefer-
able examples of the base include alkali metal alkoxides
such as sodium methoxide, sodium ethoxide, potassium
methoxide, potassium ethoxide, lithium tert-butoxide,
sodium tert-butoxide and potassium tert-butoxide.

[0057] These bases may be added to the reaction system as
it is. However, an alkali metal, alkali metal hydride or alkali
metal hydroxide, and an alcohol may be added to the
reaction system, and both compounds may be reacted with
each other to prepare the intended base for the reaction.

[0058] No particular limitation is imposed on the amount
of such a base used. However, it 1s preferably at least 0.5 mol
per mol of the halogen atom in the bifunctional compound.
Although the yield is not affected if the base is added in
excess, the amount of the base used is preferably 1.0 to 5 mol
per mol of the halogen atom in the bifunctional compound
because a post-treatment operation after completion of the
reaction becomes complicated if the base is added in excess.

[0059] No particular limitation is imposed on the poly-
merization solvent so far as it is an inert solvent that does not
markedly inhibit the reaction of the specific carbazole com-
pound with the bifunctional compound. As preferable
examples thereof, may be mentioned aromatic hydrocarbon
solvents such as benzene, toluene, xylene and mesitylene;
ether solvents such as diethyl ether, tetrahydrofuran and
dioxane; and acetonitrile, dimethylformamide, dimethyl sul-
foxide and hexamethyl-phosphotriamide. Among these, aro-
matic hydrocarbon solvents such as benzene, toluene, xylene
and mesitylene are particularly preferred.
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[0060] In the production process according to the present
invention, the reaction of the specific carbazole compound
with the bifunctional compound is generally conducted
under atmospheric pressure and an atmosphere of an inert
gas such as nitrogen or argon. However, the reaction may be
conducted under pressure.

[0061] With respect to specific reaction conditions, for
example, the reaction temperature may be selected within a
range of preferably 20° C. to 250° C., more preferably 50°
C. to 150° C., and the reaction time may be selected within
a range of preferably several minutes to 24 hours.

[0062] In this production process, a terminal of a polymer
that is a reaction product obtained by the reaction of the
specific carbazole compound with the bifunctional com-
pound is preferably substituted by any aromatic compound,
whereby a charge transporting polymer excellent in lumi-
nous efficiency and durability can be obtained.

[0063] According to the charge transporting polymers of
the present invention, excellent solubility in solvents is
achieved, and a coating formulation for forming a thin film
can be easily prepared, so that a thin film can be easily
formed by this coating formulation. Accordingly, the charge
transporting polymers according to the present invention are
useful as electronic material and other resin materials and
particularly suitable as charge-transporting materials
because they have charge-transporting property owing to the
chemical structures thereof.

[0064] The charge transporting polymers according to the
present invention may also be suitably used as materials for
forming a luminescent layer of an organic EL device by, for
example, combining them with a luminescent material hav-
ing phosphorescent properties.

[0065]

<Polymer Composition for Organic EL Device>

[0066] The polymer composition for organic EL devices
according to the present invention comprises a polymer
component composed of any one of the above-described
charge transporting polymers and a complex component
composed of a triplet-luminescent metal complex com-
pound.

[0067] Examples of the triplet-luminescent metal complex
compound making up the complex component include iri-
dium complex compounds, platinum complex compounds,
palladium complex compounds, rubidium complex com-
pounds, osmium complex compounds and rhenium complex
compounds. Among these, iridium complex compounds are
preferred.

[0068] As the iridium complex compound making up the
complex component, may be used a complex compound of
iridium with a nitrogen atom-containing aromatic compound
such as phenylpyridine, phenylpyrimidine, bipyridyl, 1-phe-
nylpyrazole, 2-phenylquinoline, 2-phenylbenzothiazole,
2-phenyl-2-oxazoline, 2,4-diphenyl-1,3,4-oxadiazole,
5-phenyl-2-(4-pyridyl)-1,3,4-oxadiazole or a derivative
thereof.
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[0069] Specific examples of such an iridium complex
compound include compounds represented by the following
general formulae (6) to (8):

General formula (6)

General formula (7)

General formula (8)

[0070] In the general formulae (6) to (8), R* and R* are,
independently of each other, a substituent composed of a
fluorine atom, alkyl group or aryl group and may be the same
or different from each other, x is an integer of 0 to 4, and y
is an integer of 0 to 4.

