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(57) Abstract: The organic electroluminescence element includes a substrate, a

pair of electrodes formed on the substrate, and one or plural organic layers between
the pair of the electrodes, said organic layer containing a luminescent layer, wherein
the luminescent layer contains a compound represented by the following f({rmulg
(1) and a charge-transporting non-conjugated polymer; in the formula (1), R to R

each are independently a hydrogen atom or an alkyl group having 1 to 20 carbon
atoms; a pluralit}l of tl%e alkyl groups may be linked with one another to form a ring;
at least two of R to R are each the alkyl group; and at least one of the alkyl groups
is an alkyl group having a tertiary or quaternary a-carbon atom. The organic elec-
troluminescence element has high luminescence efficiency and long service life.
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DESCRIPTION

ORGANIC ELECTROLUMINESCENCE ELEMENT AND USE THEREOF

5 TECHNICAL FIELD

The present invention relates to an organic
electroluminescence element, more specifically, to an organic
electroluminescence element using a phésphorescent compound,
and use thereof.

10

BACKGROUND ART

In recent years, in order to expand the application of
an organic electroluminescence element (alsocalled as "organic
EL element" in the present specification), material development
15 focusing on a phosphorescent compound that exhibits high
luminescence efficiency has been made intensively.
In order to expand the application of the organic EL
‘element particularly to thevfield of display devices, the
development of a material not only having high luminescence
20 efficiency but also allowing the devices to keep stable
operation is essential.
Japanese Patent Laid-Open Publication No. 2003-526876
(PatentDocumentl)disclosesthatthelumiﬁescenceefficiency

of organic EL elements is substantially enhanced by using
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an organic iridium complex as a phosphorescent compound.
The iridium complex is exemplified by tris(2-(2-pyridyl)
phenyl) iridium and its derivatives. Patent Document 1
describes that the luminescent color of the‘iridium complex
is changed by replacing the substituents of ligands having
the aromatic structure by alkyl or aryl groups. Further,
Japanese Patent Laid-Open Publication No. 2001-247859 (PatentA
Document 2) exemplifies various kinds of groups as the
substituents of tris(2-(2-pyridyl) phenyl) iridium.

As a method for forming a luminescent layer of organic
EL elements, there are used generally a vacuum deposition
process of low-molecular-weight organic compounds and a coating
process of a solution of high-molecular-weight compounds.
The coating process is advantageous because the production
cost of elements is low and elements with large area can be
produced easily. Element fabrication technology using the
coating process has been desired to be further improved.

Japanese Patent Laid-Open Publication No. 2003-342325
(Patent Document 3) discloses that the service life of organic
EL elements prepared by a coating process can be extended
by using a copolymer of a charge-transporting compound and
an iridium complex as the high-molecular-weight compound.

Patent Document 1: Japanese Patent Laid-Open Publication

No. 2003-526876
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Patent Document 2: Japanese Patent Laid-Open Publication
No. 2001-247859
Patent Document 3: Japanese Patent Laid-Open Publication

No. 2003-342325

DISCLOSURE OF THE INVENTION

Regarding the organic EL elements using the iridium
complexes described in Patent Documents 1 and 2, the service
life (evaluated by lowering in luminosity after a constant
current is applied to the elements) of the elements prepared
by coating a solution containing a high-molecular-weight
compound and an iridium complex is extremely short as compared
with that of the elements prepared by vacuum evaporation process
of the same iridium complex.

This is possibly because an element prepared by coating
process that has a difficulty in building up organic charge
injection layers has a high charge injection.barrier from
electrodes to the iridium complex as compared with an element
that is prepared by building up plural organic charge injection
layers between a luminescent layer and an electrode by vacuum
evaporation, andthusstill heavierelectrical loadisconsidered
to be imposed on the luminescent layer in the former element.

This high charge injection barrier from electrodes to

the iridium complex is not basically reduced by using such
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a copolymer as is described in Patent Document 3.

The present invention has been carried out in view of
these circumstances. It is an object of the present invention
to provide an organié EL element having high luminescence

efficiency and a long service life as well.

The present inventor has conducted intensive studies to
address the above problems and have found that an organic EL
element containing a phosphorescent compound with a specific
structure in a luminescent layer has a low charge injection
barrier from electrodes and exhibits a long sexrvice 1life, thus
accomplishing the present invéntion. Namely, the present
invention is summarized as follows.

[1] An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

"one or plural organic layers formed between the pair of
the electrodes, said organic layer containing a luminescent
layer,

wherein the luminescent layer contains a phosphorescent
compound represented by the following formula (1) and a

charge-transporting non-conjugated polymer,
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inthe formula (1), R'toR®each are independently a hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another to form

5 a ring;

at least two of R! to R® are each the alkyl group; and

at least one of the alkyl groups is an alkyl group having
a tertiary or quaternary oa-carbon atom.

[2] The organic electroluminescence element as described

10 in [1], wherein all of the alkyl groups are each an alkyl group
having a tertiary or quaternary oa-carbon atom.

[3] Theorganicelectroluminescence element as described
in [2], wherein all of the alkyl groups having-a tertiary or
quaternary a-carbon atom are each a tertiary butyl group.

15 [4] An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

one or plural organic layers formed between the pair of

| the electrodes, said organic layer containing a luminescent

20 layer,
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wherein the luminescent layer contains a non-conjugated
polymer having a structural unit derived from a phosphorescent

compound represented by the following formula (2),

R22
R21 R23
\Ir R24
ul \N N R25
|
R8N “R26
2 R27

— = (2)

in the formula (2), R! to R'® each are independently a
hydrogen atom dr an alkyl group having 1 to 20 carbon atoms;
a plurality of the alkyl groups may be linked with one another
to form a ring;

at least two of RY™ to R'® are eaéh the alkyl group:;

at least one of the alkyl groups is an alkyl group having
a tertiary or quaternary o-carbon atom;

R?! to R?® each are independently selected from the group
consisting of hydrogen atom, an alkyl group having 1 to 20
carbon atoms, and an alkenyl group having 2 to 20 carbon atoms;
the hydrogen atom of the alkyl groups may be substituted with
a polymerizable functional group; a plurality of the alkyl
groups may be linked with one another to form a ring; and

at least two of R?' to R?® are not hydrogen atoms; and

at least one of R?! to R*® is the alkyl group, at least

one of whose hydrogen atoms is substituted with a polymerizable
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functional group, or the alkenyl group.
[5] The organicelectroluminescence element as described

18 are each a tertiary

in [4], wherein at leést two of R to R
butyl group.

