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ORGANIC ELECTRONIC MATERIAL,
ORGANIC ELECTRONIC DEVICE, AND
ORGANIC ELECTROLUMINESCENT
DEVICE

TECHNICAL FIELD

The present invention relates to an organic electronic mate-
rial and to an organic electronic device and organic electrolu-
minescent device (also referred to below as an organic EL
device) that use this organic electronic material.

BACKGROUND

Organic electronic devices are devices that carry out an
electrical operation using an organic material. They are
expected to offer advantages such as low energy consump-
tion, low cost, and flexibility and they are receiving attention
as atechnology for replacing conventional silicon-based inor-
ganic semiconductors.

Organic EL devices, as a subset of organic electronic
devices, are being considered, for example, for application as
a large-area solid-state light source to replace incandescent
lamps and gas-filled lamps. In addition, in the flat panel
display (FPD) sector they are also being considered as a
front-running self-emissive display technology to replacelig-
uid crystal displays (LCD) and their development as commer-
cial products is underway.

Organic EL devices can be generally classified into two
categories based on the materials used and the film production
method: small molecule organic EL. devices and polymer
organic EL devices. The organic material is composed of a
polymer material in the case of polymer organic EL devices,
and polymer organic EL devices are essential devices for the
large-screen organic EL displays of the future since they
support easier film formation, e.g., by printing or inkjet, than
is the case for the small molecule organic EL devices, which
require film formation in a vacuum system.

While to date both small molecule organic EL devices and
polymer organic EL devices have been the subject of strong
research efforts, their low emission efficiency and short
device lifetime are still major problems in both instances. The
formation of small molecule organic EL devices in multiple
layers has been carried out as one approach for solving these
problems.

An example of a multilayer organic EL device is shown in
FIG. 1. In FIG. 1, the layer that carries out light emission is
designated as the light-emitting layer 1, and when other layers
are present the layer in contact with the anode 2 is designated
as the hole injection layer 3 and the layer in contact with the
cathode 4 is designated as the electron injection layer 5. When
another layer s present between the light-emitting layer 1 and
the hole injection layer 3, this layer is designated as a hole
transport layer 6; when another layer is present between the
light-emitting layer 1 and the electron injection layer 5, this
layer is designated as an electron transport layer 7. Reference
number 8 in FIG. 1 refers to a substrate.

Sincein the case of small molecule organic EL devices film
formation is carried out by vapor deposition procedures, mul-
tilayering can be easily accomplished by carrying out vapor
deposition while successively changing the compounds used.
In the case of polymer organic EL devices, on the other hand,
film formation is carried out using a wet process, such as
printing or inkjet, and in order to elaborate multiple layers a
procedure is therefore required in which the previously
formed layers are not altered during the production of a new
layer.
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2

In practice, almost all polymer organic EL devices are
devices that have the following two-layer structure: a hole
injection layer comprising polythiophene:polystyrene-
sulfonic acid (PEDOT:PSS) and formed using a water-based
dispersion, and a light-emitting layer formed using an aro-
matic organic solvent such as toluene. Fabrication of the
two-layer structure in this instance is made possible by the
fact that the PEDOT:PSS layer is not soluble in toluene.

The difficulty that has been encountered in elaborating
even more layers in the case of polymer organic EL devices is
due to the dissolution of the lower layers when layering is
carried out using similar solvents. In order to respond to this
problem, a device has been proposed that has a three-layer
structure that uses compounds with substantially different
solubilities (refer, for example, to Nonpatent Reference 1). In
addition, a device has also been reported that has a three-layer
structure that contains a hole transport layer that utilizes a
photocuring reaction (refer, for example, to Nonpatent Ref-
erence 2). A device has also been reported that has a three-
layer structure that has a hole transport layer that utilizes a
crosslinking reaction by siloxane compounds (refer, for
example, to Nonpatent Reference 3). While these are impor-
tant processes, they have not been free of problems; for
example, solubility considerations place limitations on the
materials that can be used, while the siloxane compounds are
unstable to atmospheric moisture. In addition, in all instances
the device characteristics have not been satisfactory.