[0071] Inthe above-described formulae, specific examples
of the alkyl groups related to the substituents R* and R*
include methyl, ethyl, isopropyl, t-butyl, n-butyl, isobutyl,
hexyl and octyl groups.

[0072] Specific examples of the aryl groups include phe-
nyl, tolyl, xylyl, biphenyl and naphthyl groups.

[0073] Among the above-described compounds, the iri-
dium complex compound (hercinafter also referred to as
“specific iridium complex compound”) represented by the
general formula (6) is preferably used.
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[0074] The specific iridium complex compound can be
generally synthesized by reacting a compound represented
by the following general formula (9) with a compound
represented by the following general formula (10) in the
presence of a polar solvent. However, it is important that the
content of a specific impurity compound represented by the
following general formula (11), which is formed in this
synthesis, be at most 1,000 ppm.

General Formula (9)

Ry

General Formula (10)

[0075] In the general formulae (9) to (11), R* and R* have
the same meanings as defined in the general formula (6), x
is an integer of O to 4, and y is an integer of O to 4.

[0076] The specific iridium complex compound, in which
the content of the specific impurity compound is at most
1,000 ppm, can be obtained by purifying the reaction
product by the above-described synthetic reaction.

[0077] 1If the content of the specific impurity compound in
the specific iridium complex compound exceeds 1,000 ppm,
the luminescent performance that the specific iridium com-
plex compound has is impaired, and so it is difficult to
provide an organic EL device having high luminous lumi-
nance.

[0078] A proportion of the complex component in the
polymer composition for organic EL devices according to
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the present invention is preferably 0.1 to 30 parts by mass,
more preferably 0.5 to 10 parts by mass per 100 parts by
mass of the polymer component. If the proportion of the
complex component is too low, it may be difficult in some
cases to achieve sufficient light emission. If the proportion of
the complex component is too high on the other hand, a
concentration quenching phenomenon that the brightness of
light emission is rather reduced may occur in some cases. It
is hence not preferable to use the complex component in
such a too low or high proportion.

[0079] Any additive such as an electron-transporting low-
molecular compound may be added to the polymer compo-
sition for organic EL devices according to the present
invention as needed.

[0080] Examples of the electron-transporting low-molecu-
lar compound include metal complexes such as tris(8-
hydroxy-quinolino)aluminum (Alq3), oxadiazole com-
pounds such as 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-
oxadiazole (PBD), and triazole compounds such as
1-phenyl-2-biphenyl-5-tert-butylphenyl-1,3,4-triazole
(TAZ). Oxadiazole compounds such as 2-(4-biphenyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole (PBD) are particularly
preferably used.

[0081] A proportion of the electron-transporting low-mo-
lecular compound contained is preferably 10 to 40 parts by
mass per 100 parts by mass in total of the polymer compo-
nent and complex component. The polymer composition for
organic EL devices according to the present invention is
generally prepared as a composition solution by dissolving
the polymer component composed of the specified polymer
and the complex component in a proper organic solvent.
This composition solution is applied to a surface of a
substrate, on which a luminescent layer should be formed,
and the resultant coating film is subjected to a treatment for
removing the organic solvent, whereby the Iuminescent
layer in the organic EL device can be formed.

[0082] No particular limitation is imposed on the organic
solvent for preparing the composition solution so far as it
can dissolve the polymer component and complex compo-
nent used. Specific examples thereof include halogenated
hydrocarbons such as chloroform, chlorobenzene and tetra-
chloroethane, amide solvents such as dimethylformamide
and N-methylpyrrolidone, cyclohexanone, ethyl lactate, pro-
pylene glycol methyl ether acetate, ethyl ethoxy-propionate,
and methyl amyl ketone. These organic solvents may be
used either singly or in any combination thereof.

[0083] Among these, that having a proper evaporation
rate, specifically, an organic solvent having a boiling point
of about 70 to 200° C. is preferably used in that a thin film
having a uniform thickness can be obtained.

[0084] A proportion of the organic solvent used varies
according to the kinds of the polymer component and
complex component. However, it is generally a proportion
that the total concentration of the polymer component and
complex component in the resulting composition solution
amounts to 0.5 to 10% by mass.

[0085] As a means for applying the composition solution,
may be used, for example, a spin coating method, dipping
method, roll coating method, ink-jet method or printing
method.
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[0086] No particular limitation is imposed on the thickness
of the luminescent layer formed. However, it is generally
selected within a range of 10 to 200 nm, preferably 30 to 100
nm.

