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(57) ABSTRACT

There is provided a material for an anode buffer layer which
permits the use of an organic solvent as a solvent of an anode

buffer layer-forming solution, and is capable of forming an
anode buffer layer that does not dissolve even when coated
with a luminescent layer-forming material solution contain-
ing an organic solvent as a solvent, and which is capable of
producing an organic EL element having high electrical
power efficiency and long life.

The composition for an anode buffer layer includes an elec-
tron-accepting compound and a high-molecular weight com-
pound having a structural unit represented by the following
formula (1) or the following formula (2) and having a weight
average molecular weight of 20,000 to 1,000,000 as mea-
sured by GPC:
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wherein in each of the formulae (1) and (2), plural R% are
each a hydrogen atom or an alkyl group, with at least one R¢
being the alkyl group, plural R’s are each a hydrogen atom or
an alkyl group, plural RS are each a hydrogen atom, an alkyl
group or the like, X is a single bond or the like, Y is a structure
derived from a vinyl group and the like, and p is O, 1 or 2.
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COMPOSITION FOR ANODE BUFFER
LAYER, HIGH-MOLECULAR WEIGHT
COMPOUND FOR ANODE BUFFER LAYER,
ORGANIC ELECTROLUMINESCENCE
ELEMENT, AND PRODUCTION PROCESS
AND USES OF THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a material for an
anode buffer layer constituting an organic electrolumines-
cence (hereinafter, also referred to as an “organic EL”) ele-
ment, an organic EL element using the same, and a production
method and uses of the same. In more detail, the present
invention relates to a composition for an anode buffer layer
comprising a particular polymer host material, or a high-
molecular weight compound for an anode buffer layer com-
prising a particular structural unit, and an organic EL. element
or the like using the same.

BACKGROUND ART

[0002] SinceC. W. Tang et al. of Eastman Kodak Company
invented organic EL. elements achieving high luminance
(Appl. Phys. Lett., Vol. 51, page 913, 1987) in 1987, there
have been rapid progresses in the development of materials
for the organic EL elements and in the improvement in ele-
ment structures. Practical uses of the organic EL. elements
have started recently in, e.g., displays of car audio systems
and cellular phones. In order to further expand the uses of the
organic EL (electroluminescence), the development of mate-
rials that provide improved luminous efficiency and durabil-
ity and the development of full color displays, etc. are cur-
rently underway in earnest.

[0003] The organic EL element requires a pair of electrodes
and a luminescent layer held by these. Between an anode and
the luminescent layer, an anode buffer layer (also called ahole
injection layer or the like) is optionally further provided adja-
cently to the anode, for the purposes of, e.g., decreasing the
voltage to drive the organic EL element, enhancing the cur-
rent efficiency, stabilizing the hole injection to enhance the
electrical power efficiency (ocluminous efficiency/driving
voltage) of the organic EL element in order for the organic EL
element to have a longer life, and coating a projection of the
anode and the like to decrease a defect of the element.

[0004] As amaterial for the anode buffer layer, there can be
mentioned, for example, a polymer material and an oligomer
material, and various materials have been known.

[0005] As the polymer material, for example, polyaniline,
polythiophene (e.g., polyethylene dioxythiophene (PE-
DOT)), and a material that is made conductive by mixing an
oxidant into a polymer having arylamine as a main chain or a
side chain are known (Non-Patent document 1).

[0006] For example, Patent document 1 (JP-A-2000-
36390), Patent document 2 (JP-A-2001-223084) and Patent
document 3 (JP-A-2002-252085) each describe a hole injec-
tion layer comprising an electron-accepting compound (an
oxidant) and a polymer that has a specific arylamine structure.
A method for forming the hole injection layer is described
therein as including the steps of preparing a coating solution
containing the electron-accepting compound and the polymer
that has a specific arylamine structure, coating an anode with
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the coating solution by means such as spin coating and dip
coating, and drying the solution.

CITATION LIST

Patent Document

[0007] Patent Document 1: JP-A-2000-36390
[0008] Patent Document 2: JP-A-2001-223084
[0009] Patent Document 3: JP-A-2002-252085

Non-Patent Document

[0010] Non-Patent Document 1: “Dictionary of Flat Panel
Display Technology”, supervised by Tatsuo UCHIDA and
Heiju UCHIIKE, First Edition, Kogyo Chosakai Publishing
Co., Ltd., 2001, pages 423-426

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0011] However, when using a polymer material solution
containing an organic solvent as a solvent to form an anode
buffer layer, applying thereon a solution of a luminescent
layer-forming material or the like to form a luminescent layer
sometimes resulted in the anode buffer layer being dissolved
by the solvent (organic solvent) during the formation of the
luminescent layer or the like.

[0012] Such a problem is in no way suggested in any of the
Patent documents 1 to 3, which disclose the technique of
forming the luminescent layer or the like on the anode buffer
layer (hole injection layer) by deposition method.

[0013] On the other hand, when using an aqueous solution
of a polymer material to form the anode buffer layer, the
above problem does not occur. However, while the polymer
material, often having an ionic group and the like, can
improve electrical power efficiency, the ion dispersion or the
like caused when the organic EL is driven frequently pro-
moted the deterioration of the organic EL element.

[0014] It is an object of the present invention to solve such
a problem as described above in the conventional art, and to
provide a material for an anode buffer layer which permits the
use of an organic solvent as a solvent of an anode buffer
layer-forming solution, and is capable of forming an anode
buffer layer that does not dissolve even when coated with a
luminescent layer-forming material solution containing an
organic solvent as a solvent, and which is capable of produc-
ing an organic EL element having high electrical power effi-
ciency and long life.

Means for Solving the Problem

[0015] The invention relates to, for example, the following
[1] to [10].

[0016] [1] A composition for an anode buffer layer com-
prising:

[0017] an electron-accepting compound, and

[0018] a high-molecular weight compound having a struc-

tural unit represented by the following formula (1) or the
following formula (2) and having a weight average molecular
weight of 20,000 to 1,000,000 as measured by GPC:
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wherein in each of the formulae (1) and (2);

[0019] plural R are each independently a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms, with at least
one R“ being the alkyl group having 1 to 10 carbon atoms;
[0020] plural R®s are each independently a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms;

[0021] plural R°s are each independently a hydrogen atom,
a halogen atom, a cyano group, an amino group, an alkyl
group having 1 to 10 carbon atoms, or an alkoxy group having
1 to 10 carbon atoms, and R“s each bonded to neighboring
carbon atoms in the same phenyl group may be bonded to one
another to form a condensed ring;

[0022] X is a single bond, —O— —S— —SO—,
—S0,—,—NR'— (wherein R' is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having 1 to
20 carbon atoms (wherein the organic group may contain an
atom or a group selected from the group consisting of —O—,
—S—,—S0—, —S0,—, —NR*— (wherein R* is a hydro-
gen atom, an alkyl group having 1 to 4 carbon atoms, or a
phenyl group), —CO— and —COO—.);

[0023] Y—X—is a group represented by:

R3

—C—CH,—

X—

[0024] (wherein R is a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms); and

[0025] pisO,1,0r2.

[0026] [2] A high-molecular weight compound for an
anode buffer layer comprising:

[0027] a structural unit represented by the following for-
mula (1) or the following formula (2), and
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[0028] a structural unit derived from an electron-accepting
compound having a polymerizable functional group, the said
high-molecular weight compound for an anode buffer layer
having a weight average molecular weight 0£20,000 to 1,000,
000 as measured by GPC:
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R¢ R¢ X
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R¢ R¢

R

R¢
RC R RC R

wherein in each of the formulae (1) and (2);

[0029] plural R are each independently a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms, with at least
one R“ being the alkyl group having 1 to 10 carbon atoms;
[0030] plural R%s are each independently a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms;

[0031] plural R°s are each independently a hydrogen atom,
a halogen atom, a cyano group, an amino group, an alkyl
group having 1 to 10 carbon atoms, or an alkoxy group having
1 to 10 carbon atoms, and R“s each bonded to neighboring
carbon atoms in the same phenyl group may be bonded to one
another to form a condensed ring;

[0032] X is a single bond, —O—, —S—, —SO—,
—S0,—,—NR'— (wherein R" is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having 1 to
20 carbon atoms (wherein the organic group may contain an
atom or a group selected from the group consisting of —O—,
—S—,—S0—, —S0,—, —NR*— (wherein R* is a hydro-
gen atom, an alkyl group having 1 to 4 carbon atoms, or a
phenyl group), —CO— and —COO—.);

[0033] Y—X-—is a group represented by:

R3

—C—CH,—
X—
[0034] (wherein R? is a hydrogen atom or an alkyl group

having 1 to 4 carbon atoms); and
[0035] pisO,1,o0r2.
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[0036] [3] The composition for an anode buffer layer as
described in the above [1], further comprising an organic
solvent.

[0037] [4] A composition for an anode buffer layer com-
prising the high-molecular weight compound for an anode
buffer layer as described in the above [2] and an organic
solvent.

[0038] [5] An organic electroluminescence element com-
prising an anode, an anode buffer layer, a luminescent layer
and a cathode that are laminated in this order, wherein the
anode buffer layer is formed by heating the composition for
an anode buffer layer of the above [1], [3] or [4], or the
high-molecular weight compound for an anode buffer layer of
the above [2].

[0039] [6] The organic electroluminescence element as
described in the above [5], further comprising a cathode
buffer layer.

[0040] [7] A method for producing an organic electrolumi-
nescence element comprising:

[0041] a first step of coating an anode with the composition
for an anode buffer layer of the above [3] or [4], and then
heating the composition to form an anode bufter layer,
[0042] asecond step of forming a luminescent layer on the
anode buffer layer, and

[0043] a third step of forming a cathode on the luminescent
layer, wherein the second step is a step 2A or a step 2B,
[0044]

[0045] coating a surface of the anode buffer layer with a
hole transport layer-forming solution comprising a hole
transport layer-forming material and an organic solvent, and
then removing the organic solvent to form a hole transport
layer which is contact with the anode buffer layer, and

the said step 2A comprising:

[0046] forming the luminescent layer on the hole transport
layer,

[0047] the said step 2B comprising:

[0048] coating a surface of the anode buffer layer with a

luminescent layer-forming solution comprising a lumines-
cent layer-forming material and an organic solvent, and then
removing the organic solvent to form the luminescent layer
which is in contact with the anode buffer layer.

[0049] [8] The method for producing an organic electrolu-
minescence element as described in the above [7], wherein
the second step is the step 2A, and the organic solvent con-
tained in the hole transport layer-forming solution contains,
as a constituent thereof, at least one constituent of the organic
solvent contained in the composition for an anode buffer
layer.

[0050] [9] The method for producing an organic electrolu-
minescence element as described in the above [7], wherein
the second step is the step 2B, and the organic solvent con-
tained in the luminescent layer-forming solution contains, as
a constituent thereof, at least one constituent of the organic
solvent contained in the composition for an anode buffer
layer.

[0051] [10] The method for producing an organic electrolu-
minescence element as described in any one of the above [7]
to [9], wherein the heating is carried out at 100 to 350° C. for
10 to 180 minutes.

[0052] [11] A display apparatus comprising the electrolu-
minescence element of the above [5] or [6].
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[0053] [12] A light irradiating apparatus comprising the
electroluminescence element of the above [5] or [6].

Effect of the Invention

[0054] By using the composition for an anode buffer layer
or the high-molecular weight compound for an anode buffer
layer of the invention, an organic solvent is employable as a
solvent of an anode buffer layer-forming solution, and an
anode buffer layer is formed which does not dissolve even
when coated with a luminescent layer-forming material solu-
tion containing an organic solvent as a solvent; and further-
more, an organic EL element is produced which has high
electrical power efficiency and long life.

BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1is a cross sectional view of an example of an
organic EL element according to the invention.

[0056] FIG. 2 schematically shows a method for measuring
the thickness of an anode buffer layer in Example.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

Composition for Anode Buffer Layer

[0057] The composition for an anode buffer layer of the
present invention comprises a particular high-molecular
weight compound, which is a host material, (hereinafter, also
referred to as a “high-molecular weight compound for a
host”) and an electron-accepting compound, which is a
dopant.

<High-Molecular Weight Compound for Host>
(Particular Structural Unit)

[0058] Thehigh-molecular weight compound for a host has
a structural unit represented by the following formula (1) or
the following formula (2) (hereinafter, also referred to as a
“particular structural unit”).
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[0059] In each of the formulae (1) and (2):

[0060] plural R%s are each independently a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms, with at least
one R“ being the alkyl group having 1 to 10 carbon atoms;
[0061] plural R%s are each independently a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms;

[0062] plural R°s are each independently a hydrogen atom,
a halogen atom, a cyano group, an amino group, an alkyl
group having 1 to 10 carbon atoms, or an alkoxy group having
1 to 10 carbon atoms, and R“s each bonded to neighboring
carbon atoms in the same phenyl group may be bonded to one
another to form a condensed ring;

[0063] X is a single bond, —O—, —S—, —SO—,
—80,—,—NR'— (wherein R* is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having 1 to
20 carbon atoms (wherein the organic group may contain an
atom or a group selected from the group consisting of —O—,
—S—,—S0—,—S0,—, —NR*— (wherein R* is a hydro-
gen atom, an alkyl group having 1 to 4 carbon atoms, or a
phenyl group), —CO— and —COO—);

[0064] Y—X— is a group represented by:

=

<&

R R

[0065] (wherein R? is a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms); and

[0066] pisO,1,or2, preferably Oor 1.