Patent Reference 1: U.S. Pat. No. 4,539,507

Patent Reference 2: U.S. Pat. No. 5,151,629

Patent Reference 3: International Publication WO 90/13148
Pamphlet

Patent Reference 4: European Patent Publication EP 0 443
861 A

Nonpatent Reference 1: Y. Goto, T. Hayashida, M. Noto, IDW
’04 Proceedings of the 11th International Display Work-
shop, 1343-1346 (2004)

Nonpatent Reference 2: Kengo HIROSE, Daisuke KUMAK],
Nobuaki KOIKE, Akira KURIYAMA, Seiichiro IKE-
HATA, and Shizuo TOKITO, 53rd Meeting of the Japan
Society of Applied Physics and Related Societies, 26p-
7K-4 (2006)

Nonpatent Reference 3: H. Yan, P. Lee, N. R. Armstrong, A.
Graham, G. A. Evmenenko, P. Dutta, T. J. Marks, J. Am.
Chem. Soc., 127,3172-4183 (2005)

Nonpatent Reference 4: T. Yamamoto, Bull. Chem. Soc. Jap.,
Volume 51, Number 7, p. 2091 (1978)

Nonpatent Reference 5: M. Zembayashi, 7er. Lett., Volume
47,p. 4089 (1977)

Nonpatent Reference 6: Synthetic Communications, Volume
11, Number 7, p. 513 (1981)

DISCLOSURE OF THE INVENTION

In order to raise the efficiency and extend the life of organic
EL devices, it is desirable to form the organic layer as a
multilayer and to separate the functions of the individual
layers. However, in order to use a wet process, the wet process
supports facile film production even over large areas, to form
the organic layer as a multilayer in the fabrication of polymer
organic EL devices, it has been necessary that the lower layers
not be dissolved during production of the overlying layers.

Considering the problems cited above, an object of the
present invention is to provide an organic electronic material
that can be easily formed as multiple layers. A further object
of the present invention is to provide an organic electronic
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device and an organic EL element that exhibit a better emis-
sion efficiency and a better emission lifetime than heretofore
exhibited.

As a result of concerted investigations, the present inven-
tors discovered that a mixture comprising a polymer or oli-
gomer that has at least one polymerizable substituent and a
hole-transporting repeat unit can easily form a thin film and
can do so in a consistent manner and that the solubility can be
changed by polymerization. It was also discovered that such
a mixture is useful as an organic electronic material. The
present research was completed based on these discoveries.

That is, the characteristic features of the present invention
are given in the following (1) to (18).

(1) An organic electronic material, comprising a polymer
or oligomer having at least one polymerizable substituent and
a hole-transporting repeat unit.

(2) The organic electronic material according to the pre-
ceding (1), wherein the hole-transporting repeat unit of the
polymer or oligomer is any of the following general formulas
(1a), (2a), (3a), (4a), (5a), and (6a)

[Formula 1]

(1)

()

Aryg

—Ars—Il\T—Ars—N—Am—Arg—
9
|
RZ R3

(3a)
_Afll_N_AIIZ_AIIZ_Il\I_AIM_AIIS_

Trm /|\I17
Ry Rs
(4a)

(52)

(6a)
—— Ary— N—Any;—Ang— N—Any—
Arg Arg

Ry Ryo

(in the formulas, Ar, to Ar;, each independently represent
substituted or unsubstituted arylene or heteroarylene; R, to
R,, each independently represent —R!, —OR? —SR?,
—OCOR?*, —COOR>, —SiR°R"R?, or a general formula as
follows.

[Formula 2]

AN AN
SAOS N
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(where R* to R*! represent the hydrogen atom, C,_,,
straight-chain, cyclic or branched alkyl, or C,_,, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).

(3) The organic electronic material according to the pre-
ceding (1) or (2), wherein the polymerizable substituent in the
polymer or oligomer is the oxetane group, epoxy group, vinyl
group, acrylate group, or methacrylate group.

(4) The organic electronic material according to any of the
preceding (1) to (3), wherein the polymerizable substituent in
the polymer or oligomer is introduced in terminal position on
the polymer or oligomer.

(5) The organic electronic material according to any of the
preceding (1) to (4), wherein the number-average molecular
weight of the polymer or oligomer is at least 1,000 and no
more than 100,000.