[0087] According to such a polymer composition for
organic EL devices, an organic electroluminescence device
having a luminescent layer that emits light at sufficiently
high luminous luminance can be provided. In addition, the
luminescent layer can be easily formed by a wet method
such as an ink-jet method.

[0088]

[0089] FIG. 1 is a cross-sectional view illustrating the
construction of an exemplary organic EL device according
to the present invention.

[0090] In the organic EL device of this embodiment, an
anode 2 that is an electrode supplying a hole is provided by,
for example, a transparent conductive film on a transparent
substrate 1, and a hole injecting and transporting layer 3 is
provided on this anode 2. A luminescent layer 4 is provided
on the hole injecting and transporting layer 3, a hole
blocking layer 8 is provided on the luminescent layer 4, and
an electron injecting layer 5 is provided on the hole blocking
layer 8. A cathode 6 that is an electrode supplying an
electron is provided on this electron injection layer 5. The
anode 2 and cathode 6 are electrically connected to a DC
power source 7.

<Organic EL Device>

[0091] In this organic EL device, a glass substrate, trans-
parent resin substrate, quartz glass substrate or the like may
be used as the transparent substrate 1.

[0092] As a material for forming the anode 2, is preferably
used a transparent material having a work function as high
as, for example, at least 4 ¢V. In the present invention, the
work function means the magnitude of minimum work
required to take out an electron from a solid into a vacuum.
As the anode 2, may be used, for example, an ITO (indium
tin oxide) film, tin oxide (Sn0,) film, copper oxide (CuO)
film or zinc oxide (ZnO) film.

[0093] The hole injecting and transporting layer 3 is
provided for efficiently supplying a hole to the luminescent
layer 4 and has a function of receiving the hole from the
anode 2 and transporting it to the luminescent layer 4. As a
material for forming the hole injecting and transporting layer
3, may be preferably used, for example, a charge injecting
and transporting material such as poly(3,4-cthylenedioxy-
thiophene)-polystyrenesulfonate. The thickness of the hole
injecting and transporting layer 3 is, for example, 10 to 200
am.

[0094] The luminescent layer 4 is a layer having a function
of bonding an electron to a hole to emit the bond energy
thereof as light. This luminescent layer 4 is formed by the
above-described polymer composition for organic EL
devices. No particular limitation is imposed on the thickness
of the luminescent layer 4. However, it is generally selected
within a range of 5 to 200 nm.

[0095] The hole blocking layer 8 is a layer having a
function of inhibiting the hole supplied to the Iuminescent
layer 4 through the hole injecting and transporting layer 3
from penetrating into the electron injecting layer § to
facilitate recombination of the hole with the electron in the
luminescent layer 4, thereby improving luminous efficiency.
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[0096] As amaterial for forming the hole blocking layer 8,
may preferably be used, for example, 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (bathocuproine: BCP) repre-
sented by the following formula (1) or 1,3,5-tri(phenyl-2-
benzimidazolyl)benzene (TPBI) represented by the
following formula (2).

[0097] The thickness of the hole blocking layer 8 is, for
example, 10 to 30 nm.

Formula (1)

Formula (2)

[0098] The electron injecting layer 5 is a layer having a
function of transporting an electron received from the cath-
ode 6 to the luminescent layer 4 through the hole blocking
layer 8. As a material for forming the electron injecting layer
5, is preferably used a co-deposition system (BPCs) of a
bathophenanthroline based material and cesium. As other
materials, may be used alkali metals and their compounds
(for example, lithium fluoride and lithium oxide), alkaline
carth metals and their compounds (for example, magnesium
fluoride and strontium fluoride), and the like. The thickness
of the electron injecting layer 5 is, for example, 0.1 to 100
nm.

[0099] As a material for forming the cathode 6, is used a
material having a work function as low as, for example, at
most 4 eV. Specific examples of the cathode 6 include films
composed of a metal such as aluminum, calcium, magne-
sium or indium and films composed of an alloy of these
metals.

[0100] The thickness of the cathode 6 varies according to
the kind of the material used. However, it is generally 10 to
1,000 nm, preferably 50 to 200 nm.

[0101] In the present invention, the organic EL device is
produced, for example, in the following manner.