[0067] Ineach ofthe formulae (1) and (2), at least one R” is
an alkyl group having 1 to 10 carbon atoms, whereby in the
production of the organic EL element described later, an
organic solvent is employable as a solvent of an anode buffer
layer-forming solution, and an anode buffer layer is formed
which does not dissolve even when coated with a luminescent
layer-forming material solution containing an organic solvent
as a solvent (the fact that the anode buffer layer does not
dissolve even when coated with the luminescent layer-form-
ing material solution containing an organic solvent as a sol-
vent is also referred to as “insolubilization of an anode buffer
layer”); and furthermore an organic EL. element is produced
which has high electrical power efficiency and long life.
[0068] In abenzene ring having R“n the formulae (1) and
(2), preferably, at least one R* present at an ortho position
with respect to N (a nitrogen atom) is an alkyl group.
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[0069] In each benzene ring having R?, preferably, at least
one R? present at an ortho position with respect to N (a
nitrogen atom) is an alkyl group, too.

[0070] When an alkyl group is present at an ortho position
with respect to N (a nitrogen atom) as described above, it is
presumed that a torsion of a triphenylamine skeleton in the
above particular structural unit is large and the insolubiliza-
tion of the anode buffer layer is more promoted.

[0071] Accordingly, as a partial structure represented by:
R4 R?
R? R?
\ SIS P /

/N \}5/%( / A\

in the above particular structural unit represented by the for-
mula (1), preferred examples include the following struc-
tures:
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wherein, R is an alkyl group having 1 to 10 carbon atoms; the
same applies hereinafter.

[0072] Particularly preferred examples include the follow-
ing structures.
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[0073] In a similar manner, as a partial structure repre-
sented by:

—Yy—

|
S AL YA

in the above particular structural unit represented by the for-
mula (2), preferred examples include the following struc-
tures.
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[0074] Particularly preferred examples include the follow-
ing structures.

Y
X
\
N
/
R N—

[0075] Examples of the alkyl group in the R* include a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a tertiary butyl group,
an amyl group, and a hexyl group. In view of the easiness of
synthesizing monomers for deriving the above particular
structural unit, preferred are a methyl group, an ethyl group
and an isopropyl group, and particularly preferred is a methyl
group.

[0076] Examples of the alkyl group in the R® can be the
specific examples of the alkyl group for the R. In view of the
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easiness of synthesizing monomers for deriving the above
particular structural unit, preferred are a methyl group, an
ethyl group and an isopropyl group, and particularly preferred
is a methyl group.

[0077] In view of the solubility of the high-molecular
weight compound for a host in an organic solvent and the
homogenization of the solution, at least one (e.g., one) R° per
one benzene ring is preferably an alkyl group or an alkoxy
group.

[0078] Examples of the alkyl group in the R can be the
specific examples of the alkyl group for the R?, and preferred
are a methyl group, an ethyl group, a propyl group, a butyl
group and a tertiary group, and particularly preferred is a
methyl group.

[0079] Examples of the halogen atom in the R include a
fluorine atom, a chlorine atom, a bromine atom and an iodine
atom; and preferred is a fluorine atom.

[0080] Examples of the alkoxy group in the R include a
methoxy group, an ethoxy group, a propoxy group, a butoxy
group, an isopropoxy group, an isobutoxy group and a tertiary
butoxy group; preferred are a methoxy group, an ethoxy
group, a propoxy group and a butoxy group; and particularly
preferred is a methoxy group. An example of the condensed
ring is a naphthylene group.

[0081] X is a single bond, —O— —S—, —SO—,
—80,—,—NR'— (wherein R" is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having 1 to
20 carbon atoms (wherein the organic group may contain an
atom or a group selected from the group consisting of —O—,
—8—,—80—,—S0,—, —NR*— (wherein R? is a hydro-
gen atom, an alkyl group having 1 to 4 carbon atoms, or a
phenyl group), —CO— and —COO—). Among these, pre-
ferred are a single bond, —CO—, —COO—, and a divalent
organic group having 1 to 20 carbon atoms (wherein the
organic group may contain an atom or a group selected from
the group consisting of —O—, —CO— and —COO—).
[0082] As the structure represented by the Y—X—, pre-
ferred are Y— (X is a single bond), Y—O—,Y—COO—and
a group represented by any of the following formulae (S1) to
(S3) (in the following formulae (S1) to (S3), n is an integer of
0to5).

(S
(&) v

(82)

(83)

H,
—o-C 4+ Y

[0083] A polymerizable functional groupy for derivingY is
a group represented by CH,—CR>— (wherein R is a hydro-
gen atom or an alkyl group having 1 to 4 carbon atoms), such
as a vinyl group and an isopropenyl group. Among these, the
vinyl group is preferred.
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[0084] As a partial structure containing a polymerizable
functional group for deriving the structure represented by
Y—X—, specifically, partial structures represented by the
following formulae (Al) to (A13) are preferred. Among
these, more preferred are partial structures represented by the
following structures represented by the following formulae
(A1), (AS), (A8) and (A12) because these can be easily intro-
duced into monomers for deriving the particular structural
unit.

(AD

(A2)

(A3)

(Ad)
(A5)

(A6)
HC=CH,

-0

C E
&t
/

H,
CH
V4
e
" O N
A\
H, CH,

A7

(A8)

C
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-continued
(A9)
—CH2
HZC —CH,
(A10)
HZC —CH2 :
—CHZ
(A11)
HZC —CHZ
S CHZ HZC —CH,
(A12)
7 4®7
(A13)
I
—0—cC —C{I
\CHZ

(Specific Examples of Particular Structural Unit)

[0085] Specific examples of the above particular structural
unit include a structural unit represented by any of the fol-
lowing formulae (B-1) to (B-21).

B-1
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[0086] Among these, the structural unit represented by any
N of the formulae (B-11) to (B-21) is preferred.
R [0087] More preferred specific examples of the above par-
ticular structural unit include a structural unit represented by

any of the following formulae (B-22) to (B-32).

B-22
R
R
N
B-19 !
R R
N N O

R R R N
R R Q\
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B-31
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[0088] Among these, the structural unit represented by any
ofthe formulae (B-22), (B-26), (B-27) and (B-30) is particu-
larly preferred.

[0089] The high-molecular weight compound for a host
may comprise a single kind of the above particular structural

unit or two or more kinds of the above particular structural
unit.

(Method for Producing Monomer for Deriving Particular
Structural Unit)

[0090] A monomer for deriving the above particular struc-
tural unit can be produced by a hitherto known method, e.g.,
a method as described below.

<Exemplary Method for Producing Monomer for Deriving
Structural Unit Represented by Formula (1)>

[0091] As illustrated below, a biphenyl diamine derivative
(m-1)and ahalogenated aryl derivative (m-3) are subjected to
a coupling reaction using a general palladium catalyst, in a
solvent (e.g., toluene and xylene), thereby deriving (m-4) and
(m-4").
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[0092] Then, as illustrated below, (m-4) and (m-4"), and a

halogenated aryl (m-6) having a polymerizable substituent
are subjected to a coupling reaction using a general palladium
catalyst, thereby producing (m-7), which is one of the mono-
mers for deriving the structural unit represented by the for-
mula (1), together with (m-7").
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-continued
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0093] Furthermore, as illustrated below, a phenyl diamine
pheny

derivative (m-2) and the halogenated aryl derivative (m-3) are
subjected to a coupling reaction using a general palladium
catalyst, in a solvent (e.g., toluene and xylene), thereby deriv-
ing (m-5). Then, (m-5) and the halogenated aryl (m-6) having
a polymerizable substituent are subjected to a coupling reac-
tion using a general palladium catalyst, thereby deriving
(m-8), which is one of the monomers for deriving the struc-
tural unit represented by the formula (1).

R4 R4
HoN NH, +
R R
m-2
R R¢
Pd cat.
Hal RC —
R¢ R
m-3
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-continued
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<Exemplary Method for Producing Monomer for Deriving
Structural Unit Represented by Formula (2)>

[0094] As illustrated below, (m-9) and a diarylamine
(m-10) are subjected to a coupling reaction using a general
palladium catalyst, in a solvent (e.g., toluene and xylene),
thereby producing (m-11), which is one of the monomers for
deriving the structural unit represented by the formula (2).

a c c
Xy R RS
==\ Rre
|_\/ Pd cat.
Hal \ P + R RE ——»
I a
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m-9
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R R¢
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-continued
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[0095] Furthermore, (m-12), which is a coupling product
obtained using (m-9) and (m-10) at a ratio of 1:1, is reacted
with a triphenylamine compound (m-13) having a reactive
group Q (e.g., —B(OH), and a halogen atom) having a cou-
pling property with a halogen, thereby producing (m-14),
which is one of the monomers for deriving the structural unit
represented by the formula (2).
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y -continued
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[0096] R“ R R¢and X in the formulae (m-1)to (m-14) are
defined in the same manner as R%, R?, R° and X in the formu-
lae (1) and (2), respectively. y is a polymerizable substituent
for deriving Y in the formulae (1) and (2).

(Other Structural Unit)

[0097] The high-molecular weight compound for a host
may be a homopolymer comprising the above particular
structural unit alone, or may be a copolymer further compris-
ing a structural unit other than the above particular structural
unit (hereinafter, also referred to as “other structural unit”).
[0098] Specific examples of the above other structural unit
include a structural unit represented by the following formula
(3) and a structural unit represented by the following formula
.

©)

X /=l=\/RC R¢ R¢

N
N \ 7 ¢ «/\4 / g
H HA\H H/
R R RE Re

R® K R Re
Q)
_<_3|(_>_
X
R¢ | R¢
N
) O O )
R¢ R¢
R¢ R€
[0099] In each of the formulae (3) and (4);

[0100] plural R°s are each independently a hydrogen atom,
a halogen atom, a cyano group, an amino group, an alkyl
group having 1 to 10 carbon atoms, or an alkoxy group having
1 to 10 carbon atoms, and R“s each bonded to neighboring
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carbon atoms in the same phenyl group may be bonded to one
another to form a condensed ring;
[0101] X is a single bond, —O— —S—, —SO—,
—80,—,—NR'— (wherein R* is a hydrogen atom, an alky]
group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having 1 to
20 carbon atoms (wherein the organic group may contain an
atom or a group selected from the group consisting of —O—,
—S—,—SO—,—S0,—, —NR*— (wherein R* is a hydro-
gen atom, an alkyl group having 1 to 4 carbon atoms, or a
phenyl group), —CO— and —COO—.);
[0102] Y—X-— is a group represented by:

R3

—C—CH,—
X

[0103] (wherein R? is a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms); and

[0104] pisO,1,or2, preferably Oor 1.

[0105] Specific examples and preferred embodiments of R®
in the formula (3) can be the specific examples and preferred
embodiments of R in the formulae (1) and (2).

[0106] Specific examples and preferred embodiments of X
in the formula (3) can be the specific examples and preferred
embodiments of X in the formulae (1) and (2).

[0107] Specific examples and preferred embodiments of
Y—X— in the formula (3) can be the specific examples and
preferred embodiments of Y—X— in the formulae (1) and
(2). The polymerizable functional group y for deriving Y is
preferably a vinyl group.

[0108] Inasimilar manner, specific examples and preferred
embodiments of R in the formula (4) can be the specific
examples and preferred embodiments of R in the formulae
(1) and (2).

[0109] Specific examples and preferred embodiments of X
in the formula (4) can be the specific examples and preferred
embodiments of X in the formulae (1) and (2).

[0110] Specific examples and preferred embodiments of
Y—X— in the formula (4) can be the specific examples and
preferred embodiments of Y—X— in the formulae (1) and
(2). The polymerizable functional group y for deriving Y is
preferably a vinyl group.

[0111] Specific examples of the other particular structural
unit include the following structural units.

)
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(High-Molecular Weight Compound for Host)
[0113] The high-molecular weight compound for a host
may be a homopolymer comprising the above particular
structural unit alone, or may be a copolymer further compris-
ing the above other structural unit. This copolymer may be a
random copolymer or a block copolymer.
[0114] In view of the insolubilization of the anode buffer
layer, the high-molecular weight compound for a host com-
prises the above particular structural unit preferably in an
amount of 80% by mol or more, more preferably 90% by mol
or more, still more preferably 95% by mole or more.
[0115] In view of the insolubilization of the anode buffer
layer, the high-molecular weight compound for a host usually
has a weight average molecular weight as measured by GPC
(gel permeation chromatography) of not less than 20,000,
more preferably not less than 50,000, still more preferably not
less than 100,000. The upper limit is about 1,000,000 in view
of the solubility of the high-molecular weight compound for
a host itself. A value of this weight average molecular weight
is a value measured in accordance with a measurement
method in Examples described later.
[0116] Thehigh-molecular weight compound for ahostcan

be produced by an ordinary method in polymer production,
except that the production employs, as a raw material, the

20

Aug. 30,2012

monomer for deriving the above particular structural unit, and
optionally employs the monomer for deriving the above other
structural unit. The polymerization method may be any of
radical polymerization, cation polymerization, anion poly-
merization and addition polymerization, and is preferably
radial polymerization.