(6) The organic electronic material according to any of the
preceding (1) to (5), wherein the polydispersity of the poly-
mer or oligomer is larger than 1.0.

(7) The organic electronic material according to any of the
preceding (1) to (6), wherein the polymer or oligomer has the
structure represented by general formula (7a) below

[Formula 3]

E—Arp, AI33—I|‘T—AI34—AI35 Arys—E,
Arzr
n

Ry

(7a)

(in the formula, Ar,, to Ars, each independently represent
substituted or unsubstituted arylene or heteroarylene; E,| and
E, each represent a group that has a polymerizable substitu-
ent; and R, represents —R!' —OR? —SR?* —OCOR*,
—COOR’, —SiR°R"R?, or a general formula as follows

[Formula 4]

AN A
SNAS P

(where R* to R*! represent the hydrogen atom, C,_ ,,
straight-chain, cyclic or branched alkyl, or C,_;, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).

(8) The organic electronic material according to any of the
preceding (1) to (6), wherein the polymer or oligomer has the
structure represented by general formula (8a) below

[Formula 5]

(8a)

Es—Argg AI39—I|‘I_AI40—1|‘I_AI41—AI42 Argz—Ey
1|\I44 Args /

|
Rp Ri3

(in the formula, Ar,4 to Ar,s each independently represent
substituted or unsubstituted arylene or heteroarylene; E, and
E, each represent a group that has a polymerizable substitu-
ent; and R,, and R, each independently represent —R’,
—OR?, —SR?, —OCOR*, —COOR®, —SiRR7R®, or a
general formula as follows
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[Formula 6]

A, A

a
\/{O\/>\
A Rll

(where R' to R*' represent the hydrogen atom, C, ,,
straight-chain, cyclic or branched alkyl, or C,_,, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).

(9) The organic electronic material according to any of the
preceding (1) to (6), wherein the polymer or oligomer has the
structure represented by general formula (9a) below

%‘R’O,

[Formula 7]

()

Es—Ar45‘(‘Ar47—I|‘T—AI48—AI49‘IIT—Mso—Ar51TN52— Eg
Ars3 Atrsy A

| |
Ris

(in the formula, Ar,4 to Ars, each independently represent
substituted or unsubstituted arylene or heteroarylene; E5 and
Eg each represent a group that has a polymerizable substitu-
ent; and R,, and R, 5 each independently represent —R’,
—OR?, —SR?*, —OCOR*, —COOR®, —SiR°RR®, or a
general formula as follows

[Formula 8]

A, AN e
SAS

(where R' to R'! represent the hydrogen atom, C, ,,
straight-chain, cyclic or branched alkyl, or C, 5, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).

(10) The organic electronic material according to any of the
preceding (1) to (6), wherein the polymer or oligomer has the
structure represented by general formula (10a) below

[Formula 9]

E7—Arss Arss—ll\T_AIy Arsg—Eg
AAISQ
n

Ryg

(103)

(in the formula, Ar. to Ar., each independently represent
substituted or unsubstituted arylene or heteroarylene; E, and
E, each represent a group that has a polymerizable substitu-
ent; and R 4 represents —R', —OR?, —SR* —OCOR®,
—COOR?®, —SiR°R"R?, or a general formula as follows

[Formula 10]

/(O\/\)H\R{ /6\/ O)ZRJO,
SAS N

c
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6

(where R* to R*! represent the hydrogen atom, C,_,,
straight-chain, cyclic or branched alkyl, or C,_,, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).

(11) The organic electronic material according to any of the
preceding (1) to (6), wherein the polymer or oligomer has the
structure represented by general formula (11a) below

[Formula 11]

(11a)

Eg—Arsp Arso_ll‘I_AIsl—Il‘I_AIsz Argz—Ejo
Argy Args A

Ry7 Rig

(in the formula, Ar,, to Args each independently represent
substituted or unsubstituted arylene or heteroarylene; E, and
E,, each represent a group that has a polymerizable substitu-
ent; and R, and R, each independently represent —R?,
—OR?, —SR®, —OCOR*, —COOR®, —SiR°R'R?, or a
general formula as follows

[Formula 12]

/60\/\)?119, A O)ER“),
SNAO P

c

(where R to R*! represent the hydrogen atom, C,_ 5,
straight-chain, cyclic or branched alkyl, or C, ,,, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).