[6] The organicelectroluminescence element as described
in [4] or [5], wherein the non-conjugated polymer further
contains a structural unit derived from at least one kind of
polymerizable compound selected from the group consisting of
a hole-transporting polymerizable compound and an
electron-transporting polymerizable compound.

[7] A display device equipped with an organic

electroluminescence element according to any one of [1] to

[6].

EFFECT OF THE INVENTION

The aforementioned Patént Documents do not disclose that
the service life of organic EL elements can be improved by
appropriately selecting the kind, number, or position of
substituents.

The present invention provides an organic EL element having
alowchargeinjectionbarrier fromelectrodes, highluminescence

efficiency, and long service life as well.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a schematic cross-sectional view illustrating
an exemplary embodiment of an organic EL element according

to the present invention.

1  Glass substrate

2 Anode

3 Luminescent layer
4 Cathode

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in detail below.

1. An embodiment in which a luminescent layer contains a

luminescent low-molecular-weight compound

In an embodiment of the present invention, an organic
EL element relating to the present invention comprises a
substrate, a pair of electrodes formed on the substrate, and
one or plural organicrlayers formed between the pair of the
electrodes, said organic layer containing a luminescent layer,
whereinthe luminescent layer contains a phosphorescent compound
represented by the following formula (i) and a

charge-transporting non-conjugated polymer.

<Phosphorescent compound>

In the present invention, a phosphorescent compound
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(iridium complex) represented by the following formula (1)

is used.

(1)

In the formula (1), R' to R® each are independently hydrogen
5 atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with bne another to form
a ring;
at least two of R!' to R® are each the alkyl group; and
at least one of the alkyl groups is an alkyl group having
10 a tertiary or quaternary o-carbon atom (the “a-carbon atom”
is a carbon atomthat is contained in the alkyl group and adjacent
to a carbon atom of the aromatic ring bonding to Ir (iridium
atom)) .
It is considered that the oxidation potential of the
15 compound represented by the formula (1) is lower than that
of tris(2-(2-pyridyl) phenyl) iridium that has been used so
far, and therefore an organic EL element containing the compound
of the formula (1) as a phosphor has a lower injection barrier
from electrodes to the iridium complex, reducing electrical

20 load imposed on the luminescent layer, and thereby attains
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an extended service life.

In addition to the lower oxidation potential, from the
viewpoint of making the exited state of the reactive iridium
complex be sterically-isolated from the other molecules
contained in the luminescent layer and attaining an organic
EL element with an extended service life, it is preferred that
all of the alkyl groups in the formula (1) be each an alkyl
group having a tertiary or quéternary a-carbon atom.

Further, in the formula (1), it is preferred that all
of the alkyl groups having a tertiary or quaternary a-carbon
atom be each a tertiary butyl group, because both of the effect
of lowering the oxidation potential of the iridium complex
and the effect of making the excited stateiof the reactive
iridium complex be sterically-isolated from the other molecules
contained in the luminescent layer are large, and because the
organic EL elements advantageously attain extended service
life. A plurality of the tertiary butyl groups may be linked
with one another to form a ring as is shown by the complex
of the following formula (C5).

A phosphorescent compound represented by the formula (1)
in which any one of R! to R® is an alkyl group having a tertiary
or quaternary oa-carbon atom has been known so far. However,
a phosphorescent compound in which at least two of R' to R®

are each an alkyl group having a tertiary or quaternary a—-carbon
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atom (particularly, a phosphorescent compound in which at least
two of R! to R® are each a tertiary butyl group) has not been
specifically known so far. Further, it has not been known
sofarthatanorganicELelementusingthelatterphosphofescent
compound has a particularly extended service life.

In the present invention, the phosphorescent compound
may be used alone or in combination of two or more kinds.

As the compound represented by the formula (1), the
complexes represented by the following formulae (Cl) to (C6)
are preferable, and the complex represented by the formula
(Cl) is particularly preferable, because an organic EL element

having particularly extended service 1life and high luminescence

efficiency is attained.

N~
N Ir N
Ir 3 Ir
N1 i N Z N’/
) X U
a d3 BEE E
(C1) (C2) (C3)
N
NG \| Ir
o y N//r Z N*/
Z>N i g
a l ™
3
L A3 - |3
(C4) (C5) (C6)

The iridium complex represented by the above formula (1)
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may be producedby, forexample, amethodcomprising the following
steps (i) and (ii):
step (i): reacting a compound represented by the following
formula (1-1) with iridium (III) trichloride trihydrate in
5 asolvent such as 2-ethoxyethanol at about 50 to 150°C to produce
a compound represented by the following formula (1-2); and
step (ii): reacting the compound represented by the
following formula (1-2) with the compound represented by the
following formula (1-1) inthepresenceof abase suchaspotassium
10 carbonate and in glycerin at about 150 to 220°C to produce
the iridium complex represented by the above formula (1).

RS R5RY RS
R7 / \ R2

15 <Charge-transporting non-conjugated polymer>
The charge-transporting non-conjugated polymer is
preferably a polymer obtained by copolymerizing monomers

containing at least one kind of polymerizable compound selected
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from the group consisting of a hole-transporting polymerizable
compound and an electron-transporting polymerizable compound.
In the present specification, the hole-transporting
polymerizable compound and the electron-transporting
polymerizable compound are also collectively called a
charge-transporting polymerizable compound.

Namely, the charge-transporting non-conjugated polymer
is preferably a polymer that contains a structural unit derived
from one kind or two or more kinds of the hole-transporting
polymerizable compounds or a structural unit derived from one
kind or two or more kinds of the electron transporting
polymerizable compounds. When such polymer is used, higher
luminescence efficiency is obtained because a higher mobility
ofchargegcanbeattainedintheluminescentlayerandatuﬁform
thin film can be formed by coating.

Further, the charge-transporting non-conjugated polymer
is more preferably a polymer that contains both a structural
unit derived from one kind or two or more kinds of the
hole-transporting polymerizable compounds and a structural
unit derived from one kind or two or more kinds of the electron
transporting polymerizable compounds. When such polymer is
used, still higher luminescence efficiency is obtained because
the polymer has both of hole-transporting and

electron-transporting functions, and thus holes and electrons
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recombinemore efficiently inthe vicinity of the phosphorescent
compound.