<Low-Molecular Weight Compound for Host>

[0117] The composition for an anode buffer layer of the
invention may comprise a low-molecular weight compound
for a host. Specific examples of the low-molecular weight
compound for a host include a compound represented by the
following formula (5) and a compound represented by the
following formula (6).

®)
R¢ R¢
RS RC
Re
RC
Re
RC
RS RE
R¢ RC
R R€ R¢ R¢
©)
RE
R¢ | R¢
N
) Q O )
R¢ Re
R¢ R¢
[0118] In each of the formulae (5) and (6);
[0119] plural R°s are each independently a hydrogen atom,

a halogen atom, a cyano group, an amino group, an alkyl
group having 1 to 10 carbon atoms, or an alkoxy group having
1 to 10 carbon atoms, and R“s each bonded to neighboring
carbon atoms in the same phenyl group may be bonded to one
another to form a condensed ring; and

[0120]
[0121] Specific examples and preferred embodiments of R®
in the formula (5) can be the specific examples and preferred
embodiments of R in the formula (3).

[0122] Specific examples and preferred embodiments of R®
in the formula (6) can be the specific examples and preferred
embodiments of R in the formula (4).

[0123] Examples of the low-molecular weight compound
for a host include compounds as described below.

pis 0, 1, or 2, preferably O or 1.
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<Electron-Accepting Compound>

[0124] Examples of the electron-accepting compound
include known compounds, such as N,N'-dicyano-2,3,5,6-
tetrafluoro-1,4-quinonediimine (F4DCNQI), N'N-dicyano-2,
5-dichloro-1,4-quinonediimine (C12DCNQI), N,N'-dicy-
ano-2,5-dichloro-3,6-difluoro-1,4-quinonediimine

(C12F2DCNQI), N'N-dicyano-2,3,5,6,7,8-hexafluoro-1,4-
naphthoquinonediimine (F6DCNNOI), 1,4,5,8-tetrahydro-1,
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4,5,8-tetrathia-2,3,6,7-tetracyanoanthraquinone
(CN4TTAQ), 7,7,88-tetracyanoquinodimethane (TCNQ),
2,3,5,6-tetrafluorotetracyano-1,4-benzoquinonedimethane
(FATCNQ), 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracyano-
quinodimethane, 2,5-difluoro-7,7,8,8-tetracyanoquin-
odimethane, bis(tetrabutylammonium)tetracyanodipheno-
quinodimethanide, 2,5-dimethyl-7,7,8,8-
tetracyanoquinodimethane, 2-fluoro-7,7,8,8-
tetracyanoquinodimethane, and 11,11,12,12-
tetracyanonaphtho-2,6-quinodimethane.

[0125] Ofthese, TCNQ and F4TCNQ are preferred, which
have a high solubility in an organic solvent (e.g., toluene) and
is capable of forming an anode buffer layer with high unifor-
mity.

<Composition for Anode Buffer Layer>

[0126] The composition for an anode buffer layer of the
invention comprises the high-molecular weight compound
for a host and the electron-accepting compound.

[0127] The electron-accepting compound is contained usu-
ally in an amount of 0.1 to 20 parts by mass, preferably 0.5 to
10 parts by mass, more preferably 1 to 5 parts by mass, based
on 100 parts by mass of a total of the high-molecular weight
compound for a host and the low-molecular weight com-
pound for a host, which is an optional component. When the
amount is within the above range, the anode buffer layer
exhibits sufficient charge injection ability. On the other hand,
if the amount is more than the above range, deterioration of
the organic EL element maybe caused by the crystallization
of the electron-accepting compound and the like.

[0128] The low-molecular weight compound for a host is
used in an amount of 3 to 20 parts by mass, preferably 5 to 10
parts by mass, based on 100 parts by mass of the high-
molecular weight compound for a host.

[0129] The composition may further comprise an organic
solvent.
[0130] The composition comprising the organic solvent is

employable as a coating liquid for forming an anode buffer
layer.

[0131] As the organic solvent, various organic solvents are
employable, with examples thereof including aromatic sol-
vents such as toluene, xylene and anisole, and halogenated
alkyl solvents such as chloroform and dichloroethane. The
organic solvent may be composed of two or more kinds of
components (e.g., Xylene and toluene).

[0132] The content of the organic solvent in the composi-
tion can be arbitrarily determined in view ofthe thickness and
the formation conditions of the anode buffer layer to be
formed. As a guide, the organic solvent is prepared such that
the content of solid components (a total amount of compo-
nents excluding the organic solvent) in the composition is
preferably 0.1 to 4% by mass, more preferably 0.4 to 2% by
mass.

[High-Molecular Weight Compound for Anode Buffer Layer]

[0133] The high-molecular weight compound for an anode
buffer layer of the present invention comprises the above
particular structural unit, and a structural unit derived from an
electron-accepting compound having a polymerizable func-
tional group (hereinafter, also referred to as an “electron-
accepting structural unit™).
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[0134] The use ofthe high-molecular weight compound for
an anode buffer layer for the formation of an anode buffer
layer further lengthens the luminous life of the organic EL
element.

(Particular Structural Unit)

[0135] Details of the above particular structural unit (e.g., a
structure, preferable embodiments and a production method)
are as described above.

(Electron-Accepting Structural Unit)

[0136] The electron-accepting structural unit is derived
from an electron-accepting compound having a polymeriz-
able functional group.

[0137] Examples of the electron-accepting compound hav-
ing a polymerizable functional group include compounds
obtained by substituting one hydrogen atom (or a fluorine
atom, or a cyano group) of the electron-accepting compound
listed above with a polymerizable functional group.

[0138] Examples of the polymerizable substituent include
polymerizable substituents represented by the formulae (A1)
to (A13) as described above.

(Other Structural Unit)

[0139] The high-molecular weight compound for an anode
buffer layer may comprise the “other structural unit” as
described above.

(High-Molecular Weight Compound for Anode Buffer Layer)

[0140] The high-molecular weight compound for an anode
buffer layer comprises the electron-accepting structural unit
in an amount of 0.1 to 20% by mol, preferably 0.5 to 10% by
mol, more preferably 1 to 5% by mol, wherein the total
amount of the high-molecular weight compound for an anode
buffer layer is 100% by mol. When the content is within the
above range, the anode buffer layer exhibits sufficient charge
injection ability.

[0141] In view of the insolubilization of the anode buffer
layer, preferably not less than 80% by mol, more preferably
not less than 90% by mol, and still more preferably not less
than 95% by mol of the residue is occupied by the above
particular structural unit, wherein the amount of the residue
(i.e., atotal amount of structural units other than the electron-
accepting structural unit in the high-molecular weight com-
pound for an anode buffer layer) is 100% by mol.

[0142] In view of the insolubilization of the anode buffer
layer, the high-molecular weight compound for an anode
buffer layer usually has a weight average molecular weight as
measured by GPC (gel permeation chromatography) of not
less than 20,000, more preferably not less than 50,000, still
more preferably 100,000. The upper limit is about 1,000,000
in view of the solubility of the high-molecular weight com-
pound for a host itself. A value of the weight average molecu-
lar weight is a value measured by a measurement method in
Examples described later.

[0143] The high-molecular weight compound for an anode
buffer layer can be produced by an ordinary method in poly-
mer production, except that the production employs, as a raw
material, the monomer for deriving the above particular struc-
tural unit and the electron-accepting compound having a
polymerizable functional group, and optionally employs the
monomer for deriving the above other structural unit. The
polymerization method may be any of radical polymeriza-
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tion, cation polymerization, anion polymerization and addi-
tion polymerization, and is preferably radial polymerization.

(Composition Comprising High-Molecular Weight Com-
pound for Anode Buffer Layer)

[0144] The high-molecular weight compound for an anode
buffer layer of the invention may be in the form of a compo-
sition containing other components.

[0145] Exemplary other components are the low-molecular
weight compound for a host and the solvent as described
above.

[0146] The low-molecular weight compound for a host is
contained preferably in an amount of 3 to 20 parts by mass,
more preferably 5 to 10 parts by mass, based on 100 parts by
mass of the high-molecular weight compound for an anode
buffer layer.

[0147] The content of the organic solvent in the composi-
tion can be arbitrarily determined in view of'the thickness and
the formation conditions of the anode buffer layer to be
formed. As a guide, the organic solvent is prepared such that
the content of solid components (a total amount of compo-
nents excluding the organic solvent) in the composition is
preferably 0.1 to 4% by mass, more preferably 0.4 to 2% by
mass. [0136]

Organic EL Element and Production Method
Thereof

[0148] The organic EL element of the invention comprises
an anode, an anode buffer layer, a luminescent layer and a
cathode that are laminated in this order. The anode bufter
layer is formed by coating the anode with the composition for
an anode buffer layer or the high-molecular weight com-
pound for an anode buffer layer of the invention, and then
heating the composition or the high-molecular weight com-
pound.

[0149] Hereinafter, a structure of the organic EL element of
the invention is described.

<1. Structure of Element>

[0150] FIG.1is across-sectional view showing an example
of a structure of the organic EL element of the invention.
Between an anode 2 and a cathode 5 which are provided on a
transparent substrate 1, an anode buffer layer 3 and a lumi-
nescent layer 4 are laminated in order.

[0151] The structure of the organic EL element of the
invention is not limited to the example of FIG. 1, and there can
be mentioned an element structure in which (1) an anode
buffer layer/a hole transport layer/a luminescent layer, (2) an
anode buffer layer/a luminescent layer/an electron transport
layer, (3) an anode buffer layer/a hole transport layer/a lumi-
nescent layer/an electron transport layer, (4) an anode buffer
layer/a layer that contains a hole-transporting compound, a
luminescent compound and an electron-transporting com-
pound, (5) an anode buffer layer/a layer that contains a hole-
transporting compound and a luminescent compound, (6) an
anode buffer layer/a layer that contains a luminescent com-
pound and an electron-transporting compound, (7) an anode
buffer layer/a layer that contains a hole electron-transporting
compound and a luminescent compound, or (8) an anode
buffer layer/a luminescent layer/a hole block layer/an elec-
tron transport layer, is provided between the anode and the
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cathode in order. The number of the luminescent layer shown
in FIG. 1 is one, but two or more luminescent layers may be
provided.

[0152] Inthe present specification, a compound and a layer
comprising all of, or one or more of an electron-transporting
compound, a hole-transporting compound and a luminescent
compound are also referred to as an “organic EL compound”
and an “organic EL compound layer”, respectively.

<2. Anode>

[0153] As the anode, preferred employable substances are
those having a surface resistivity in the temperature range of
-51t0 80° C. of not more than 1000Q[], more preferably not
more than 100Q[].

[0154] In the case where light is extracted from the anode
side of the organic EL element (in the case of bottom emis-
sion), the anode needs to be transparent to visible light (aver-
age transmittance for the light of 380 to 680 nm: not less than
50%). In view of this, examples of a material for the anode are
indium tin oxide (ITO) and indium zinc oxide (IZO). Of
these, ITO is preferable, which is easy to obtain as a material
for the anode of the organic EL element.

[0155] Inthecase where light is extracted from the cathode
side of the organic EL element (in the case of top emission),
light transmittance of the anode is not restricted, and employ-
able examples of a material for the anode are ITO, 1ZO,
stainless steel; a simple metal of copper, silver, gold, plati-
num, tungsten, titanium, tantalum or niobium; and an alloy of
these metals.

[0156] In order to realize high light transmittance, the
thickness of the anode is preferably 2 to 300 nm in the case of
the bottom emission, and is preferably 2 nm to 2 mm in the
case of the top emission.

<3. Anode Buffer Layer>

[0157] The anode buffer layer is formed by coating the
anode with the composition for an anode buffer layer or the
high-molecular weight compound for an anode buffer layer of
the invention, and heating the composition or the high-mo-
lecular weight compound.

[0158] Inthecoating operation, known coating methods are
employable, such as spin coating, casting, microgravure coat-
ing, gravure coating, bar coating, roll coating, wire bar coat-
ing, dip coating, spray coating, screen printing, flexography,
offset printing and ink jet printing.

[0159] In the heating operation subsequent to the coating
operation, the heating temperature is, as a guide, for example,
70° C. or higher, preferably 100 to 350° C., more preferably
150 to 250° C., in view of preventing the anode buffer layer
from dissolving and preventing the anode buffer layer from
being thermally decomposed during the formation of the
organic EL. compound layer as described later.

[0160] The heating time is preferably 10 to 180 minutes,
more preferably 30 to 120 minutes in view of preventing the
anode buffer layer from dissolving during the formation of
the organic EL compound layer as described later.

[0161] The anode buffer layer formed by applying and
heating the composition for an anode buffer layer or the
high-molecular weight compound for an anode buffer layer of
the invention has a high resistance against an organic solvent,
and therefore, is difficult to dissolve even when this anode
buffer layer is coated with a solution of a material for forming
the luminescent layer and the like containing an organic sol-
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vent as a solvent. Thus, even when the solution ofthe material
for forming the luminescent layer and the like used to form
the luminescent layer and the like (e.g., the luminescent layer
and the hole transport layer) on the anode buffer layer so as to
be in contact with the anode buffer layer, contains the same
solvent as the organic solvent contained in the composition
for an anode buffer layer, the anode buffer layer hardly dis-
solves, and on the anode buffer layer, the luminescent layer
and the like contacting with the anode buffer layer can be
laminated by way of coating.