[0102] The anode 2 is first formed on the transparent
substrate 1.
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[0103] As a method for forming the anode 2, may be used
a vacuum deposition method, sputtering method or the like.
Alternatively, a commercially available material that a trans-
parent conductive film, for example, an ITO film, has been
formed on the surface of a transparent substrate such as a
glass substrate may also be used.

[0104] The hole injecting and transporting layer 3 is
formed on the anode 2 formed in such a manner.

[0105] As a specific method for forming the hole injecting
and transporting layer 3, may be used a method in which a
charge injecting and transporting material is dissolved in a
proper solvent, thereby preparing a solution for forming a
hole injecting and transporting layer, this hole injecting and
transporting layer-forming solution is applied to the surface
of the anode 2, and the resultant coating film is subjected to
a treatment for removing the organic solvent, thereby form-
ing the hole injecting and transporting layer 3.

[0106] The polymer composition for organic EL devices
according to the present invention is then used as a lumi-
nescent layer-forming solution and this luminescent layer-
forming solution is applied on to the hole injecting and
transporting layer 3. The resultant coating film is heat-
treated, thereby forming the luminescent layer 4.

[0107] As a method for applying the luminescent layer-
forming solution, may be used a spin coating method,
dipping method, ink-jet method or printing method.

[0108] The hole blocking layer 8 is then formed on the
luminescent layer 4 formed in such a manner, the electron
injecting layer 5 is formed on this hole blocking layer 8, and
the cathode 6 is further formed on the electron injecting
layer 5, thereby obtaining the organic EL device (1) having
the construction illustrated in FIG. 1.

[0109] In the above-described process, as a method for
forming the hole blocking layer 8, electron injecting layer §
and cathode 6, may be used a dry method such as a vacuum
deposition method.

[0110] In the above-described organic EL device, when
DC voltage is applied between the anode 2 and the cathode
6 by the DC power source 7, the luminescent layer 4 emits
light. This light is emitted to the outside through the hole
injecting and transporting layer 3, anode 2 and transparent
substrate 1.

[0111] According to the organic EL device of such con-
struction, high luminous luminance is achieved because the
luminescent layer 4 is formed by the above-described poly-
mer composition for organic EL devices.

[0112] In addition, the hole blocking layer 8 is provided,
whereby combination of a hole injected from the anode 2
with an electron injected from the cathode 6 is realized at
high efficiency. As a result, high luminous luminance and
luminous efficiency are achieved.

[0113] The present invention will hereinafter be described
specifically by the following Examples. However, the
present invention is not limited to these examples.
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EXAMPLE 1

[0114] In this Example 1, is described an example that a
polymer according to the first embodiment is prepared.

[0115] Asolution obtained by dissolving 0.55 g (1 mmol)
of 9,9-dioctyl-2,7-dibromofluorene that X in the general
formula (2) is a bromine atom, and R* is an alkyl group
having 8 carbon atoms, 0.62 g (1 mmol) of 3,6-bis(phenyl-
m-tolylamino)-N-(4-aminophenyl)carbazole that R* in the
general formula (3) is a phenyl-m-tolylamino group, 0.03 g
(0.03 mmol) of tris(dibenzylideneacetone)dipalladium
(Pd,(dba);), 0.05 g (0.09 mmol) of diphenylphosphino-
ferrocene (DPPF) and 0.29 g (3 mmol) of sodium tert-
butoxide in 10 m! of mesitylene was heated to 140° C. to
conduct a reaction for 35 hours.

[0116] Thereafter, 0.08 g (0.5 mmol) of diphenylamine
was added to the reaction mixture at the same temperature
to conduct a reaction for 4 hours, and 0.16 g (1 mmol) of
bromobenzene was then added to further conduct a reaction
for 4 hours for substituting the terminal of the resultant
polymer.

[0117] An aqueous solution of ethylenediamine was added
to the resultant reaction mixture, separation extraction was
conducted with chloroform, the resultant organic layer was
dried over anhydrous magnesium sulfate, the organic sol-
vent was removed by vacuum distillation, and a reprecipi-
tation treatment was then conducted with acetone to obtain
0.34 g of Polymer Al.

[0118] Polymer Al had a weight average molecular weight
of 17,000 in terms of standard polystyrene equivalent as
measured by gel permeation chromatography.