Thereisru:particularlimitationcﬁlthehole—transporting
polymerizable compounds and electron-transporting
polymerizable compounds as long as théy have a polymerizable
functional group or a substituent containing a polymerizable
functional group, and knan charge-transporting compounds may
be used. |

Examples of the polymerizable functional group include
radical, cation, anion, addition, and
condensation-polymerizable functional groups. Among these,
a radical polymerizable functional group is preferable because
polymers can be easily produced.

Examples of the polymerizable functional group include
allyl group, alkenyl group, acrylate group, methacrylate group,
urethane (meth)acrylate group such as methacryloyloxy
ethylcarbamate group and the like, vinylamide group, and their
derivatives. Among these, alkenyl group is preferable.

More specifically, in the case where the polymerizable
functional group is alkenyl group, the charge-transporting
polymerizablecompoundpreferablyhésasubstituentrepresented
by the following formulae (Al) to (Al2) as the polymerizable
functional group or the substituent containing a polymerizable

functional group. Among these, the substituents represented
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by the formulae (A1), (A5), (A8), and (Al2) aremore preferable,
because these substituents can be easily introduced into the

charge-transporting compounds.

HLC CHs
CH3 s \CH H2c\
—CH —d /2 CH,
CH "cH A —
2 CHz \\CH-z
(A1) (A2) (A3) (A4)
_‘CHz
HC=CH2
\Y
CH, .
(AS) (A6) w7y ,FH
H,C
—Ch,
Hzc‘OC\H HC—CH,
—CH, “CH,
(A8)
(A9) CH
4
H,C
H2C—C{'|2
—‘CHz H2C_CH2
’ \
H,C—CH, CH,
_CH2
(A10) (A11) CH
i
H,C
HzC‘OCH
/ A
—0 CH,
(A12)

Specifically, the hole-transporting polymerizable
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compounds are preferably the compounds represented by the
following formulae (El1) to (E6). From the viewpoint of charge
mobility in the non-conjugated polymers, the compounds

represented by the formulae (El) to (E3) are more preferable.

N ¢ :

B

3 8o o
~ éj %@2} 5
| 0

(E4) (ES) (E6)

Specifically, the electron-transporting polymerizable
compounds are preferably the compounds represented by the
following formulae (E7) to (E15). From the viewpoint of charge
mobility in the non-conjugated polymers, the compounds
represented by the formulae (E7) and (E12) to (El4) are more

preferable.
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% N
Q; >
0y
(E8) ' (ES)
N
D O
N
OTrTC C{
E11) (E12)
N
/
]
2
(E14) (E15)

A compound given by replacing the substituent represented

by the formula (Al) in the formulae (E1) to (E15) by a substituent

used.

represented by any of the formulae (A2) to (Al2) maybe preferably

In particular, a compound having a substituent

represented by the formulae (Al) or (Ab) is preferable, because
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the functional group may be introduced easily to the
polymerizable compounds.

As the charge-transporting non-conjugated polymer, more
preferable are compounds given by copolymerizing a compound
represented by any of the formulae (E1) to (E3) as the
hole-transporting polymerizable compound, and a compound
represented by any of the formulae (E7) and (E12) to (E1l4)
as the electron-transporting polymerizable compound among
these. When these non-conjugating polymers are used, holes
and electrons recombine more efficiently on the phosphorescent
compound and higher luminescence efficiency is obtained. 1In
addition, in combination with the phosphorescent compound,
these compounds can form an organic layer having a uniform
distribution, providinganorganicELelement havinganexcellent
durability.

Intheorganiclayer (luminescent layer) used for anorganic
EL element of the present inventiop and containing the
phosphorescent compound and the non-conjugated polymer, the
phosphorescent compound is contained in the matrix formed from
the non-conjugated polymer in a dispersed state. As a result,
luminescence that is not easy to use conventionally, namely
the luminescence by way of the triplet excited state of the
phosphorescent compound can be attained. Therefore, higher

luminescence efficiency is obtained by using the organic layer.
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The charge-transporting non-conjugated polymer may
contain a structural unit derived from the other polymerizable
compounds as long as the object of the present invention is
not impaired. The other polymerizable compounds are, for
example, compounds having no charge—transporfing properties
exemplified by alkyl (meth)acrylates such as methyl acrylate

and methyl methacrylate, and styrene and its derivatives, but

are not limited to them.

- The charge-transporting non-conjugated polymers have a
weight average molecular weight of preferably from 1,000 to
2,000,006, and more preferably from 5,000 to 1,000,000. 1In
the present specification, the molecular weight represents
the molecular weight with reference to polystyrene measured
with GPC (gel permeation chromatography). It is preferable
that the molecular weight is within the above range because
the polymer is soluble in an organic solvent and uniform thin
films are obtained.

The charge-transporting non-conjugated polymers may be
any of random, block, and alternate copolymers.

The charge-transporting non-conjugated polymers may be
prepared by any method of radical, cation, anion, and addition

polymerization, but radical polymerization is preferred.

2. An embodiment in which a luminescent layer contains a
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luminescent polymer

In another embodiment of the present invention, an organic
EL element according to the present invention comprises a
substrate, a pair of electrodes formed on the substrate, and
one or plural organic layers formed between the pair of the
electrodes, said organic layer containing a luminescent layer,
whereintheluminescentlayercontainsarunrconjugatedpolymer
(hereinafter, called as "non-conjugated polymer (2)" in some
cases) having a structural unit derived from a phosphorescent
compound (iridium complex) represented by the following formula

(2).

<Structural unit derived from phosphorescent compound>

R22

(2)

Inthe formula (2), R* toR'® each are independently hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another to form
a ring;

at least two of R to R!® are each the alkyl group;

at least one of the alkyl groups is an alkyl group having
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a tertiary or quaternary o-carbon atom (the “a-carbon atom”
is a carbon atomthat is contained in the alkyl group and adjacent
to a carbon atom of the aromatic ring bonding to Ir (iridium
atom) ).

R?! to R?*® each are independently selected from the group
consisting of hydrogen atom, an alkyl group having 1 to 20
carbon atoms, and an alkenyl group having 2 to 20 carbon atoms;
the hydrogen atom of the alkyl groups may be substituted with
a polymerizable functional group; a plurality of the alkyl
groups may be linked with one another to form a ring;

at least two of~R21 to R?® are not hydrogen atoms; and

at least one of RuAto R?*® is the alkyl group, at least
one of whose hydrogen atoms is substituted with a polymerizable
functional group, or the alkenyl group.