[0162] When the extent of the insolubilization of the anode
buffer layer is evaluated, for example, based on a decrease
rate of the thickness of the anode buffer layer subjected to the
following treatment, i.e., (1-thickness after treatment/thick-
ness before treatment)x100 [%], the decrease rate is, for
example, not more than 30%, preferably not more than 10%,
more preferably not more than 5%.

[0163] [Treatment]: A substrate (25 mm square, plate thick-
ness: 1.1 mm, blue plate glass) having an anode buffer layer
with a thickness of 20 nm provided on the surface is set in a
spin coater. Then, 0.10 mL of toluene is dropped on the anode
buffer layer. This is followed by rotation at 3,000 rpm for 30
seconds. This rotation is started within 5 seconds from the
completion of the dropping of toluene. Thereafter, the anode
buffer layer is allowed to stand under nitrogen atmosphere at
140° C. for 1 hour.

[0164] The thickness of the anode buffer layer is preferably
5 to 50 nm, more preferably 10 to 30 nm in terms of allowing
the anode buffer layer to exhibit its effect as a buffer layer and
preventing the increase in the driving voltage of the organic
EL element.

<4. Organic EL Compound Layer>

[0165] In the organic EL element of the invention, for the
organic EL compound layers, i.e., the luminescent layer, the
hole transport layer and the electron transport layer, any of
low-molecular weight compounds and high-molecular
weight compounds are employable.

[0166] As organic EL compounds for forming the lumines-
cent layer of the organic EL element of the invention, employ-
able are luminescent low-molecular weight compounds and
luminescent high-molecular weight compounds that are
described in Yutaka Ohmori: Oyo Butsuri (Applied Physics),
Vol. 70, No. 12, pp. 1419-1425 (2001). Of them, the lumines-
cent high-molecular weight compounds are preferred in
terms of being able to simplify an element preparation pro-
cess, and phosphorescent compounds are preferred in terms
of having high luminous efficiency. Therefore, phosphores-
cent high-molecular weight compounds are particularly pre-
ferred.

[0167] The luminescent high-molecular weight com-
pounds can be classified into conjugated luminescent high-
molecular weight compounds and non-conjugated lumines-
cent high-molecular weight compounds. Of these, the non-
conjugated luminescent high-molecular weight compounds
are preferred.

[0168] From the above reasons, as the luminescent material
employed in the invention, particularly preferred are phos-
phorescent non-conjugated high-molecular weight com-
pounds (luminescent materials that are the phosphorescent
high-molecular weight compounds and are the non-conju-
gated luminescent high-molecular weight compounds).
[0169] The luminescent layer in the organic EL element of
the invention comprises at least a phosphorescent high-mo-
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lecular weight compound preferably having, in one molecule,
a phosphorescent unit that emits phosphorescence and a car-
rier transporting unit that transports a carrier. The phospho-
rescent high-molecular weight compound is obtained by
copolymerizing a phosphorescent compound having a poly-
merizable substituent and a carrier transporting compound
having a polymerizable substituent. The phosphorescent
compound is a metal complex containing one metal element
selected from iridium, platinum and gold, and above all, an
iridium complex is preferred.

[0170] More specific examples of the phosphorescent high-
molecular weight compound and the synthesis methods are
disclosed in, for example, Patent Literatures JP-A-2003-
342325, JP-A-2003-119179, JP-A-2003-113246, JP-A-
2003-206320, JP-A-2003-147021, JP-A-2003-171391,
JP-A-2004-346312 and JP-A-2005-97589.

[0171] The luminescent layer in the organic EL element
produced by the process of the invention, preferably being a
layer containing the phosphorescent compound, may contain
a hole-transporting compound or an electron-transporting
compound in order to compensate for the carrier transporting
property of the luminescent layer. Examples of the hole-
transporting compounds used for this purpose include low-
molecular weight triphenylamine derivatives, such as TPD
(N,N'-dimethyl-N,N'-(3-methylphenyl)-1,1'-biphenyl-4,4'-
diamine), a.-NPD (4,4'-bis|N-(1-naphthyl)-N-phenylamino]
biphenyl) and m-MTDATA (4,4',4"-tris(3-methylphenylphe-
nylamino)triphenylamine);  polyvinylcarbazole;  high-
molecular weight compounds obtained by introducing
polymerizable functional groups into the above tripheny-
lamine derivatives and polymerizing them, such as high-mo-
lecular weight compounds of triphenylamine skeleton dis-
closed in JP-A-08-157575; polyparaphenylenevinylene; and
polydialkylfluorene. As the electron-transporting com-
pounds, employable are known electron-transporting com-
pounds, e.g., low-molecular weight materials, such as quino-
linol derivative metal complexes, specifically Alq3(tris(8-
hydroxyquinolinato)aluminum (II1)), oxadiazole derivatives,
triazole derivatives, imidazole derivatives, triazine deriva-
tives and triarylborane derivatives;, and high-molecular
weight compounds obtained by introducing polymerizable
functional groups into the above low-molecular weight elec-
tron-transporting compounds and polymerizing them, such as
poly PBD disclosed in JP-A-10-1665.

(Method for Forming Organic EL. Compound Layer)

[0172] In the case where the organic EL. compound is the
luminescent high-molecular weight compound, the organic
EL compound layer can be formed by coating method, such
as spin coating, casting, microgravure coating, gravure coat-
ing, bar coating, roll coating, wire bar coating, dip coating,
spray coating, screen printing, flexography, offset printing
and ink jet printing.

[0173] As described above, the anode buffer layer formed
from the composition for an anode buffer layer or the high-
molecular weight compound for an anode buffer layer of the
invention has a high resistance against an organic solvent, and
therefore is difficult to dissolve even when the surface of the
anode buffer layer is coated with the organic EL compound
solution containing an organic solvent as a solvent.

[0174] On the other hand, in the case where the organic EL
compound is the luminescent low-molecular weight com-
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pound, the organic EL compound layer can be formed mainly
by resistance heating deposition method or electron beam
deposition method.

<5. Hole Block Layer>

[0175] In order to inhibit the passing of holes through the
luminescent layer and thereby efficiently recombining holes
with electrons in the luminescent layer, a hole block layer
may be provided adjacently to the cathode side of the lumi-
nescent layer. As the hole block layer, employable is a com-
pound which has a deeper highest occupied molecular orbital
(HOMO) level than that of the luminescent compound.
Examples of such a compound include triazole derivatives,
oxadiazole derivatives, phenanthroline derivatives and alumi-
num complexes.

[0176] Moreover, in order to prevent deactivation of exci-
ton by a cathode metal, an exciton block layer may be pro-
vided adjacently to the cathode side of the luminescent layer.
As the exciton block layer, employable is a compound having
larger excitation triplet energy than that of the luminescent
compound. Examples of such a compound include triazole
derivatives, phenanthroline derivatives and aluminum com-
plexes.

<6. Cathode>

[0177] As a material for the cathode of the organic EL
element of the invention, employable is a material which has
a low work function and which is chemically stable.
Examples of such a material include known cathode materi-
als, such as Al, an MgAg alloy and alloys of Al and alkali
metals, specifically, AlLi and AlCa. In view of chemical sta-
bility, the work function is preferably not more than -2.9 eV.
As a method for forming a film of such a cathode material,
employable is resistance heating deposition method, electron
beam deposition method, sputtering method, ion plating
method or the like. The thickness of the cathode is preferably
in the range of 10 nm to 1 um, more preferably 50 to 500 nm.
[0178] In order to lower a barrier to the injection of elec-
trons from the cathode to the organic layer thereby enhancing
electron injection efficiency, a metal layer having a lower
work function than that of the cathode may be interposed as a
cathode buffer layer between the cathode and an organic layer
adjacent to the cathode. Examples of metals with low work
function employable for such purpose include alkali metals
(Na, K, Rb, Cs), alkaline earth metals (Sr, Ba, Ca, Mg), and
rare earth metals (Pr, Sm, Eu, Yb). Further, an alloy or a metal
compound can be also used provided that it has a lower work
function than that of the cathode. As a method for forming
such a cathode buffer layer, deposition method, sputtering
method or the like is employable. The thickness of the cath-
ode buffer layer is preferably in the range of 0.05 to 50 nm,
more preferably 0.1 to 20 nm, still more preferably 0.5 to 10
nm.

[0179] The cathode buffer layer may be formed from a
mixture of the above substance having a low work function
and an electron-transporting compound. As the electron-
transporting compound employed herein, employable is the
aforesaid organic compound used for the electron transport
layer. As a film formation method in this case, a co-deposition
method is employable. When the film formation by applica-
tion of a solution is possible, the above-mentioned film for-
mation methods are employable, such as spin coating, dip
coating, ink jet method, printing, spraying and dispenser
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method. The thickness of the cathode buffer layer in this case
is preferably in the range of 0.1 to 100 nm, more preferably
0.5 to 50 nm, still more preferably 1 to 20 nm. Between the
cathode and the organic substance layer, there may be pro-
vided a layer formed from a conductive high-molecular
weight compound, or a layer formed from a metal oxide, a
metal fluoride, an organic insulating material or the like and
having an average film thickness of not more than 2 nm.

<7. Sealing>

[0180] The preparation of the cathode may be followed by
the provision of a protective layer for protecting the organic
EL element. In order to stably use the organic EL element for
a long period of time, the provision of the protective layer
and/or a protective cover to externally protect the element is
preferred. As the protective layer, employable examples are a
high-molecular weight compound, a metal oxide, a metal
fluoride, and a metal boride. As the protective cover, employ-
able examples are a glass plate, a plastic plate with a surface
having been subjected to treatment for lowering water per-
meability, and a metal. A preferable method is to laminate the
cover onto the substrate of the element with a thermosetting
resin or a photo-curing resin to seal the element. The use of a
spacer to hold a space easily prevents the element from being
damaged. Filling the space with an inert gas such as nitrogen
or argon can prevent oxidation of the cathode, and further-
more, placing a desiccant such as barium oxide in the space
easily prevents water adsorbed on the element during the
production process from doing damage to the element. Tak-
ing one or more measures among these is preferred.

<8. Substrate>

[0181] As the substrate of the organic EL element of the
invention, employable is a material which satisfies mechani-
cal strength required for the organic EL element.

[0182] The organic EL element of bottom emission type
employs a substrate transparent to visible light. Employable
are, specifically, substrates made of glass, such as soda glass
and no-alkali glass; a transparent plastic, such as an acrylic
resin, a methacrylic resin, a polycarbonate resin, a polyester
resin and a nylon resin; and silicon.

[0183] In addition to the substrates employable for the
organic EL element of bottom emission type, the organic EL.
element of top emission type can employ substrates made of
a simple metal of copper, silver, gold, platinum, tungsten,
titanium, tantalum or niobium, an alloy of these metals, or
stainless steel.

[0184] The thickness ofthe substrate is preferably 0.1 to 10
mm, more preferably 0.25 to 2 mm, though depending upon
the mechanical strength required.

Uses

[0185] The organic EL element of the invention is favor-
ably used as a picture element of a matrix system or a segment
system in an image display apparatus. Further, the organic EL
element is favorably used also as a surface emission light
source without forming a picture element.

[0186] More specifically, the organic EL element of the
invention is favorably used for display apparatus in, e.g.,
computers, televisions, portable terminals, cellular phones,
car navigations, markings, signboards and view finders of
video cameras, and for light irradiating apparatus e.g., back

Aug. 30,2012

light, electrophotography, illumination, resist exposure light,
reading apparatus, interior illumination and optical commu-
nication system.

EXAMPLES

[0187] Hereinafter, the present invention is further
described with reference to the following examples, but it
should be construed that the present invention is in no way
limited to these examples.

[Measurement Method]

<Molecular Weight of High-Molecular Weight Compound
for Host Etc.>

[0188] The weight-average molecular weight (in terms of

styrene) and the molecular weight distribution index (Mw/

Mn) of the high-molecular weight compound for a host were

measured by gel permeation chromatography (GPC) under

the following conditions.

[0189] Apparatus: Shodex GPC-101, manufactured by
Showa Denko K.K.

[0190] Column: Shodex KF-G+KF804L+KF802+KF801
[0191] Eluting solution: tetrahydrofuran (THF)

[0192] Flow rate: 1 mL/min

[0193] Column temperature: 40° C.

<Decrease Rate of Thickness of Anode Buffer Layer>

[0194] (Preparation of Substrate with Anode Buffer Layer)
[0195] A substrate was coated with the composition for an
anode buffer layer used in each Example and Comparative
Example described later by spin coating method (conditions:
3,000 rpm, 30 seconds). The substrate was the same as a glass
substrate constituting a glass substrate with an ITO film that
was used in each Example and Comparative Example
described later. The resulting coating film was allowed to
stand under nitrogen atmosphere at 210° C. (80° C. for
Example 3 alone) for 1 hour, thereby preparing a substrate (a)
with an anode buffer layer. Furthermore, in a similar manner,
a substrate (b) with an anode buffer layer was prepared.