(12) The organic electronic material according to any ofthe
preceding (1) to (6), wherein the polymer or oligomer has the
structure represented by general formula (12a) below

[Formula 13]

(122)

Ej— Args AI57_T_AIGS—AI59—T_AI70 Ar7—Ep
Arp Arg A/

Ryo

(in the formula, Ar to Ar., each independently represent
substituted or unsubstituted arylene or heteroarylene; E, ; and
E,, each represent a group that has a polymerizable substitu-
ent; and R, and R,, each independently represent —R',
—OR?, —SR?, —OCOR?*, —COOR?®, —SiR°R'R®, or a
general formula as follows

[Formula 14]

AN, AN
\/(O\/)\R“

c

(where R' to R'' represent the hydrogen atom, C,_,,
straight-chain, cyclic or branched alkyl, or C, 5, aryl or het-
eroaryl, and a, b, and ¢ each represent an integer with a value
of at least 1)).
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(13) The organic electronic material according to any of the
preceding (7) to (12), wherein the numerical average of n in
general formula (7a), (8a), (9a), (10a), (11a), or (12a) is 2 to
20.

(14) The organic electronic material according to any of the
preceding (1) to (13), further comprising a polymerization
initiator.

(15) An organic electronic device fabricated by using the
organic electronic material according to any of the preceding
(D to (14).

(16) An organic electroluminescent device fabricated by
using the organic electronic material according to any of the
preceding (1) to (14).

(17) An organic electroluminescent device in which at least
an anode, a hole injection layer, a light-emitting layer, and a
cathode are stacked, wherein the hole injection layer is a layer
formed by using the organic electronic material according to
any of the preceding (1) to (14).

(18) An organic electroluminescent device in which at least
an anode, a hole transport layer, a light-emitting layer, and a
cathode are stacked, wherein the hole transport layer is a layer
formed by the organic electronic material according to any of
the preceding (1) to (14).

The organic electronic material of the present invention can
easily form a thin film in a consistent manner and, due to the
change in solubility brought about by a polymerization reac-
tion, readily enables the formation of the organic thin film
layer in a multilayer configuration. It is therefore an
extremely useful material for improving the emission effi-
ciency and emission life of organic electronic devices and
particular polymer organic EL devices and also forraising the
productivity associated therewith.

This application carries priority based on Japanese Patent
Application 2006-196780 (filed 19 Jul. 2006) and Japanese
Patent Application 2007-016898 (filed 26 Jan. 2007), previ-
ously filed by the present patent applicant, and incorporates
their Specifications herein as references.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram that shows an example of a
multilayered organic EL device;

FIG. 2 is the 'H-NMR spectrum of the monomer A syn-
thesized in Monomer Synthesis Example 1;

FIG. 3 is the 'H-NMR spectrum of the monomer B syn-
thesized in Monomer Synthesis Example 2;

FIG. 4 is the gel permeation chromatogram of the oligomer
B synthesized in Oligomer Synthesis Example 2;

FIG. 5 is a graph that shows the luminance-curtent effi-
ciency behavior of the organic EL devices of Example 1 and
Comparative Example 1;

FIG. 6 is a graph that shows the lifetime curve of the
organic EL devices of Example 1 and Comparative Example
1

FIG. 7 is a graph that shows the luminance-current effi-
ciency behavior of the organic EL devices of Example 2,
Example 3, and Comparative Example 2; and

FIG. 8 is a graph that shows the lifetime curve of the
organic EL devices of Example 2, Example 3, and Compara-
tive Example 2.

BEST MODE FOR CARRYING OUT THE
INVENTION

The organic electronic material of the present invention
characteristically comprises oligomer or polymer that has at
least one polymerizable substituent and a hole-transporting
repeat unit.
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Here, the “hole-transporting repeat unit” specified above is
an atomic group that has the capacity to transport holes and is
considered in detail below.

There are no particular limitations on this hole-transport-
ing repeat unit other than that it is a monomer unit that has the
capacity to transport holes; however, aromatic ring-contain-
ing amine structures are particularly preferred and can be
exemplified by the following general formulas (1a), (2a),
(3a), (4a), (5a), and (6a).