It isconsidered that theoxidationpotential of theiridium
complex represented by the formula (2) is lower than that of
bis(2-(2-pyridyl)phenyl) (5-vinyl-2-(2-pyridyl)phenyl)
iridium that has been used so far as a phosphorescent compound,
wherein the substituents on its aromatic ring other than the
substituent havingapolymerizable functional groupare hydrogen
atoms, and therefore an organic EL element containing the
non-conjugated polymer (2) as a phosphor has a lower injection
barrier from electrodes to the iridium complex, reducing

electrical load imposed on the luminescent layer, and thereby
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attains an extended service life.

In addition to the lower oxidation potential, from the
viewpoint of making the exited state of the reactive iridium
complex be sterically-isolated from the other molecules
contained in the luminescent layer and attaining an organic
EL element having an extended service life, it is preferred
that at least two of R' to R are each a tertiary butyl group
in the formula (2). A plurality of the tertiary butyl groups
may be linked with one another to form a ring.

A phosphorescent compound represented by the formula (2)
in which any one of R to R'® is an alkyl group having a tertiary
or quaternary a-carbon atom has been known so far. However,
a phosphorescent compound in which at least two of R to R'®
are each an alkyl group having a tertiary or quaternary a-carbon
atom (particularly, a phosphorescent compound in which at least
two of R to R!® are each a tertiary butyl group) has not been
specifically known so far. Further, it has ﬁot been known
so far that an organic EL element using the latter phosphorescent
compound has a particularly extended service life.

Examples of the substituent having the polymerizable
functional group includes any of radical, cation, anion,
addition, and condensation-polymerizable functional group.
Among these, a radical polymerizable functional group is

preferable because polymers can be easily produced.
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Examples of the polymerizable functional group include
allyl group, alkenyl group, acrylate group, methacrylate group,
urethane (meth)acrylate group such as methacryloyloxy
ethylcarbamate group and the like, vinylamide group, and their
derivatives. Among these, alkenyl group is preferable.

More specifically, the non—conjugated polymer (2)
preferably has a substituent represented by the following
formulae (Al) to (Al2) as the polymerizable functional group
or the substituent having a polymerizable functional group.
Aﬁong these, the substituents represented by the formulae

(A1), (A5), (A8), and (Al2) are more preferable, because these

~substituents canbe easily introduced into the iridium complex.
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As the compound represented by the formula (2), complexes

represented by the following formulae (C13) to

(Cle) are

preferable because an organic EL element having especially
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extended service life and high luminescence efficiency can
be attained, and the complex represented by the formula (C13)

is more preferable.

B ] =
7
| A
Z Ir /Ir\
Z >N A
ANT NS N N
| | X =
N =
L _J 2 L ] 2
(C13) (C14)
— — F -
Z
N~ /ll‘\
//Ir\ Z N N
Z IN NI N . | | A =
N Z 2
— — 2 - -
(C15) (C16)

In the present invention, the compound represented by
the formula (2) may be used alone or in combination of two
or more kinds.

The iridium complex represented by the above formula (2)
maybepfoducedby,forexample,amethodcomprisingthefollowing
steps (i) and (ii):

step (i): reacting@acompoundrepresentedkn/thefollowing
formula (2-1) with iridium (III) trichloride trihydrate in
a solvent such as 2-ethoxyethanol at about 50 to 150°C to produce _

a compound represented by the following formula (2-2); and
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step (ii): reacting the compound represented by the
following formula (2-2) with a compound represented by the
following formula (2-3) inthepresenceof abase suchaspotassium
carbonate and in glycerin at about 150 to 220°C to produce

the iridium complex represented by the above formula (2).

R16 R15 R14 R13

R 7\ R12
R18 N R11
(2-1)
_ — . 2 —
RU R13
J R14
r
\\N § R15
B
R18 = R16
R 2
— - (2-2)
R23 R24R25 R26
R22 7/ N_R27
R21 N RZB
(2-3)

<Structural unit derived from charge-transporting
polymerizable compound>

The polymer having a structural unit derived from the
compound represented by the formula (2) is preferably a polymer
obtained by copolymerizing one kind or two kinds or more monomers
of the iridium complex and a monomer containing at least one

kindofpolymerizable compoundselected fromthegroupconsisting
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of a hole-transporting polymerizable compound and an
electron-transporting polymerizable compound. In the present
specification, the hole-transporting polymerizable compound
and the electron-transporting polymerizable compound are also
collectively called a charge-transporting polymerizable
compound.

Namely, the non-conjugated polymer (2) is preferably a
polymer containing a structural unit derived from one kind
or two kinds or more of the iridium complexes, and a structural
unit derived from one kind or two kinds or more of the
hole-transporting polymerizable compounds or a structural unit
derived from one kind or two kinds or more of the
electron-transporting polymerizable compounds. Such a
non-conjugated polymer (2) provides higher luminescence
efficiency, because holes and electrons recombine more
efficiently on the structural unit derived from the
phosphorescent compound.

Further, the non-conjugated polymer (2) is preferably
a polymer containing a structural unit derived from one kind
or two kinds or more of the iridium complexes, a structural
unit derived from one kind or two kinds or more of the
hole—transporting polymerizable compounds, and a structural
unit derived from one kind or two kinds or more of the

electron-transporting polymerizable compounds. Such
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high-molecular-weight luminescent material possesses all of
the luminescence, hole-transporting, andelectron-transporting
functions, and thus holes and electrons recombine more
efficiently on the iridium complex. As a result, still higher
luminescence efficiency is obtained.

There is no particular limitation on the hole-transporting
polymerizable compounds and electron-transporting
polymerizable compounds as long as they have a polymerizable
functional group, and known charge-transporting compounds may
be used.

The polymerizable functional group may be any of radical,
cation, anion, addition, and condensation-polymerizable
functioﬁal groups. Among these, a radical polymerizable
functional group is preferable because polymers can be easily
produced.

The polymerizable functional group is the same as the
substituent having a polymerizable functional group containing
in the compound represented by the formula (2), and the preferred
groups are also the same.