(Measurement of Thickness of Anode Buffer Layer)

[0196] Part of the anode buffer layer of the substrate (a)
with the anode buffer layer was scratched with a needle so as
to expose the substrate (a substrate surface thus exposed is
also referred to as a “substrate exposed portion”). Using an
AFM (atomic force microscope), a surface at the anode buffer
layer side of the substrate (a) with the anode buffer layer was
observed in such a manner that the substrate exposed portion
was traversed as shown in FIG. 2, thereby measuring the
thickness of the anode buffer layer (hereinafter, also referred
to as an “anode buffer layer before dissolution test treat-
ment”).

(Calculation of Decrease Rate)

[0197] The anode buffer layer of the substrate (b) with the
anode buffer layer was subjected to dissolution test treatment
as described below.

[Dissolution Test Treatment]:

[0198] On the anode buffer layer, 0.10 mL of an organic
solvent was dropped, and then, the specimen was rotated at
3,000 rpm for 30 seconds. This rotation was started within 5
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seconds from the completion of the dropping of the organic
solvent. Thereafter, the specimen was allowed to stand under
nitrogen atmosphere at 140° C. for 1 hour. In Examples 1-(a)
to (¢), 2, 3, 4-(a) to (c), and Comparative Examples 1 to 3,
toluene was used. In Examples 5-(a) to (d) and 6, and Com-
parative Examples 4-(a) to (¢) and 5, xylene was used.

[0199] Then, the thickness of the anode buffer layer of the
substrate (b) with the anode buffer layer (hereinafter, also
referred to as an “anode buffer layer after dissolution test
treatment”) was measured in the same manner as in the sub-
strate (a) with the anode buffer layer, and a “decrease rate
(%)” of the thickness of the anode buffer layer defined in the
following formula was calculated.
Decrease rate=(1-thickness of anode buffer layer after

dissolution test treatment/thickness of anode buffer
layer before dissolution test treatment)x100

Synthesis Example 1

[0200] <Synthesis of pHMTPD>

[0201] A compound represented by the following formula
(hereinafter, also referred to as “viHMTPD”) was synthe-
sized in accordance with the method as described in JP-A-
2005-200638 ([0112]).

/

)
()

(viHMTPD)

[0202] Into asealed vessel, viHMTPD (500 mg) was intro-
duced, and dehydrated toluene (9.9 mL) was added, and then
a toluene solution (0.1M, 198 uL) of a polymerization initia-
tor (product name: V-601, manufactured by Wako Pure
Chemical Industries, [td.) was added. After repeating freeze
deaeration operation five times, these were vacuum sealed,
and stirred at 60° C. for 60 hours, thereby being reacted. The
reaction liquid was dropped in 500 mL of acetone to obtain a
precipitate. After repeating re-precipitation purification
operation with toluene-acetone two times, the precipitate was
vacuum dried at 50° C. overnight, thereby obtaining a high-
molecular weight compound for ahost (pHMTPD). The high-
molecular weight compound for a host (pHMTPD) had a
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weight average molecular weight of 68,000, and had a
molecular weight distribution index (Mw/Mn) of 1.96.

Synthesis Example 2

[0203] <Synthesis of pHMTPD-2>

[0204] The same operation was carried out as in Synthesis
Example 1, except that the concentration of the toluene solu-
tion of the polymerization initiator (product name: V-601)
was 0.2 M, thereby obtaining a high-molecular weight com-
pound for a host (pHMTPD-2). The high-molecular weight
compound for a host (pHMTPD-2) had a weight average
molecular weight of 22,000, and had a molecular weight
distribution index (Mw/Mn) of 1.86.

Synthesis Example 3

[0205] <Synthesis of pTmTDMPD>

Synthesis of N,N,N'-tri-m-tolyl-2,5-dimethyl-1,4-

phenylenediamine
[0206]

Pd(OAc),/
tBugP/
tBuOK

H,N NH, *+ —_—
xylene
I
N
; N
H
[0207] Into 100 mL three-necked flask with a condenser

tube, 2,5-dimethyl-1,4-phenylenediamine (1.362 g (10
mmol)) was introduced, and the flask was purged with nitro-
gen. Into the flask, dehydrated xylene (60 mL) and 3-iodot-
oluene (5.233 g (24 mmol)) were added, and the mixture was
stirred. Then, palladium acetate (337 mg (1.5 mmol)), potas-
sium-t-butoxide (4.040 g (36 mmol)), a solution of tri-t-bu-
tylphosphine:xylene=1:1 (1.8 mL (4.5 mmol)) were added,
and the mixture was refluxed for 2 hours. Then, 3-iodotoluene
(1.308 g (6 mmol)) was added, and the mixture was refluxed
for 2 hours, and further, 3-iodotoluene (1.308 g (6 mmol))
was added, and the mixture was refluxed for 3 hours.

[0208] After the reaction, the mixture was cooled to room
temperature, and was subjected to Celite filtration using a
dichloromethane solvent. From the filtrate, the solvent was
evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography (hexane:
toluene=1:1), thereby obtaining 1.88 g of N,N,N'tri-m-tolyl-
2,5-dimethyl-1,4-phenylenediamine (yield: 46%).
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Synthesis of vImTDMPD

+

Pd(OAc),/tBuzP/tBuOK/DBC
xylene
Br

S

\

vImTDMPG
[0209] Into 50 mL three-necked flask with a condenser
tube, N,N,N'-tri-m-tolyl-2,5-dimethyl-1,4-phenylenedi-

amine (610 mg (1.5 mmol)) and 2,6-di-t-butyl-p-cresol
(DBC) (20 mg) were introduced, and the flask was purged
with nitrogen. Into the flask, 3-bromostyrene (366 mg (2
mmol))), dehydrated xylene (20 mL), palladium acetate (23
mg (0.1 mmol)), potassium-t-butoxide (191 mg (1.7 mmol)),
and a solution of tri-t-butylphosphine:xylene=1:1 (0.12 mL
(0.3 mmol)) were added. With stirring, the mixture was
refluxed for 6 hours.

[0210] After the reaction, the mixture was cooled to room
temperature, and was subjected to Celite filtration using a
dichloromethane solvent. From the filtrate, the solvent was
evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography (hexane:
chloroform=100:0—48:52), thereby obtaining a purified
product. The purified product was recrystallized with dichlo-
romethane-methanol, thereby obtaining 640 mg of vImTD-
MPD, which was an intended product (yield: 84%).

[0211] Synthesis of pTmTDMPD

[0212] Into a sealed vessel, vImTDMPD (500 mg) was
introduced, and dehydrated toluene (5.0 mL) was added, and
then a toluene solution (0.1 M, 50 uL.) of a polymerization
initiator (product name: V-601, manufactured by Wako Pure
Chemical Industries, [.td.) was added. A subsequent opera-
tion was carried out in the same manner as in Synthesis
Example 1, thereby obtaining a high-molecular weight com-
pound for a host (p Tm'TDMPD). The high-molecular weight
compound for a host (pTmTDMPD) had a weight average
molecular weight of 110,000, and had a molecular weight
distribution index (Mw/Mn) of 2.23.

27
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Synthesis Example 4

[0213] Synthesis of pHMTPD-TPD

[0214] Into a sealed vessel, viHMTPD (475 mg), and
viTPD (25 mg) obtained in Synthesis Example 5 described
later were introduced, and dehydrated toluene (5.0 mL) was
added, and then a toluene solution (0.1 M, 50 pL) of a poly-
merization initiator (product name: V-601, manufactured by
Wako Pure Chemical Industries, Ltd.) was added. A subse-
quent operation was carried out in the same manner as in
Synthesis Example 1, thereby obtaining a high-molecular
weight compound for a host (pHMTPD-TPD). The high-
molecular weight compound for a host (pHMTPD-TPD) had
aweight average molecular weight of 100,000, had a molecu-
lar weight distribution index (Mw/Mn) of 2.30, and had a
molar ratio such that a structural unit derived from viHMT-
PD:a structural unit derived from viTPD=94:6.

Synthesis Example 5

[0215] <Synthesis of pTPD>

[0216] A monomer (viTPD, a mixture of compounds rep-
resented by the following formulae) was synthesized in
accordance with the method as described in JP-A-2005-
97589 (Example 1).

/

)
()
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-continued

/7

()
(

[0217] Polymerization and purification were carried out in
the same manner as in Synthesis Example 1, except that
viHMTPD (500 mg) was replaced with viTPD (450 mg),
thereby obtaining a high-molecular weight compound for a
host (pTPD). The high-molecular weight compound for a
host (pTPD) had a weight average molecular weight of
64,000, and had a molecular weight distribution index (Mw/
Mn) of 1.87.

Synthesis Example 6

[0218] <Synthesis of pHMTPD-3>

[0219] The same operation was carried out as in Synthesis
Example 1, except that the concentration of the toluene solu-
tion of the polymerization initiator (product name: V-601)
was 0.5 M, thereby obtaining a high-molecular weight com-
pound for a host (pHMTPD-3). The high-molecular weight
compound for a host (pHMTPD-3) had a weight average
molecular weight of 10,000, and had a molecular weight
distribution index (Mw/Mn) of 1.80.

Synthesis Example 7

[0220] <Synthesis of pHMTPD-pPhTCNQ>

Synthesis of vipPh TCNQ

[0221] Into TCNQ, which is an electron-accepting com-
pound, a polymerizable substituent was introduced by a
method as described below, thereby obtaining vipPhTCNQ,
which is an electron-accepting compound having a polymer-
izable substituent.

NC CN

NC CN
2-bromo-7,7,8,8-
tetracyanoquinodimethane
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-continued

vipPhTCNQ

[0222] 2-bromo-7,7,8,8-tetracyanoquinodimethane, which
was a starting material, was synthesized in accordance with
the method as described in a literature (Chemistry Letters, pp.
689-690, 1985).

[0223] Into 100 mL three-necked flask with a thermometer
and a reflux condenser, 2-bromo-7,7,8,8-tetracyanoquin-
odimethane (2.83 g (10.0 mmol)), p-vinylphenyl boric acid
(1.63 g (11.00 mmol)), potassium carbonate (4.15 g (30.0
mmol)), toluene (20 mL), diethoxyethane (20 mL ), and water
(20 mL) were added, and the mixture was stirred under nitro-
gen flowing at 110° C. for 1 hour. Into this reaction mixture,
tetrakis(triphenylphophine)palladium (0) (580 mg (0.50
mmol)) was added, and the mixture was stirred under nitro-
gen flowing at 110° C. for 4 hours. After the reaction, an
insoluble substance was filtered off, and the filtrate was sub-
jected to liquid separation operation, thereby extracting an
organic layer and the organic layer was concentrated. The
residue was purified by silica gel column chromatography
(developing  solvent:  hexane/dichloromethane=10/90),
thereby obtaining 2.45 g of vipPhTCNQ.

Synthesis of pHMTPD-pPhTCNQ

[0224] Polymerization operation was carried out in the
same manner as in Synthesis Example 4, except for using
viHMTPD synthesized in Synthesis Example 1 (100 parts by
mass) and the above vipPhTCNQ (5 parts by mass) as a raw
material, thereby synthesizing a compound for an anode
buffer layer (pHMTPD-pPhTCNQ), hereinafter also referred
to as a “high-molecular weight compound for an anode buffer
layer 1). The high-molecular weight compound for an anode
buffer layer 1 had a weight average molecular weight of
69,000, had a molecular weight distribution index (Mw/Mn)
of 2.45, and had a molar ratio such that a structural unit
derived from viHMTPD:a structural unit derived from vip-
PhTCNQ=96:4.

Synthesis Example 8

[0225] <Synthesis of pHMTPD-pPhF3TCNQ>
Synthesis of vipPhF3TCNQ

NC CN

NC CN
F F

Compound [
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-continued

F
vipPhF3TCNQ

F

[0226] The same operation was carried out as in the syn-
thesis of vipPhTCNQ in Synthesis Example 7, except for
using 1.77 g of a compound 1 instead of 2-bromo-7,7,8,8-
tetracyanoquinodimethane, as a starting material, thereby
synthesizing 1.51 g of vipPhF3TCNQ.

Synthesis of pHMTPD-pPhF3TCNQ

[0227] Polymerization operation was carried out in the
same manner as in Synthesis Example 4, except for using
viHMTPD synthesized in Synthesis Example 1 (100 parts by
mass) and the above vipPhF3TCNQ (5 parts by mass) as a raw
material, thereby synthesizing a compound for an anode
buffer layer (pHMTPD-pPhF3TCNQ, hereinafter also
referred to as a “high-molecular weight compound for an
anode buffer layer 2). The high-molecular weight compound
for an anode buffer layer 2 had a weight average molecular
weight of 67,000, had a molecular weight distribution index
(Mw/Mn) of 2.47, and had a molar ratio such that a structural
unit derived from viHMTPD:a structural unit derived from
vipPhF3TCNQ=95:5.

Synthesis Example 9

[0228] <Synthesis of pHMTPD-pPhDCNQI>
Synthesis of vipPhDCNQI

NC
>N
N.
\CN
Compound 2 vipPhDCNQI
[0229] The same operation was carried out as in the syn-

thesis of vipPhTCNQ in Synthesis Example 7, except for
using 1.77 g of a compound 2 instead of 2-bromo-7,7,8,8-
tetracyanoquinodimethane, as a starting material, thereby
synthesizing 479 mg (1.76 mmol) of vipPhDCNQI.
Synthesis of pHMTPD-pPhDCNQI

[0230] Polymerization operation was carried out in the
same manner as in Synthesis Example 4, except for using
viHMTPD synthesized in Synthesis Example 1 (100 parts by
mass) and the above vipPhDCNQI (5 parts by mass) as a raw
material, thereby synthesizing a compound for an anode
buffer layer (pHMTPD-pPhDCNQI, hereinafter also referred
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to as a “high-molecular weight compound for an anode buffer
layer 3”). The high-molecular weight compound for an anode
buffer layer 3 had a weight average molecular weight of
66,000, had a molecular weight distribution index (Mw/Mn)
of 2.38, and had a molar ratio such that a structural unit
derived from viHMTPD:a structural unit derived from vip-
PhDCNQ=95:5.