[Formula 15]

(1a)

R
(22)
Ars—Il\T—Ars—Il\T—Am—Arg—

z|%r9 TIIO

R, R3
(32)

A N—Arp—Arg— N—Ary—Ar;s—
TIIG T117
Ry Rs
(42)
—Arg— N—Ar—
AAIZO
|
R¢
(53)
——An— N—Arm—N—An;—
Ar, Ans
R; Rg
(62)
A N—Arn;—Ang—— N—Any—
Atz Arz)
| |
Ry Rip

Ar, 10 Ar,, in general formulas (1a), (2a), (3a), (4a), (5a),
and (6a) each independently represent substituted or unsub-
stituted arylene or heteroarylene. Here, arylene refers to an
atomic group obtained by removing two hydrogen atoms
from an aromatic hydrocarbon, while heteroarylene refers to
an atomic group obtained by removing two hydrogen atoms
from a heteroatom-containing aromatic compound. The
arylene and heteroarylene may be substituted or unsubsti-
tuted. The arylene can be exemplified by phenylene, biphe-
nyldiyl, terphenyldiyl, naphthylenediyl, anthracenediyl, tet-
racenediyl, fluorenediyl, phenanthrenediyl, and so forth,
while the heteroarylene can be exemplified by pyridinediyl,
pyrazinediyl, quinolinediyl, isoquinolinediyl, acridinediyl,
phenanthrolinediyl, furandiyl, pyrrolediyl, thiophenediyl,
oxazolediyl, oxadiazolediyl, thiadiazolediyl, triazolediyl,
benzoxazolediyl, benzoxadiazolediyl, benzothiadiazolediyl,
benzotriazolediyl, benzothiophenediyl, and so forth. The fol-
lowing structural formulas (1) to (30) are examples of possi-
bly substituted arylenes and possibly substituted het-
eroarylenes.
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[Formula 16]
@
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-continued

R R R R
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14)
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-continued -continued
1%) (22)
R R

R R
R N—N R
I\
0
N
Il{ R R
R R

10
(16)

23
0 R R 23)
I R — R

ey
e
[

—Z

Z
=z

17
v R 20 (24)

25

K R
(18)
0
7N
N N 30 (25)
\ R R
R }\I \ R
$
35
K R
R R
R R
19)
SN0
N N 40

\ / (26)

45

R R
(20)
|
N. 50
N/ \N 27
\ / K
R R
55
E R R R
@n O \N
R 60 —/
N \ R R N
O
R R’ 65
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-continued
(28)
R
R R
R R
(29)
(30)
R R R R

The R, to R, substituents in general formulas (1a), (2a),
(3a), (4a), (5a), and (6a) and the substituent R in structural
formulas (1) to (30) are not particularly restricted, are each
independently selected, and can be exemplified by —R,
—OR?, —SR?, —OCOR", —COOR’, —SiR°R'R®, or a
polyether with the following general formula

[Formula 17]

/éo\/i\Rs’, /e\/Oi\RIO,
SAOS

(in the formulas, R* to R'* represent the hydrogen atom,
C, _,, straight-chain, cyclic or branched alkyl, or C,_,, aryl or
heteroaryl, and a, b, and ¢ each represent an integer with a
value of at least 1 and preferably are integers from 1 to 4).
Among the preceding substituents, the following are pre-
ferred for the aforementioned R, to R, and R, each consid-
ered independently, from the standpoints of the polymeriz-
ability and heat resistance: the hydrogen atom (i.e.,
unsubstituted); direct substitution by the alkyl, aryl, or het-
eroaryl represented by —R'; and the hydroxyl, alkoxy, ary-
loxy, and heteroaryloxy represented by —OR?.
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Based on solubility and chemical stability considerations,
the arylene or heteroarylene not directly bonded to nitrogen in
the aforementioned general formulas (1a), (2a), (3a), (4a),
(5a), and (6a) (Ar,, Arg, and Ar, 5 in these formulas) is pref-
erably phenylene, fluorenediyl, phenanthrenediyl, or the
above-cited structural formula (29) or (30), which have con-
densed ring structures. 1, m, and n in structural formulas (29)
and (30) are integers from 1 to 5 and preferably are integers
from 2 to 4. In addition, when the organic electronic material
of the present invention is used for the hole transport layer or
hole injection layer of an organic EL device, the hole trans-
port layer or hole injection layer desirably has a high LUMO
level in order to efficiently trap electrons in the light-emitting
layer and thereby raise the emission efficiency. Viewed from
this perspective, the use of structural formulas (29) and (30)
with their polycyclic structures is more preferred.