As the hole-transporting polymerizable compounds,
specifically, the compounds represented by the following
formulae (E1l) to (E6) arepreferable. The compounds represented
by the formulae (El) to (E3) are more preferable, because these

compounds provide a copolymer having large charge mobility
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As the electron-transporting polymerizable compounds,
specifically, the compounds represented by the following
formulae (E7) to (E15) are preferable. The compounds
represented by the formulae (E7) and (E12) to (E14) are more

preferable, because these compounds provide a copolymer having

large charge mobility therein.
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A compound given by replacing the substituent represented -
by the formula (Al) in the formulae (E1) to (E15) by a substituent
represented by any of the formulae (A2) to (Al2) maybe preferably
used. In particular, a compound having a substituent
represented by the formulae (Al) or (A5) is preferable, because

the functional group can be introduced easily to the
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polymerizable compounds.

As the non-conjugated polymer (2), more preferable are
compounds given by copolymerizing a compound represented by
any of the formulae (El) to (E3) as the hole-transporting
polymerizable compound, and a compound represented by any of
the formulae (E7) and (E12) to (E14) as theelectron—-transporting
polymerizable compound among these, and the iridium complex,
in combination. Thus obtained non-conjugated polymer provides
high luminescence efficiency and high maximum attainable
luminance, and exhibits excellent durability.

The polymerizable compounds represented by the formulae
(E1l) to kElS) may be produced by known methods.

The polymer may contain a structural unit derived from
the other polymerizable compounds. The other polymerizable
compounds are, for example, the compounds having no
charge-transporting properties exemplified by
alkyl (meth)acrylates such as methyl acrylate and methyl
methacrylate, and styrene and its derivatives, but are not
limited to them.

The polymer has a weight average molecular weight of
preferably from 1,000 to 2,000,000, and more preferably from
5,000 to1,000,000. It is preferable that the molecular weight
is within the above range, because the polymer is soluble in

an organic solvent and uniform thin films are obtained.
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A desired polymer mentioned above can be obtained by
selecting appropriately the ratio of the iridium complex to
the charge-transporting polymerizable compound
(hole-transportingand/or electron-transportingpolymerizable
compound) . The polymer may be any of random, block, and
alternative copolymers.

In the aforementioned polymer, when the number of the
structural unit derived from the iridium complex is "m" and
the number of the structural unit derived from the
charge-transporting compound (the total number of the structural

units derived fromthe hole-transportingpolymerizable compound

and/or the electron-transporting polymerizable compound) is

"n" (m and n are respectively an integer equal to or larger
than 1), the ratio of the structural unit derived from the
iridium complex with respect to the whole structural units,
that is m/(m + n), is in the range of preferably from 0.001
to 0.5, and more preferably from 0.001 to 0.2. Within this
range of m/(m + n), an organic EL element having large charge
mobility, a small effect of concentration quenching, and a
high luminescence efficiency can be obtained.

Further, in the case where the aforementioned pélymer
contains the structural unit derived from the hole-transporting
compound and the structural unit derived from the

electron-transporting compound, the relationship of n = x +
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y can be satisfied, wherein "n" is as described above, "x"
is the number of the structural unit derived from the
hole-transporting compound, "y" is the number of the structural
unit derived from the electron-transporting compound, and "x"
and "y" are respectively an integer equal to or larger than
1. The optimum values of the ratios x/n and y/n are determined
by the charge-transporting ability of each structural unit,
the charge-transporting properties, concentrations and others
ofthestructuralunitderivedfromtheiridiumcomplex,wherein
x/n is the ratio of the number of the structural units derived
from the hole-transporting compound, and y/n is the ratio of
the numbef of the structural units derived from the
electron-transporting compound, with respect to the number -
of the structural units derived from the charge-transporting
compound. When this polymer is used as the only compound for
forming the luminescent layer of an organic EL element, the
values of x/n and y/n each are in the range of preferably from
0.05 to 0.95, and more preferably from 0.20 to 0.80. Here,
the relationship of x/n + y/n = 1 holds.

The polymer may be prepared by any of radical, cation,
anion, and addition polymerization methods, but radical

polymerization is preferred.

3. Organic EL element
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<Organic layer containing luminescent layer>

The organic EL element according to the present invention
has one or two or more organic layers sandwiched between an
anode and a cathode. At least one of the organic layers contains
a phosphorescent compound (A) represented by the formula (1)
and a charge-transporting non—conjugatea polymer, or a
non-conjugated polymer (B) having a structural unit derived
froma compound represented by the formula (2). Froma viewpoint
of the capability of more extending service life of an organic
EL element, it is preferable that the non-conjugated polymer
having the structural unit derived from the compound represented
by the formula (2) is contained.

FIG. 1 shows an exemplary embodiment for the construction
of the organic EL element according to the present invention,
but the construction of the organic EL element of the present
invention is in no way limited to this exemplary embodiment.

In FIG. 1, a luminescent layer 3 is provided between an anode
2, which is provided on a transparent substrate 1, and a cathode
4. The organic EL element may be provided with a hole-injection
layer between the anode 2 and the luminescent layer 3, or with
an electron-injection layer between the luminescent layer 3
and the cathode 4.

In the above description, an organic layer containing

a phosphorescent compound (A) represented by the formula (1)
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andeacharge—transportingnon—conjugatedpolymer,orenlorganic
layercontainingaﬁon—conjugatedpolymer(B)havingastructural
unit derived from a compound represented by the formula (2)
canbe usedasaluminescent layer that hasbothhole-transporting
andélectron—transportingproperties. As a result, an organic
EL element.having high luminescence efficiency can be
advantageously fabricated‘without forming a layer of the other
organic materials.

There isnoparticular limitationon themethodof producing
theorganiclayer, but theorganic layeris, forexample, produced
as follows. Firstly, a solution obtained by dissolving a
phosphorescent compound (A) represented by the formula (1)
and a charge-transporting non-conjugated polymer, or a solution
obtained by dissolving a non-conjugated polymer (B) having
a structural unit derived from a compound represented by the
formula (2) is prepared. There is no particular limitation
on the solvent used for preparing the above solution, but there
may be used, for example, chlbrine—based solvents such as
chloroform, methylene chloride, and dichloroethane, ethers
such as tetrahydrofuran, and anisole, aromatic hydrocarbons
such as toluene, and xylene, ketones such as acetone, and
methylethylketone, esters such as ethyl acetate, butyl acetate,
and ethylcellosolve acetate, and others. Subsequently, the

solution thus prepared is formed into a film on a substrate
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by a coating method such as ink-jet coating, spin coating,
dip coating, and printing. The concentration of the solution
is, although it depends on the compound used and film forming
conditions, for example, preferably from 0.1 to 10 wt% in the
case of spin coating or dip coating. In this way, the organic
layer is easily formed, and thereby the production process
canbe simplified and anelement with larger area can be produced.
<Other materials>

In the forming of each layer described above, a
high-molecular-weight material serving as a binder may be
admixed. Examples of the high-molecular-weight material
include polymethylmethacrylate, polycarbonate, polyester,
polysulfone, and polyphenyleneoxide.