Synthesis Example 10

[0231] <Synthesis of pMPDA>
Synthesis of Compound 3
[0232]

Pd(OAc),/Bu'sP/
Bu'OK
Xylene

ae

[0233] Into 100 mL three-necked flask with a condenser
tube, 2.0 g of o-toluidine (19 mmol) was introduced, and the
flask was purged with nitrogen. Into the flask, dehydrated
xylene (60 mL) and 2-bromo-p-xylene (3.5 g (19 mmol))
were added, and the mixture was stirred. Then, palladium
acetate (0.35 g (1.6 mmol)), potassium-t-butoxide (4.0 g (36
mmol)), a solution of tri-t-butylphosphine:xylene=1:1 (1.8
mL (4.5 mmol)) were added, and the mixture was heated and
refluxed for 2 hours. Then, the resulting reaction mixture was
cooled to room temperature, and was subjected to Celite
filtration using a dichloromethane solvent. From the filtrate,
the solvent was evaporated under reduced pressure, and the
resulting residue was purified by silica gel column chroma-
tography (hexane:toluene=1:1), thereby obtaining 3.1 g (15
mmol) of a compound 3 (yield: 80%).

Synthesis of vVMPDA

7

Br Br
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-continued
u Pd(OAc),/
N BulsP/
Bu’OK
Xylene
3
7

JSUON

vMPDA

[0234] Into 100 mL three-necked flask with a condenser
tube, 3,5-dibromo-4-methylstyrene (1.0 g (3.6 mmol)) was
introduced, and the flask was purged with nitrogen. Into the
flask, dehydrated xylene (60 mL) and the compound 3 (3.1 g
(15 mmol)) were added, and the mixture was stirred. Then,
palladium acetate (0.35 g (1.6 mmol)), potassium-t-butoxide
(4.0 g (36 mmol)), a solution of tri-t-butylphosphine:xy-
lene=1:1 (1. 8 mL (4.5 mmol)) were added, and the mixture
was heated and refluxed for 4 hours. Then, the resulting
reaction mixture 5. was cooled to room temperature, and was
subjected to Celite filtration using a dichloromethane solvent.
From the filtrate, the solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel
column chromatography (hexane:toluene=4:1), and the puri-
fied product was recrystallized with dichloromethane-metha-
nol, thereby obtaining 1.8 g (3.4 mmol) of vMPDA (yield:
95%).

[0235] Identification data of vMPDA is as follows.

[0236] Elemental analysis:

[0237] calculated value (C5oH,0N,) C, 87.27; H, 7.51; N,
5.22

[0238] measured value C, 87.77; H, 7.60; N, 4.99

[0239] Mass analysis (FAB+): 536 (M™*)

Synthesis of pMPDA

[0240] Into a sealed vessel, VMPDA (500 mg) was intro-
duced, and dehydrated toluene (5.0 mL) was added, and then
a toluene solution (0.1M, 50 uL) of a polymerization initiator
(product name: V-601, manufactured by Wako Pure Chemical
Industries, L.td.) was added. A subsequent operation was car-
ried out in the same manner as in Synthesis Example 1,
thereby obtaining a high-molecular weight compound for a
host (pMPDA). The high-molecular weight compound for a
host (pMPDA) had a weight average molecular weight of

95,000, and had a molecular weight distribution index (Mw/
Mn) of 2.30.
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Synthesis Example 11

[0241] <Synthesis of pMPDAA>

Synthesis of Compound 4
[0242]
H
N
@\ +
/é
OH
Pd(OAc),/Bu’sP/Bu’OK
Xylene
Br
OH
N

)é

4
[0243] Into 100 mL three-necked flask with a condenser
tube, N,N,N'-tri-m-tolyl-2,5-dimethyl-1,4-phenylenedi-
amine obtained in Synthesis Example 3 (2.0 g (4.9 mmol))
was introduced, and the flask was purged with nitrogen. Into
the flask, dehydrated xylene (60 mL) and 4-bromo-2-meth-
ylphenol (1.5 g (8.0 mmol)) were added, and the mixture was
stirred. Then, palladium acetate (0.35 g (1.6 mmol)), potas-
sium-t-butoxide (4.0 g (36 mmol)), and a solution of tri-t-
butylphosphine:xylene=1:1 (1.8 mL (4.5 mmol)) were added,
and the mixture was heated and refluxed for 6 hours. Then, the
resulting reaction mixture was cooled to room temperature,
and was subjected to Celite filtration using a dichloromethane
solvent. From the filtrate, the solvent was evaporated under
reduced pressure, and the resulting residue was purified by
silica gel column chromatography (toluene:dichlo-

romethane=1:1), thereby obtaining 1.0 g (2.0 mmol) of a
compound 4 (yield: 40%).
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Synthesis of MPDAA

[0244]
OH
N
+
N
4
F cl NEt3
CH,CL,
(6]
J/i/
O (6]
N
N
MPDAA
[0245] Into 100 mL three-necked flask purged with nitro-

gen, the compound 4 (1.0 g (2.0 mmol)), dichloromethane (20
mL) and triethylamine (0.50 g (4.9 mmol)) were introduced,
and the flask was put in an ice bath to cool the solution. Into
this solution, acryloyl chloride (0.30 g (3.3 mmol)) was added
little by little, and the mixture was stirred at room temperature
for 1 hour. From the resulting reaction mixture, the solvent
was evaporated under reduced pressure, and the residue was
purified by silica gel column chromatography (hexane:tolu-
ene=1:1), thereby obtaining 1.0 g (1.8 mmol) of MPDAA
(yield: 900).

[0246] Identification data of MPDAA is as follows.
[0247] Elemental analysis:

[0248] calculated value (C;,H;4N,O,) C, 82.65; H, 6.76;
N, 4.94

[0249] measured value C, 82.53; H, 6.81; N, 5.08

[0250] Mass analysis (FAB+): 566 (M™)

Synthesis of pMPDAA

[0251] Into a sealed vessel, MPDAA (500 mg) was intro-
duced, and dehydrated toluene (5.0 mL) was added, and then
atoluene solution (0.1 M, 50 uL.) of a polymerization initiator
(product name: V-601, manufactured by Wako Pure Chemical

Aug. 30,2012

Industries, Ltd.) was added. A subsequent operation was car-
ried out in the same manner as in Synthesis Example 1,
thereby obtaining a high-molecular weight compound for a
host (pMPDAA). The high-molecular weight compound for a
host (pMPDAA) had a weight average molecular weight of
67,000, and had a molecular weight distribution index (Mw/
Mn) of 2.25.

Synthesis Example 12

[0252] <Synthesis of pMPDAB>
Synthesis of MPDAB
[0253]

OH

4
\ K>CO3
Acetone
Cl
/
@]
N
N
MPDAB

[0254] Into 100 mL three-necked flask with a condenser
tube, the compound 4 obtained in Synthesis Example 11 (1.0
g (2.0 mmol)) was introduced, and the flask was purged with
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nitrogen. Into the flask, dehydrated acetone (25 mL) and
4-vinylbenzyl chloride (0.50 g (3.3 mmol)) were added, and
the mixture was stirred. Then, potassium carbonate (2.0 g (14
mmol)) was added, and the mixture was heated and refluxed
for 8 hours. Then, the resulting reaction mixture was cooled to
room temperature, and was subjected to Celite filtration.
From the filtrate, the solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel
column chromatography (hexane:toluene=2:1). The purified
product was recrystallized with dichloromethane-methanol,
thereby obtaining 1.0 g (1.6 mmol) of MPDARB (yield: 800).
[0255] Identification data of MPDAB is as follows.

[0256] Elemental analysis:

[0257] calculated value (C,sH,,N,O) C,85.95; H,7.05; N,
4.45

[0258] measured value C, 86.37; H, 7.40; N, 4.16

[0259] Mass analysis (FAB+): 628 (M™*)

Synthesis of pMPDAB

[0260] Into a sealed vessel, MPDAB (500 mg) was intro-
duced, and dehydrated toluene (5.0 mL) was added, and then
atoluene solution (0.1 M, 50 uL.) of a polymerization initiator
(product name: V-601, manufactured by Wako Pure Chemical
Industries, [.td.) was added. A subsequent operation was car-
ried out in the same manner as in Synthesis Example 1,
thereby obtaining a high-molecular weight compound for a
host (pMPDAB). The high-molecular weight compound for a
host (pMPDAB) had a weight average molecular weight of
95,000, and had a molecular weight distribution index (Mw/
Mn) of 2.41.

Synthesis Example 13
[0261] <Synthesis of pPDBDMPD>

Synthesis of Compound 5
[0262]

NH

Pd(OAc)y/Bu3P/BuOK

Xylene

Br

OBr
H

Pd(OAc),/
Bu’3P/
Bu'OK
Xylene
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-continued

Z\T

[0263] Into 100 mL three-necked flask with a condenser
tube, 2,5-dimethyl-1,4-phenylenediamine (2.0 g (15 mmol))
was introduced, and the flask was purged with nitrogen. Into
the flask, dehydrated xylene (60 mL) and 3-bromo-(2-meth-
ylpropyl)benzene (6.0 g (28 mmol)) were added and the mix-
ture was stirred. Then, palladium acetate (0.35 g (1.6 mmol)),
potassium-t-butoxide (4.0 g (36 mmol)), a solution of tri-t-
butylphosphine:xylene=1:1 (1.8 mL (4.5 mmol)) were added,
and the mixture was heated and refluxed for 2 hours. Then,
4-bromotoluene (2.5 g (15 mmol)) was further added, and the
mixture was heated and refluxed for 2 hours. The resulting
reaction mixture was cooled to room temperature, and was
subjected to Celite filtration using a dichloromethane solvent.
From the filtrate, the solvent was evaporated under reduced
pressure, and the resulting residue was purified by silica gel
column chromatography (hexane:toluene=1:1), thereby
obtaining 3.5 g (7.1 mmol) of a compound 5 (yield: 50%).

Synthesis of vDBDMPD

zm

Pd(OAc),/BusP/Bu’OK

Xylene

Br



US 2012/0217491 Al

-continued

vDBDMPD

[0264] Into 100 mL three-necked flask with a condenser
tube, the compound 5 (3.5 g (7.1 mmol)) was introduced, and
the flask was purged with nitrogen. Into the flask, 3-bro-
mostyrene (2.0 g (11 mmol)), dehydrated xylene (60 mL),
palladium acetate (0.35 g (1.6 mmol)), potassium-t-butoxide
(4.0 g (36 mmol)), and a solution of tri-t-butylphosphine:
xylene=1:1 (1.8 mL (4.5 mmol)) were added, and the mixture
was heated and refluxed for 2 hours. Then, the resulting
reaction mixture was cooled to room temperature, and was
subjected to Celite filtration. From the filtrate, the solvent was
evaporated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography (hexane:
toluene=>5:1), and the purified product was recrystallized with
dichloromethane-methanol, thereby obtaining 3.0 g (5.1
mmol) of vVDBDMPD (yield: 70%).

[0265] Identification data of vDBDMPD is as follows.
[0266] Elemental analysis:

[0267] calculated value (C,,H,4N,) C, 87.11; H, 8.16; N,
4.73

[0268] measured value C, 86.79; H, 8.26; N, 4.91

[0269] Mass analysis (FAB+): 592 (M™*)

Synthesis of pPDBDMPD

[0270] Into a sealed vessel, vDBDMPD (500 mg) was
introduced, and dehydrated toluene (5.0 mL) was added, and
then a toluene solution (0.1 M, 50 uL)) of a polymerization
initiator (product name: V-601, manufactured by Wako Pure
Chemical Industries, Ltd.) was added. A subsequent opera-
tion was carried out in the same manner as in Synthesis
Example 1, thereby obtaining a high-molecular weight com-
pound for a host (pMPDAB). The high-molecular weight
compound for a host (pDBDMPD) had a weight average
molecular weight of 170,000, and had a molecular weight
distribution index (Mw/Mn) of 2.06.

Example 1-(a)

<Preparation of Composition for Anode Buffer Layer>

[0271] pHMTPD produced in Synthesis Example 1 (100
parts by mass), which is a charge-transporting polymer,
F4ATCNQ (5 parts by mass), which is an electron-accepting
compound, and toluene were mixed, thereby preparing a
composition for an anode buffer layer (a toluene solution
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having a solid component concentration of 0.8% by mass,
hereinafter, also referred to as a “composition for an anode
buffer layer 17).