[0119] Polymer Al was identified as a polymer repre-
sented by the following structural formula (1A) by NMR
analysis. The result of the NMR measurement is illustrated
in FIG. 2.

o
8

Structural formula (1A)

age

CgHy7 CgHyy

- 00

H,C CH,

EXAMPLE 2

[0120] In this Example 2, is described an example that a
polymer according to the first embodiment is prepared.

[0121] A solution obtained by dissolving 0.55 g (1 mmol)
of 9,9-dioctyl-2,7-dibromofluorene that X in the general
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formula (2) is a bromine atom, and R' is an alkyl group
having 8 carbon atoms, 0.26 g (1 mmol) of N-(4-amino-
phenyl)carbazole that R* in the general formula (3) is a
hydrogen atom, 0.03 g (0.03 mmol) of tris(dibenzylidene-
acetone)dipalladium (Pd,(dba)s), 0.05 g (0.09 mmol) of
diphenylphosphinoferrocene (DPPF) and 0.29 g (3 mmol) of
sodium tert-butoxide in 10 ml of mesitylene was heated to
140° C. to conduct a reaction for 35 hours.

[0122] Thereafter, 0.08 g (0.5 mmol) of diphenylamine
was added to the reaction mixture at the same temperature
to conduct a reaction for 4 hours, and 0.16 g (1 mmol) of
bromobenzene was then added to further conduct a reaction
for 4 hours for substituting the terminal of the resultant
polymer.

[0123] An aqueous solution of ethylenediamine was added
to the resultant reaction mixture, separation extraction was
conducted with chloroform, the resultant organic layer was
dried over anhydrous magnesium sulfate, the organic sol-
vent was removed by vacuum distillation, and a reprecipi-
tation treatment was then conducted with acetone to obtain
0.34 g of Polymer A2.

[0124] Polymer A2 had a weight average molecular
weight of 17,000 in terms of standard polystyrene equivalent
as measured by gel permeation chromatography.

[0125] Polymer A2 was identified as a polymer repre-
sented by the following structural formula (2A).

Structural formula (2A)

Q.Q

CgHy7 GgHyz

EXAMPLE 3

[0126] In this Example 3, is described an example that a
polymer according to the second embodiment is prepared.

[0127] A solution obtained by dissolving 0.62 g (1 mmol)
of 3,6-bis(phenyl-m-tolylamino)-N-(4-aminophenyl)carba-
zole that R in the general formula (3) is a phenyl-m-
tolylamino group, 0.47 g (1 mmol) of 2,2'-dibromospirof-
luorene that X in the general formula (5) is a bromine atom,
003 g (0.03 mmol) of tris(dibenzylidencacctone)di-
palladium (Pd,(dba),), 0.05 g (0.09 mmol) of diphenylphos-
phino-ferrocene (DPPF) and 0.29 g (3 mmol) of sodium
tert-butoxide in 10 ml of mesitylene was heated to 140° C.
to conduct a reaction for 35 hours.

[0128] Thereafter, 0.08 g (0.5 mmol) of diphenylamine
was added to the reaction mixture at the same temperature
to conduct a reaction for 4 hours, and 0.16 g (1 mmol) of
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bromobenzene was then added to further conduct a reaction
for 4 hours for substituting the terminal of the resultant
polymer.

[0129] An aqueous solution of ethylenediamine was added
to the resultant reaction mixture, separation extraction was
conducted with chloroform, the resultant organic layer was
dried over anhydrous magnesium sulfate, the organic sol-
vent was removed by vacuum distillation, and a reprecipi-
tation treatment was then conducted with acetone to obtain
0.54 g of Polymer B1.

[0130] Polymer Bl had a weight average molecular
weight of 12,000 in terms of standard polystyrene equivalent
as measured by gel permeation chromatography.

[0131] Polymer Bl was identified as a polymer repre-
sented by the following structural formula (1B) by NMR
analysis. The result of the NMR measurement is illustrated
in FIG. 3.

[0132] Structural formula (1B)

ok
OOy
O 00

H;C CHj

EXAMPLE 4

[0133] (Production of Organic EL Device)

[0134] An ITO substrate, in which an ITO film had been
formed on a transparent substrate, was provided, and this
ITO substrate was subjected to ultrasonic cleaning by using
a neutral detergent, ultrapure water, isopropyl alcohol, ultra-
pure water and acetone in that order and then further
subjected to ultraviolet-ozone (UV/0,) cleaning.