Further, thematerial used for forming each layer described
above may be a mixture of materials having different functions,
including a luminescent material, a hole-transportingmaterial,
and an electron-transporting material, for example. 1In the
organic layer containing the phosphorescent compound and the
non-conjugated polymer, the other hole-transporting material
and/or electron-transporting material may be admixed in order
to support the charge-transporting properties thereof. Such
a transporting material may be either a low-molecular-weight
compound or a high-molecular-weight compound.

Examples of the hole-transporting material that forms
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the hole-transporting layer or is admixed in the luminescent
layer include a low-molecular-weight triphenylamine derivative
such aé TPD

(N,N’ -dimethyl-N,N’ - (3-methylphenyl)-1,1’-biphenyl-4,4'-
diamine), o-NPD (4,4’ -bis[N-(l-naphthyl)-N-phenylamino]
biphenyl), and m-MTDATA

(4,4’ ,4”-tris(3-methylphenylphenylamino) triphenylamine) ;
polyVinylcarbazole;akdgh—molecular—weightcompoundobtained
by polymerizing the above triphenylamine derivatives after
a polymerizable substituent is introduced into the derivatives,
for example, a high-molecular-weight compound having a
triphenylamine skeleton disclosed in Japanese Patent Laid-Open
Publication No. H8-157575; and a fluorescent
high-molecular-weight compound such as
polyparaphenylenevinylene and polydialkylfluorene. The
hole-transporting material may be used alone or in combination
of two ormore kinds, or different kinds of the hole-transporting
materials may be built-up in layers. The thickness of the
hole-transporting layer is not specified in general because
it depends on the conductivity and the like of the
hole-transporting layer, but it is desirable that the thickness
be preferably from 1 nm to 5 pm, more preferably from 5 nm
to 1 um, and particularly preferably from 10 nm to 500 nm.

Examples of the electron-transporting material that forms
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the electron-transporting layer or is admixed in the luminescent
layer include a low-molecular-weight compound such as a
quinolinolderivativemetal complex (for example, Alg3 (aluminum
trisquinolinolate)), an oxadiazole derivative, a triazole
derivative, an imidazole derivative, a triazine derivative,
and a triarylborane derivative; and a high-molecular-weight
compound obtained by polymerizing the above
low-molecular-weight compound after a polymerizable
substituent is introduced into the low-molecular-weight
compound, for example, poly PBD disclosed in Japanese Patent
Laid-Open PublicationNo. H10-1665. Theelectron-transporting
material may be used alone or in combination of two or more
kinds, or different kinds of electron-transporting materials
may be built-up in layers. The thickness of the
electron—transbortinglayerjj;notspecifiedjjlgeneralbecause
it depends on the conductivity and others of the
electron-transporting layer, but it is desirable that the
thickness be preferably from 1 nm to 5 um, more preferably
from 5 nm to 1 um, and particularly preferably from 10 nm to
500 nm.

Further, a hole-blocking layer may be disposed adjacent
to the luminescent layer on the cathode side thereof so as
to suppress holes passing through the luminescent layer and

to promote recombination of holes and electrons in the
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luminescent layer. The hole-blocking layer is formed from
a known material such as a triazole derivative, an oxadiazole
derivative, -and a phenanthroline derivative.

A hole-injection layer may be disposed between the anode
and the luminescent layer so as to reduce the hole-injection
barrier. The hole-injection layer is formed from a known
material suchascopperphthalocyanine, amixtureofpolyethylene
dioxythiophene (PEDOT) and polystyrene sulfonic acid (PSS),
and a fluorocarbon.

An insulating layer having a thickness of from 0.1 to
10 nm thick may be disposed between the cathode and the
electron-transporting layer, or the cathode and the organic
layer that is built up in layers adjacent to the cathode.
The insulating layer is formed from a known material such as
lithium fluoride, magnesium fluoride, magnesium oxide, and
alumina.

As the anode material, there may be used, for example,
a known transparent conductive material exemplified by ITO
(indium tin oxide), tin oxide, zinc oxide, and a conductive
polymer such as polythiophene, polypyrrole, and polyaniline.

The surface resistance of the electrode formed from the
transparent conductive material is desirably from 1 to 50 Q/0O
(ohm/square). The thickness of the anode is desirably from

50 to 300 nm.
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As the cathode material, there may be used, for example,
a known cathode material exemplified by an alkali metal such
as Li, Na, K, and Cs; an alkaline earth metal such as Mg, Ca,
and Ba} Al; a MgAl alloy;‘and an alloy of Al and an alkali
or alkaline earth metal such as AlLi and AlCa. It is desirable
that the thickness of the cathode be preferably from 10 nm

to 1 ym, and more preferably from 50 to 500 nm. When a highly

~active metal such as an alkali or alkaline earth metal is used

as a cathode, it is desirable that the thickness of the cathode
be preferably from 0.1 to 100 nm, and more preferably from
0.5 to 50 nm. Further,.in this case, a metal layer that is
stable in the air is superposed on the cathode to protect the
cathode metal.~ Examples of the metal that forms the metal

layer include Al, Ag, Au, Pt, Cu, Ni, and Cr. It is desirable
that the thickness of the metal layer be preferably erm 10
nm to 1 um, and more preferably from 50 to 500 nm.

As the substrate of the organic EL element according to
the present invention, an insulating substrate that is
transparent to the luminescence wavelength of the above
luminescent material is used. The substrate is made of glass,
a transparent plastic such as PET (polyethylene terephthalate),
polycarbonate, and the'like.

The hole-transporting, luminescent, and

electron-transporting layers are formed by, for example,
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resistance heating evaporation, electron beam evaporation,
sputtering, ink-jet coating, spin-coating, printing, spraying,
and dispensing. Resistance heating evaporation and electron
beam evaporation are suitably used in the case of
low-molecular-weight compounds. In the case of
high~molecular-weight compounds, ink-jet coating,
spin-coating, or printing 1is suitably used.

The anode material is formed into a film by, for example,
electron beam evaporation, sputtering, chemical reaction, and
coating. The cathode material is formed into a film by, for
example, resistance heating evaporation, electron beam

evaporation, sputtering, and ion plating.