<Production of Organic EL Element>

[0272] A glass substrate with an I'TO film was coated with
the composition for an anode buffer layer 1 by spin coating
method (conditions: 3,000 rpm, 30 seconds). The resulting
coating film was allowed to stand under nitrogen atmosphere
at 210° C. for 1 hour, thereby forming an anode buffer layer.
[0273] The substrate with the anode buffer layer was
allowed to sufficiently cool at room temperature. Then, a
surface at the anode buffer layer side was coated by spin
coating method with a toluene solution (also referred to as a
“coating solution for luminescent layer 1”°) of a material for a
luminescent layer (mixed powders of 95% by mass of a
copolymer of a compound represented by the following for-
mula (E-1) and a compound represented by the following
formula (E-2) (molar ratio: 5:5), which copolymers are car-
rier-transporting compounds, and 5% by mass of'a compound
represented by the following formula (E-3), which is a phos-
phorescent compound). Then, the resulting coating film was
allowed to stand under nitrogen atmosphere at 140° C. for 1
hour, thereby forming a luminescent layer. Using a vacuum
deposition apparatus, on a surface of the luminescent layer, a
LiF layer with a thickness of 0.5 nm serving as a cathode
buffer layer was formed, and subsequently, an Al layer with a
thickness of 150 nm serving as a cathode was formed.
Thereby, an organic EL element (hereafter, also referred to as
an “organic EL element 1”°) was produced.

E-1

N O ‘
N



US 2012/0217491 Al

-continued
E-2
AN
O B O
E-3

\Ir
//
Z N
x
L —I3
[0274] To the organic EL element 1, voltage was applied

step by step with a constant-voltage power supply (SM2400,
manufactured by Keithley Instruments Inc.), and a luminance
of the organic EL element 1 was measured with a luminance
meter (BM-9, manufactured by TOPCON Corporation). The
luminous efficiency was determined from a ratio of a lumi-
nance to a current density. The luminous efficiency, the driv-
ing voltage and the electrical power efficiency are shown in
Table 1.

[0275] Furthermore, the application of a constant electric
current to the organic EL element 1 with the same apparatus
was continued, and the luminance was measured every pre-
scribed period of time to measure the luminous life. Table 1
shows the time taken until an initial luminance was reduced
by half.

Example 1-(b)

[0276] The same operation was carried out as in Example
1-(a), except that pHMTPD was replaced with pHMTPD-2
produced in Synthesis Example 2, thereby preparing a com-
position for an anode buffer layer 2 and producing an organic
EL element (hereinafter, also referred to as an “organic EL
element 27). The total thickness of the anode buffer layer and
the luminescent layer of the organic EL element 2, and the
luminous efficiency thereof and the like are shown in Table 1.

Example 1-(c)

[0277] The same operation was carried out as in Example
1-(a), except that pHMTPD was replaced with pTmTDMPD
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produced in Synthesis Example 3, thereby preparing a com-
position for an anode buffer layer 3 and producing an organic
EL element (hereinafter, also referred to as an “organic EL
element 37). The total thickness of the anode buffer layer and
the luminescent layer of the organic EL element 3, and the
luminous efficiency thereof and the like are shown in Table 1.

Example 2

[0278] The same operation was carried out as in Example
1-(a), except that pHMTPD was replaced with pHMTPD-
TPD produced in Synthesis Example 4, thereby preparing a
composition for an anode buffer layer 4 and producing an
organic EL element (hereinafter, also referred to as an
“organic EL, element 4”). The total thickness of the anode
buffer layer and the luminescent layer of the organic EL
element 4, and the luminous efficiency thereofand the like are
shown in Table 1.

Example 3

[0279] Thesame operation was carried out as in Example 1,
except that a glass substrate with an ITO film was coated with
the composition for an anode buffer layer 1 by spin coating
method (3,000 rpm, 30 seconds), and the resulting coating
film was allowed to stand under nitrogen atmosphere at 80° C.
for 1 hour thereby forming an anode buffer layer. Thereby, an
organic EL. element (hereinafter, also referred to as an
“organic EL element 5””) was produced. The total thickness of
the anode buffer layer and the luminescent layer of the
organic ELL element 5, and the luminous efficiency thereof
and the like are shown in Table 1.

Comparative Example 1

[0280] The same operation was carried out as in Example
1-(a), except that pHMTPD was replaced with pTPD pro-
duced in Synthesis Example 5, thereby preparing a composi-
tion for an anode buffer layer 5 and producing an organic EL
element (hereinafter, also referred to as an “organic EL ele-
ment 6”). The total thickness of the anode buffer layer and the
luminescent layer of the organic EL element 6, and the lumi-
nous efficiency thereof and the like are shown in Table 1.
[0281] In the organic EL element 6, the total thickness of
the anode buffer layer and the luminescent layer was thinner
than that in any of the organic EL elements in Examples. This
is presumably because during the formation of the lumines-
cent layer, part of the anode buffer layer dissolved in the
toluene solution of the material for the luminescent layer.
This is supported by the value of the decrease rate.

Comparative Example 2

[0282] The same operation was carried out as in Example
1-(a), except that pHMTPD was replaced with pHMTPD-3
produced in Synthesis Example 6, thereby preparing a com-
position for an anode buffer layer 6 and producing an organic
EL element (hereinafter, also referred to as an “organic EL.
element 77). The total thickness of the anode buffer layer and
the luminescent layer of the organic EL element 7, and the
luminous efficiency thereof and the like are shown in Table 1.
[0283] In the organic EL element 7, the total thickness of
the anode buffer layer and the luminescent layer was thinner
than that in any of the organic EL elements in Examples. This
is presumably because during the formation of the lumines-
cent layer, part of the anode buffer layer dissolved in the
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toluene solution of the material for the luminescent layer.
This is supported by the value of the decrease rate.

Comparative Example 3

[0284] The same operation was carried out as in Example
1-(a), except that the a glass substrate with an ITO film was
coated with the composition for an anode buffer layer 1 by
spin coating method (conditions: 3,000 rpm, 30 seconds), and
the resulting coating film was allowed to stand under nitrogen
atmosphere at room temperature for 1 hour thereby forming
an anode buffer layer. Thereby, an organic EL element (here-
inafter, also referred to as an “organic EL element 8) was
produced. The total thickness of the anode buffer layer and
the luminescent layer of the organic EL element 8, and the
luminous efficiency thereof and the like are shown in Table 1.
[0285] Inthe organic EL element 8, the decrease rate of the
thickness of the anode buffer layer was larger than the
decrease rates in the organic EL element 1 and the organic EL.
element 5 using pHMTPD. Comparison between these
organic EL elements reveals that for the insolubilization of
the anode buffer layer, not just using the specific material but
also heating during the formation of the anode buffer layer are
important.

Example 4-(a)

[0286] The high-molecular weight compound for an anode
buffer layer 1 produced in Synthesis Example 7 and toluene
were mixed to prepare a composition for an anode buffer layer
(atoluene solution having a solid component concentration of
0.8% by mass, hereinafter also referred to as a “composition
for an anode buffer layer 77).

[0287] The same operation was carried out as in Example
1-(a), except that the composition for an anode buffer layer 1
was replaced with the composition for an anode buffer layer
7, thereby producing an organic EL element (hereinafter, also
referred to as an “organic EL element 97). The total thickness
of the anode buffer layer and the luminescent layer of the
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organic EL. element 9, and the luminous efficiency thereof
and the like are shown in Table 1.

Example 4-(b)

[0288] The same operation was carried out as in Example
4-(a), except that the high-molecular weight compound for an
anode buffer layer 1 was replaced with the high-molecular
weight compound for an anode buffer layer 2, thereby pre-
paring a composition for an anode buffer layer 8, and produc-
ing an organic EL element (hereinafter, also referred to as an
“organic EL element 10”). The total thickness of the anode
buffer layer and the luminescent layer of the organic EL
element 10, and the luminous efficiency thereof and the like
are shown in Table 1.

Example 4-(c)

[0289] The same operation was carried out as in Example
4-(a), except that the high-molecular weight compound for an
anode buffer layer 1 was replaced with the high-molecular
weight compound for an anode buffer layer 3, thereby pre-
paring a composition for an anode buffer layer 9, and produc-
ing an organic EL element (hereinafter, also referred to as an
“organic EL element 117). The total thickness of the anode
buffer layer and the luminescent layer of the organic EL
element 11, and the luminous efficiency thereof and the like
are shown in Table 1.

Example 5-(a)

<Preparation of Coating Solution for Forming Luminescent
Layer>

[0290] The following phosphorescent high-molecular
weight compound (E-4) was synthesized in accordance with
the method as described in WO2010/16512. In the high-
molecular weight compound (E-4), the weight average
molecular weight was 52,000, and the molar ratio between
individual repeating units was k:m:n=6:42:52.

E-4)

g K H H
T (i
3

=
%
/Ir\

_
~x

VPO A

QL
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-continued

[0291] 3 parts by weight of this phosphorescent high-mo-
lecular weight compound (E-4) was dissolved in 97 parts by
weight of xylene to prepare a coating solution for forming a
luminescent layer (hereinafter, also referred to as a “coating
solution for luminescent layer 2).

<Production of Organic EL Element>

[0292] pMPDA produced in Synthesis Example 10 (100
parts by mass), which is a high-molecular weight compound
for a host, TCNQ (5 parts by mass), which is an electron-
accepting compound, and xylene were mixed, thereby pre-
paring a composition for an anode buffer layer (a xylene
solution having a solid component concentration of 1.0% by
mass). This was applied on a glass substrate with an ITO film
by spin coating method (conditions: 3,000 rpm, 30 seconds).
The resulting coating film was allowed to stand under nitro-
gen atmosphere at 170° C. for 1 hour, thereby forming an
anode buffer layer.

[0293] The substrate with the anode buffer layer was
allowed to sufficiently cool at room temperature. Then, a
surface at the anode buffer layer side was coated with the
above coating solution for luminescent layer 2 by spin coating
method (conditions: 3,000 rpm, 30 seconds). Then, the result-
ing coating film was allowed to stand under nitrogen atmo-
sphere at 140° C. for 1 hour, thereby forming a luminescent
layer. Using a vacuum deposition apparatus, on a surface of
the luminescent layer, a LiF layer with a thickness of 0.5 nm
serving as a cathode buffer layer was formed, and subse-
quently, an Al layer with a thickness of 150 nm serving as a
cathode was formed. Thereby, an organic EL element (here-
after, also referred to as an “organic EL element 12”) was
produced.

[0294] The luminous efficiency, the driving voltage, the
electrical power efficiency and the luminous life were mea-
sured in the same manner as in Example 1-(a). They are
shown in Table 2.

Example 5-(b) to (d)

[0295] The same operations were carried out as in Example
5-(a), except that pMPDA was replaced with pMPDAA,
pMPDAB and pDBDMPD produced in Synthesis Examples
11 to 13, respectively, thereby producing organic EL ele-
ments (hereinafter, also referred to as an “organic EL element
137, an “organic EL element 14" and an “organic EL element
157, respectively).

[0296] The luminous efficiency, the driving voltage, the
electrical power efficiency and the luminous life were mea-
sured in the same manner as in Example 1-(a). They are
shown in Table 2.

Comparative Example 4-(a) to (c)

[0297] In accordance with the method as described in
Patent documents 1 to 3, compounds R1, R2 and R3 each
represented by the following formula were synthesized. The
same operations were carried out in Example 5-(a) except that
pPMPDA was replaced with these compounds, thereby pro-
ducing organic EL elements (hereinafter, also referred to as
an “organic EL element 16”, an “organic EL element 17" and
an “organic EL element 187, respectively).

[0298] The luminous efficiency, the driving voltage, the
electrical power efficiency and the luminous life were mea-
sured in the same manner as in Example 1-(a). They are
shown in Table 2.
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avats

Mw = 44000
@ n

Mw/Mn = 2.69
Mw = 38000

Mw/Mn = 2.55

Example 6

[0299] The same operation was carried out as in Example
1-(c) to form an anode buffer layer on a glass substrate with an
ITO film. Then, using a vacuum deposition apparatus, the
following compounds (E-5) and (E-6) were co-deposited at a
mass ratio of 9:1, thereby forming a luminescent layer with a
thickness of 30 nm. Subsequently, a layer of a compound
(E-7) with a thickness of 20 nm serving as an electron injec-
tion layer was formed. Furthermore, a LiF layer and an Al
layer were formed in the same manner as in Example 1-(c).
Thereby, an organic EL element (hereinafter, also referred to
as an “organic EL element 19”) was produced.

[0300] The luminous efficiency, the driving voltage, the
electrical power efficiency and the luminous life were mea-
sured in the same manner as in Example 1-(a). They are
shown in Table 2.