[0135] A solution of poly(3,4-ethylenedioxythiophene)-
polystyrenesulfonate (PEDOT/PSS) was applied on to the
cleaned ITO substrate by a spin coating method, and the
resultant coating film having a thickness of 65 nm was then
dried at 250° C. for 30 minutes under a nitrogen atmosphere,
thereby forming a hole injecting and transporting layer.

[0136] A polymer composition solution for organic EL
devices obtained by dissolving Polymer B1 and 6 mol % of
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the specific iridium complex that x and y in the general
formula (6) are both 0 in hexanone so as to give a concen-
tration of 3% by mass was then applied as a solution for
forming a luminescent layer to the surface of the hole
injecting and transporting layer thus obtained by a spin
coating method, and the resultant coating film having a
thickness of 40 nm was dried at 120° C. for 10 minutes under
a nitrogen atmosphere, thereby forming a luminescent layer.

[0137] A laminate, in which the hole injecting and trans-
porting layer and the luminescent layer had been laminated
on the ITO substrate in that order, was fixed within a vacuum
device, and the pressure within the vacuum device was then
reduced to 1x10™* Pa or lower to vapor-deposit bathocu-
proine in a thickness of 30 nm, thereby forming a hole
blocking layer. After vapor deposition was then conducted
with lithium fluoride to form an electron injecting layer
having a thickness of 0.5 nm, calcium (30 nm) and alumi-
num (100 nm) were vapor-deposited in that order, thereby
forming a cathode. Thereafter, sealing was conducted with a
glass material, thereby producing an organic EL device.

[0138] In the organic EL device thus obtained, lumines-
cent was observed at a wavelength of about 515 nm derived
from the specific iridium complex.

What is claimed is:

1. A charge transporting polymer comprising a repeating
unit represented by the following general formula (1):

R' R!

General formula (1)

‘ N‘
R? R?

wherein R' is a monovalent organic group, and R* is a
hydrogen atom or monovalent organic group, with the
proviso that two R* groups may be bonded to each other to
form a monocyclic structure or polycyclic structure.

2. The charge transporting polymer according to claim 1,
which has a weight average molecular weight of 2,000 to
1,000,000 in terms of standard polystyrene equivalent as
measured by gel permeation chromatography.

3. Aprocess for producing a charge transporting polymer,
which comprises the step of reacting a compound repre-
sented by the following general formula (2) with an N-(4-
aminophenyl)carbazole compound represented by the fol-
lowing general formula (3), thereby obtaining the charge
transporting polymer according to claim 1 or 2:
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General formula (2)

R! R!

wherein X is a halogen atom, and R' is a monovalent organic
group, with the proviso that two R* groups may be bonded
to each other to form a monocyclic structure or polycyclic
structure;

General formula (3)

NI,

R? R?

wherein R? is a hydrogen atom or monovalent organic
group.

4. A polymer composition for organic electrolumines-
cence device, comprising a polymer component composed
of the charge transporting polymer according to claim 1 or
2 and a complex component composed of a triplet-lumines-
cent metal complex compound.

5. An organic electroluminescence device comprising a
luminescent layer formed by the polymer composition for
organic electroluminescence device according to claim 4.

6. The organic electroluminescence device according to
claim 5, which comprises a hole blocking layer.

7. A charge transporting polymer comprising a repeating
unit represented by the following general formula (4):

Q.Q
Q'O o

General formula (4)
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wherein R* is a hydrogen atom or monovalent organic
group.

8. The charge transporting polymer according to claim 7,
which has a weight average molecular weight of 2,000 to
1,000,000 in terms of standard polystyrene equivalent as
measured by gel permeation chromatography.

9. A process for producing a charge transporting polymer,
which comprises the step of reacting a compound repre-
sented by the following general formula (5) with an N-(4-
aminophenyl)carbazole compound represented by the fol-
lowing general formula (3), thereby obtaining the charge
transporting polymer according to claim 7 or 8:

General formula (5)

wherein X is a halogen atom;

General formula (3)

NH,

N

R2 R2

wherein R* is a hydrogen atom or monovalent organic
group.

10. A polymer composition for organic electrolumines-
cence device, comprising a polymer component composed
of the charge transporting polymer according to claim 7 or
8 and a complex component composed of a triplet-lumines-
cent metal complex compound.

11. An organic electroluminescence device comprising a
luminescent layer formed by the polymer composition for
organic electroluminescence device according to claim 10.

12. The organic electroluminescence device according to
claim 11, which comprises a hole blocking layer.
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