4. Uses

The organic EL element according to the present invention
is suitably used as pixels for a matrix or segmented image
display device with a known method. 1In addition, the organic
EL element is suitably used also as a plane light source without
formed into pixels.

Specifically, the organic EL element according to the
presentinyentionissuitablyusedforapplicationsexemplified
by display devices for computers, television sets, personal
digital assistances, cellular phones, car navigation systems,

video camcorder viewfinders and others, backlights,
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electrophotography, illumination light sources, recording
light sources, exposure light sources, reading light sources,
sign boards, display boards, interior accessories, and optical

communication.

Examples

The present invention will be further described in detail
with reference to the following Examples, but it should be
construed that the invention is in no way limited to those

Examples.

Synthesis Example 1

<Synthesis of iridium complex (Cl)>
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Therewill beexplainedwith reference tothe above reaction
scheme. To a mixture of 1.6 g (0.24 mol) of lithium and 200
ml of diethyl ether, 25 g (0.12 mol) of 4-t-butylbromobenzene

5 were added dropwise. After 2 hours of stirring at room
temperature, 50 ml of a diethyl ether solution dissolving 16
g (0.12 mol) of 4-t-butylpyridine were further added dropwise,

and the resulting reaction solution was stirred at room
temperature for 2 hours. Subsequently, oxygen gas was blown
10 into the reaction solution for 30 minutes, and the solution
was stirred at foom temperature for 12 hours. Water was added

to the resulting solution, and then the organic phase was
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extracted. After the solvent was removed by distillation under
reduced pressure, compound {(a) was obtained by further
distillation under reduced pressure.

Secondly, a mixture of 1.0 g (3.7 mmol) of the compound
(a), 0.65 g (1.8 mmol) of iridium trichloride trihydrate, 60
ml of 2-ethoxyethanol and 20 ml of water was heated under reflux
for 12 hours. The resulting precipitate was washed with cold
methanol, and dried under reduced pressure to obtain compound
(b) .

Finally, 20 ml of glycerin were added to a mixture of
1.0 g (0.66 mmol) of the compound (b)), 0.40 g (1.3 mmol) of
the compound (a), and 0.25 g (1.80 mmol) of potassium carbonate,
and then the resultant mixture was heated and mixed for 24
hours at 200°C. Water was added to the resulting reaction
solution, and then the resulting precipitate was filtered off
and purified by silica gel column chromatography to obtain
0.58 g (0.59 mmol) of iridium complex (Cl).

Identificationresultsofthecompound(Cl)areasfqllows.

_Elemental Analysis

calculated (Cs7H7,IrN3): C 69.05, H 7.32, N 4.24; and
measured: C 68.71, H 7.45, N 4.4¢6

Mass Spectroscopy (FAB+): 991 (M)

Synthesis Exampie 2
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<Synthesis of iridium complex (C13)>
\—<:>FB©Hb

Pd(PPh3),
K,CO3
L
N~ "Br N=

(e)

\Ir/CI\Ir/ b
L~ ~
X ! ! =
| ]2 | 12 — -
=
K>;CO3
BHT
> Ir.
7 N// \N N
N L~
L 12
(C13)

Explanation will be given with reference to the above
reaction scheme. To a mixture of 10 g (47 mmol) of
2-bromo-4-t~butylpyridine, 6.9 g (47 mmol) of 4-vinylphenyl
boronic acid, 1.0g (0.87 mmol) of tetrakis (triphenylphosphine)
palladium and 17 g (0.12 mol) of potassium carbonate were added
50 ml of 1,2-dimethoxyethane and 25 ml of water, and then the
resultant mixture was heated under reflux for 5 hours. An
organicphasewasextractedfromtheresultingreactionsoiution.
After the solvent was removed by distillation under reduced
pressure, compound (e) was obtainedbypurificationusingsilica

gel column chromatography.
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Secondly, 20 ml of glycerin were added to a mixture of
0.31 g (1.3 mmol) of the compound (e), 1.0 g (0.66 mmol) of
the compound (b) prepared as above, 0.22g (1.6mmol) of potassium
carbonate and 0.020 g (0.090 mmol) of 2, 6-di~-t-butyl-p-cresol,
and the resultant mixture was heated and stirred at 200°C for
24 hours. Water was added to the resulting reaction solution
and the reéulting precipitate was filtered off and purified
by silica gel column chromatography to obtain 0.10 g (0.10
mmol) of iridium complex (C13).

Identificationresultsofthecompound(C13)areasfollows.

Elemental Analysis
cglculated (CssHegeIrN3): C 68.71, H 6.92, N 4.37; and
measured: C 68.38, H 7.05, N 4.63

Mass Spectroscopy (FAB+): 961 (M')

Synthesis Example 3

<Synthesis of copolymer (1l)>

In a sealed vessel, 500 mg of the compound represented
by the formula (E2) and 500 mg of the compound represented
by the formula (E14) were charged, and further dehydrated toluene
(9.9 mL) was added. After a toluene solution (0.1 M, 198 uL)
of dimethyl-2,2’'~azobis(2-methylpropionate) (Trade name:
V-601, manufactured by Wako Pure Chemical Industries, Ltd.)

was added, freezing and degassing were repeated five times.
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The vessel was sealed in vacuum and the reaction solution
was stirred at 60°C for 60 hours. Subsequently, the reaction
solution was added dropwise to 500 mL of acetone to obtain

a precipitate. The precipitate was then subjected to

- reprecipitation-purification twice using a mixed solvent of

toluene and acetone, and vacuum-dried overnight at 50°C to
obtain copolymer (1).

The copolymer (1) had a weight average molecular weight
(Mw) 0f 118,500 and amolecular weight distribution index (Mw/Mn)
of 2.60. The x/n and y/n values of the copolymer estimated
from the results of elemental analysis and '’C-NMR measurement

were 0.47 and 0.53, respectively.

Synthesis Example 4

<Synthesis of copolymer (2)>

Copolymer (2) was synthesized similarly to Synthesis
Example 3, except -that 500 mg of the compound represented by
the formula (E2) and 500 mg of the compound represented by
the formula (E14) were replaced by 80 mg of the iridium compound
(C13), 460 mg of the compound represented by the formula (E2)
and 460 mg of the compound represented by the formula (E1l4).