ES

avats
) &

37

Mw = 61000
Mw/Mn =2.38

-continued
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Comparative Example 5

-continued
E7
[0301] Thesame operation was carried out as in Example 6,
except that pTmTDMPD was replaced with the compound
R1, thereby producing an organic EL element (hereinafter,
also referred to as an “organic EL element 20”).
[0302] The luminous efficiency, the driving voltage, the
electrical power efficiency and the luminous life were mea-
P, sured in the same manner as in Example 1-(a). They are
(ll shown in Table 2.
TABLE 1
Thickness of Thickness of
Total anode buffer anode buffer
thickness layer before  layer after Decrease
of organic Electrical dissolution  dissolution rate of
layers of ~ Luminous Driving power test test thickness of
organic EL.  efficiency voltage efficiency Luminous  treatment treatment  anode buffer
element (%) (V@100 cd/m?) (1 m/W) life (hour) (nm) (nm) layer (%)
Ex.1-(a) Organic EL element 1 69 10.7 3.7 31.9 3000 21 20 4.8
pHMTPD
Mw = 68,000
Ex.1-(b) Organic EL element 2 68 9.5 39 25.0 2500 20 18 10
pHMTPD-2
Mw = 22,000
Ex.1-(c)  Organic EL element 3 70 111 3.5 34.9 3400 21 21 0
pTmTDMPD
Mw = 110,000
Ex.2 Organic EL element 4 69 10.8 3.6 33.7 3300 20 20 0
pHMTPD-TPD
Mw = 100,000
Ex.3 Organic EL element 5 65 8 4.0 22.9 2400 20 15 25
pHMTPD
Mw = 68,000
heating temperature
(80°C., 1h)
Com Organic EL element 6 54 13 5.6 2.0 20 18 2 89
Ex. 1 pIPD
Mw = 64,000
Com Organic EL element 7 52 1.7 6.0 31 25 20 1 95
Ex.2 pHMTPD-3
Mw = 10,000
Com Organic EL element 8 59 4.7 5.1 9.9 800 20 7 65
Ex.3 pHMTPD
Mw = 68,000
room temperature, 1 h
Ex. 4- Organic EL element 9 70 11.0 3.6 31.8 4000 19 19 0
(a) pHMTPD-pPhTCNQ
Mw = 69,000
Ex. 4- Organic EL element 10 68 10.3 3.8 31.7 4900 22 21 4.5
(b pHMTPD-pPhF3TCNQ
Mw = 67,000
Ex. 4- Organic EL element 11 69 10.5 3.7 31.6 4200 21 20 4.8
© pHMTPD-pPhDCNQI

Mw = 66,000
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TABLE 2
Thickness of Thickness of
Total anode buffer anode buffer
thickness layer before  layer after Decrease
of organic Electrical dissolution  dissolution rate of
layers of ~ Luminous Driving power test test thickness of
organic EL  efficiency voltage efficiency Luminous treatment treatment  anode buffer
element (%) (V@100 cd/m?) (1 m/W) life (hour) (nm) (nm) layer (%)
Ex. 5-(a)  Organic EL element 12 72 9.3 3.7 29.5 2200 25 25 0
PMPDA
Mw = 95,000
Ex. 5-(b)  Organic EL element 13 71 8.9 39 26.0 1900 25 22 12
PMPDAA
Mw = 67,000
Ex. 5-(c)  Organic EL element 14 70 9.0 4.0 26.8 1700 26 22 15
PMPDAB
Mw = 95,000
Ex. 5-(d)  Organic EL element 15 66 10.0 3.6 304 2400 24 20 17
pDBDMPD
Mw = 170,000
Com. Organic EL element 16 58 2.1 4.6 7.8 250 26 10 62
Ex. 4- R1
(a) Mw = 44,000
Com. Organic EL element 17 50 1.5 53 2.5 15 25 11 56
Ex. 4- R2
(b) Mw = 38,000
Com. Organic EL element 18 49 1.9 5.1 3.1 20 28 3 89
Ex. 4- R3
(© Mw = 61,000
Ex. 6 Organic EL element 19 75 8.4 4.4 379 5500
pTmTDMPD
Mw = 110,000
Com. Organic EL element 20 75 8.0 4.7 32.6 1600
Ex. 5 R1
Mw = 44,000
DESCRIPTION OF MARKS
-continued
[0303] 1...substrate @)
[0304] 2...anode . .
[0305] 3...anode buffer layer —éYé— R R
[0306] 4 ...luminescent layer
[0307] 5...cathode R R Ra R R
1. A composition for an anode buffer layer comprising: N R
an electron-accepting compound, and R
a high-molecular weight compound having a structural R
unit represented by the following formula (1) or the RE b RE R¢
following formula (2) and having a weight average
molecular weight 0£20,000 to 1,000,000 as measured by R Re
R¢ R¢

GPC:

—HIH— . R¢ R¢
RS

X ¢
\/=|=\/R R¢ R¢

y \_QNR / \ :
Re /) (\/( R

p RC RC

RL‘ RC RC R“

wherein in each of the formulae (1) and (2);

plural R“s are each independently a hydrogen atom or an
alkyl group having 1 to 10 carbon atoms, with at least
one R? being the alkyl group having 1 to 10 carbon
atoms;

plural R?s are each independently a hydrogen atom or an
alkyl group having 1 to 10 carbon atoms;

plural R°s are each independently a hydrogen atom, a halo-
gen atom, a cyano group, an amino group, an alkyl group
having 1 to 10 carbon atoms, or an alkoxy group having
1 to 10 carbon atoms, and R°s each bonded to neighbor-
ing carbon atoms in the same phenyl group may be
bonded to one another to form a condensed ring;

X is a single bond, —O—, —S—, —SO—, —SO,—,
—NR'— (wherein R* is a hydrogen atom, an alkyl
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group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having
1 to 20 carbon atoms (wherein the organic group may
contain an atom or a group selected from the group
consisting of —O—, —S—, —SO—, —SO,—,
—NR?— (wherein R? is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO— and —COO—.);
Y—X— is a group represented by:

R3
—C—CH,—

X—

(wherein R? is a hydrogen atom or an alkyl group having 1
to 4 carbon atoms); and

pis 0,1, or 2.

2. A high-molecular weight compound for an anode buffer

layer comprising:

a structural unit represented by the following formula (1) or
the following formula (2), and

a structural unit derived from an electron-accepting com-
pound having a polymerizable functional group, the said
high-molecular weight compound for an anode buffer
layer having a weight average molecular weight of
20,000 to 1,000,000 as measured by GPC:

R

R¢

R

RE

wherein in each of the formulae (1) and (2);

plural R“s are each independently a hydrogen atom or an
alkyl group having 1 to 10 carbon atoms, with at least
one R* being the alkyl group having 1 to 10 carbon
atoms;
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plural R”s are each independently a hydrogen atom or an
alkyl group having 1 to 10 carbon atoms;

plural Rs are each independently a hydrogen atom, a halo-
gen atom, a cyano group, an amino group, an alkyl group
having 1 to 10 carbon atoms, or an alkoxy group having
1to 10 carbon atoms, and R¢s each bonded to neighbor-
ing carbon atoms in the same phenyl group may be
bonded to one another to form a condensed ring;

X is a single bond, —O—, —S—, —SO—, —SO,—,
—NR'— (wherein R' is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO—, —COO—, or a divalent organic group having
1 to 20 carbon atoms (wherein the organic group may
contain an atom or a group selected from the group
consisting of —O—, —S—, —SO—, —SO,—,
—NR?— (wherein R? is a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a phenyl group),
—CO— and —COO—.);

Y—X— is a group represented by:

R3
|

—C—CH,—

X—

(wherein R? is a hydrogen atom or an alkyl group having 1
to 4 carbon atoms); and

pis 0,1, or 2.

3. The composition for an anode buffer layer according to
claim 1, further comprising an organic solvent.

4. A composition for an anode buffer layer comprising the
high-molecular weight compound for an anode buffer layer of
claim 2 and an organic solvent.

5. An organic electroluminescence element comprising an
anode, an anode buffer layer, a luminescent layer and a cath-
ode that are laminated in this order, wherein the anode buffer
layer is formed by heating the composition for an anode
bufter layer of claim 1.

6. The organic electroluminescence element according to
claim 5, further comprising a cathode buffer layer.

7. A method for producing an organic electroluminescence
element comprising:

a first step of coating an anode with the composition for an
anode buffer layer of claim 3, and then heating the com-
position to form an anode buffer layer,

a second step of forming a luminescent layer on the anode
buffer layer, and

a third step of forming a cathode on the luminescent layer,
wherein the second step is a step 2A or a step 2B,

the said step 2A comprising:

coating a surface of the anode buffer layer with a hole
transport layer-forming solution comprising a hole
transport layer-forming material and an organic solvent,
and then removing the organic solvent to form a hole
transport layer which is contact with the anode buffer
layer, and

forming the luminescent layer on the hole transport layer,

the said step 2B comprising:

coating a surface of the anode buffer layer with a lumines-
cent layer-forming solution comprising a luminescent
layer-forming material and an organic solvent, and then
removing the organic solvent to form the luminescent
layer which is in contact with the anode buffer layer.
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8. The method for producing an organic electrolumines-
cence element according to claim 7, wherein the second step
is the step 2A, and the organic solvent contained in the hole
transport layer-forming solution contains, as a constituent
thereof, at least one constituent of the organic solvent con-
tained in the composition for an anode buffer layer.

9. The method for producing an organic electrolumines-
cence element according to claim 7, wherein the second step
is the step 2B, and the organic solvent contained in the lumi-
nescent layer-forming solution contains, as a constituent
thereof, at least one constituent of the organic solvent con-
tained in the composition for an anode buffer layer.

10. The method for producing an organic electrolumines-
cence element according to claim 7, wherein the heating is
carried out at 100 to 350° C. for 10 to 180 minutes.

11. A display apparatus comprising the electrolumines-
cence element of claim 5.

12. A light irradiating apparatus comprising the electrolu-
minescence element of claim 5.

13. An organic electroluminescence element comprising
an anode, an anode buffer layer, a luminescent layer and a
cathode that are laminated in this order, wherein the anode
buffer layer is formed by heating the high-molecular weight
compound for an anode buffer layer of claim 2.

14. The organic electroluminescence element according to
claim 13, further comprising a cathode buffer layer.

15. A method for producing an organic electrolumines-
cence element comprising:

a first step of coating an anode with the composition for an
anode buffer layer of claim 4, and then heating the com-
position to form an anode buffer layer,

a second step of forming a luminescent layer on the anode
buffer layer, and

a third step of forming a cathode on the luminescent layer,
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wherein the second step is a step 2A or a step 2B, the said step
2A comprising:

coating a surface of the anode buffer layer with a hole

transport layer-forming solution comprising a hole
transport layer-forming material and an organic solvent,
and then removing the organic solvent to form a hole
transport layer which is contact with the anode buffer
layer, and

forming the luminescent layer on the hole transport layer,

the said step 2B comprising:

coating a surface of the anode buffer layer with a lumines-

cent layer-forming solution comprising a luminescent
layer-forming material and an organic solvent, and then
removing the organic solvent to form the luminescent
layer which is in contact with the anode buffer layer.

16. The method for producing an organic electrolumines-
cence element according to claim 15, wherein the second step
is the step 2A, and the organic solvent contained in the hole
transport layer-forming solution contains, as a constituent
thereof, at least one constituent of the organic solvent con-
tained in the composition for an anode buffer layer.

17. The method for producing an organic electrolumines-
cence element according to claim 15, wherein the second step
is the step 2B, and the organic solvent contained in the lumi-
nescent layer-forming solution contains, as a constituent
thereof, at least one constituent of the organic solvent con-
tained in the composition for an anode buffer layer.

18. The method for producing an organic electrolumines-
cence element according to claim 15, wherein the heating is
carried out at 100 to 350° C. for 10 to 180 minutes.

19. A display apparatus comprising the electrolumines-
cence element of claim 13.

20. A light irradiating apparatus comprising the electrolu-
minescence element of claim 13.

* * #* ok %



patsnap

TREBHR(OF) ATHREHYENEAEY , ATHREAENS D FEILEYW , BIEBEXTH , UREFFZMARE
[F(2E)F US20120217491A1 [ (r&)B 2012-08-30
BiES US13/504076 RiEH 2010-10-27

FRIFRB(RFR)A(E) BMEIH/RNSH
RF(EFR)AGE) M TR 24 H
HARFEANRAGE) BHNBIRN2HH

[FRIRBAA OSAKO HARUKA
NATORI NOBUHIRO
KATOH TSUYOSHI
KONDO KUNIO
FUKUCHI YOSUKE

REBAA OSAKO, HARUKA
NATORI, NOBUHIRO
KATOH, TSUYOSHI
KONDO, KUNIO
FUKUCHI, YOSUKE

IPCH %S HO1L51/54 C08L39/00 C08K5/01 HO1L51/40

CPCH¥%E CO8F12/14 C08F12/26 C08F12/32 H05B33/10 C09D125/18 H01L51/004 HO1L51/5088 CO8F20/34
B32B2457/202

k54X 2009246445 2009-10-27 JP

2010024417 2010-02-05 JP

H 0 FF 30k US9644048
SNERaE Espacenet USPTO
BEGE)

RE—MATHRESTENMR , EAFERENBARERRREHE

FRARNAR | H*EeeB R EEEREBE R KB th B FH R

EHE. - EEENBRERNBRNREMBBE , B HEEE5H

DEYEMEFGNEVNELLTH. ATHREAENESY TIEBLFIE
FAEYHMEERTR (1) RTFR (2) RENERETHEEY D F
E520,000E1,000,0000 50 FENVEWEIGPCEHE : HP , S

MR (1)FM(2)F, ZMRasBEBHNERETHKRE , EFEDL—TRa
NEE  ZMRosEENERFHERE , ZIRCSEENERT , KE

£ XHBEBE YATEBZHEESHNEY , pR0, 152,



https://share-analytics.zhihuiya.com/view/28801e32-94fb-4ee2-b850-8290ed23969f
https://worldwide.espacenet.com/patent/search/family/043922050/publication/US2012217491A1?q=US2012217491A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120217491%22.PGNR.&OS=DN/20120217491&RS=DN/20120217491