The copolymer (2) had a weight average molecular weight
(Mw) of 75,400 and a molecular weight distribution index (Mw/Mn)

of 2.36. The m/(m + n) value of the copolymer estimated from
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theresultsofanICPelementaryanalysisandl%}NMRneasurement
was 0.040. The x/n and y/n values of the copolymer (2) were

0.50 and 0.50, respectively.

Comparative Synthesis Example 1

A<Synthesis of copolymer (3)>

Copolymer (3) was synthesized similarly to the synthesis
of the copolymer (2), except that 80 mg of the iridium complex
(C13) were replaced by 80 mg of the following iridium complex
(f).

' The copolymer (3) had a weight average molecular weight
(Mw)of59,900andarmﬂecularweightdistributionindex(Mw/Mn)
of 2.10. The m/ (m + n) value of the copolymer estimated from
theresultsofanICPelementaryanalysisandl%}NMRneasurement
was 0.043. The x/n and y/n values of the copolymer (3) were

0.48 and 0.52, respectively.

=
Ir
Z N \N\
N L~
2

®

Example 1

A substrate with ITO (supplied by Nippo Electric Co.,

Ltd.) was used. The substrate had two ITO (indium tin oxide)
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electrodes (anode), each having a width of 4 mm, lined on one
face of a glass substrate 25 mm square in size.
Firstly, theabove substratewithITOelectrodeswastreated

with UV ozone, and further treated with oxygen plasma for 30

‘seconds. Still further, the substrate was subjected to the

similar plasma treatment for 60 seconds using fluoroform in
place of oxygen. Next, 8.0 mg of the iridium complex (C1)
and 82 mg qf the copolymer (1) were dissolved in 2,910 mg of
toluene (Reagent grade, supplied from Wako Pure Chemical
Industries, Ltd.). The resulting solution was filtered with
a microporous filter having a pore diameter of 0.2 pm to prepare
a coating solution. Then, the coating solution was spin-coated
on the substrate with ITO electrodes at a rate of 3,000 rpm
for 30 seconds. The coating was dried at room temperature
(25°C)forBOndnufestoforma]xmdnescentlayer. The thickness
of the luminescent layer was about 100 nﬁ.

Secondly, the substrate with the luminescent layer was
placed in a vacuum deposition chamber. Calcium and aluminum
were co-deposited in a weight ratioof 1:10 to form two cathodes,
each having a width of 3 mm, lined perpendicularly to the
longitudinal direction of the anodes. The thickness of the
cathodes was about 50 nm.

Finally, lead Wires (wirings) were attached to the anodes

and cathodes in argon atmosphere to obtain four pieces of organic
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EL elements, each 4 mm by 3 mm in size. The resultant organic
EL element was allowed to emit light by applying a voltage
with a programmable DC voltage/current source (TR6143, supplied
by ADVANTEST Corp.). The luminance of the element was measured
with a luminance meter (BM-8, manufactured by Topcon Corp.).
Table 1 shows the luminescence color, maximum luminance
external quantum efficiency (luminescence efficiency), and
the time (life) elapsed until the luminance of the element
was degraded by half when the element was subjected to continuous
light emission by applying a constant current to the element
at and an initial luminance of 100 cd/m?, and thereby forced

into deterioration.

Example 2

AnorganicELelementwas fabricatedandevaluatedsimilarly
to Example 1, except that 8.0 mg of the iridium complex.(Cl)
and 82 mg of the copolymer (1) were replaced by 90 mg of the

copolymer (2). The evaluation results are shown in Table 1.

Comparative Example 1

AnorganicELelement was fabricatedandevaluatedsimilarly
to Example 1, except that 8.0 mg of the iridium complex (C1)
were replaced by 8.0 mg of the following iridium complex (g).

The evaluation results are shown in Table 1.
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7 N\
=2

(9)

Comparative Example 2

AnorganicELelement was fabricatedandevaluatedsimilarly
to Example 2, except that 90 mg of the copolymer (2) were replaced
by 90 mg of the copolymer (3). The evaluation results are

shown in Table 1.
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CLAIMS

1. An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

5 one or plural organic layers formed between the pair of

the electrodes, said organic layer containing a luminescent
layer, .

wherein the luminescent layer contains a phosphorescent
compound represented by the following formula (1) and a

10 charge-transporting non-conjugated polymer,

in the formula (1), R' to R® each are independently hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another to form
15 a ring;
at least two of R! to R® are each the alkyl group; and
at least one of the alkyl groups is an alkyl group having

a tertiary or quaternary a-carbon atom.

20 2. The organic electroluminescence element according
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to claim 1, wherein all of the alkyl groups are each an alkyl

group having a tertiary or quaternary a-carbon atom.

3. The organic electroluminescence element according
to claim 2, wherein all of the alkyl groups having a tertiary

or quaternary a-carbon atom are each a tertiary butyl group.

4. An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

one or plural organic layers formed between the pair of
the electrodes, said organic layer containing a luminescent
layer,

whereiﬁ the luminescent layer contains a non-conjugated
polymer having a structural unit derived from a phosphorescent

compound represented by the following formula (2),

(2)

in the formula (2), R to R'® each are independently a
hydrogen atom or an alkyl group having 1 to 20 carbon atoms;

a plurality of the alkyl groups may be linked with one another
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to form a ring;

at least two of R to R'® are each the alkyl group;

at least one of the alkyl groups is an alkyl group having
a tertiary or quaternary oa-carbon atom;

R*! to R?® each are independently selected from the group
consisting of hydrogen atom, an alkyl group having 1 to 20 -
carbon atoms, and an alkenyl group having 2 to 20 carbon atoms;
the hydrogen atom of the alkyl groups may be substituted with
a polymerizable functional group; a plurality of the alkyl
groups may be linked with one another to form a ring; and

at least two of Rﬁ'to R?*® are not hydrogen atoms; and

at least one of R?*!' to R*® is the alkyl group, at least
one of whose hydrogen atoms is substituted with a polymerizable

functional group, or the alkenyl group.

5. The organic electroluminescence element according
to claim 4, wherein at least two of R!! to R!® are each a tertiary

butyl group.

6. The organic electroluminescence element according
to claim 4 or 5, wherein the non-conjugated polymer further
contains a structural unit derived from at least one kind of
polymerizable compound selected from the group consisting of

a hole~transporting polymerizable compound and an
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electron-transporting polymerizable compound.

7. A display device equipped with an organic

electroluminescence element according to any one of claims

5 1 to 6.
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