In order to adjust the solubility, heat resistance, and elec-
trical properties, the polymer or oligomer used in the present
invention may be a copolymer that contains the aforemen-
tioned arylene group and/or heteroarylene group as a copo-
lymerized repeat unit, in addition to the hole-transporting
repeat unit. In this instance the copolymer may be a random,
block, or graft copolymer or may be a polymer that has a
structure intermediate therebetween or thereamong, for
example, a random copolymer with some block characteris-
tics. In addition, the polymer or oligomer used in the present
invention may include branching in the main chain and thus
may have three or more terminals.

The polymer or oligomer used in the present invention has
at least one “polymerizable substituent”. This “polymeriz-
able substituent” refers to a substituent that can form an
intermolecular bond between at least two molecules through
a polymerization reaction, and it is described in detail below.

The polymerizable substituent can be exemplified by
groups that contain a carbon-carbon multiple bond (e.g., the
vinyl group, acetylene group, butenyl group, acrylic group,
acrylate group, acrylamide group, methacryl group, meth-
acrylate group, methacrylamide group, allene group, allyl
group, vinyl ether group, vinylamino group, furyl group,
pyrrole group, thiophene group, silole group, and so forth),
groups that contain a small ring (e.g.. cyclopropyl, cyclobu-
tyl, epoxy, the oxetane group, the diketene group, the episul-
fide group, and so forth), lactone groups, lactam groups, and
groups containing a siloxane derivative. In addition to the
preceding groups, combinations of groups capable of form-
ing an ester bond or amide bond can also be used. Examples
here are the combination of an ester group with the amino
group and the combination of an ester group with the
hydroxyl group. The oxetane group, epoxy group, vinyl
group, acrylate group, and methacrylate group are preferred
for the polymerizable substituent from the standpoint of reac-
tivity.

The polymerizable substituent may be introduced in pen-
dant position on the polymer or oligomer, or in terminal
position, or at both pendant and terminal position.

The case of the introduction of the polymerizable substitu-
ent in terminal position on the polymer or oligomer is con-
sidered in detail in the following. The following general for-
mulas (7a), (8a), (9a), (10a), (11a), and (12a) are examples of
polymers or oligomers according to the present invention in
which the polymerizable substituent is introduced at the ter-
minals of the polymer or oligomer and the hole-transporting
repeat unit has general formula (1a), (2a), (3a), (4a), (5a), or
(6a), supra.



US 8,632,892 B2

[Formula 18]
(Ta) s
Ey—arg AIFT_AITA%S ArsEy
TI37 /
Ry
10
[Formula 19]
(8a)
E3—AIF<AI391|\I Ar401|\1 ArrArﬁArTE‘t 15
‘|“44 /|“45 A
Ry, Ry3
20
[Formula 20]
©a)
ES—AI~(AI N—Arg—Ar;—N—Ar— Ar‘)*Ar?Es
| "
Trsz Tr54 ;
Ry Rys
[Formula 21]
(100)
Er—arg AI?T_Arﬂ ArggEg
Tr59
n
Ri6
[Formula 22] 40
(11a)
E9_AI5T<AIWI|\I_AI61 T_Arsz) ArgEy,
45
Trs4 Trss /
Ryy Rig
[Formula 23] 50
(12a)
ET“E(“FT_AIGS AIFIF_AIWJ ArE, 5
?In ‘?I73 /
Ry Ry

(in general formulas (7a), (8a), (9a), (10a), (11a), and
(12a), Ar;, to Ar., each independently represent substituted
or unsubstituted arylene or heteroarylene; E, to each repre-
sent a group that has a polymerizable substituent; R ; to R,
each independently represent —R', —OR? SR’
—OCOR*, —COOR®, —SiR°R’R®, or a general formula as
follows

60

16

[Formula 24]

AN Do AN
SAS

(R' to R*! represent the hydrogen atom, C,_,, straight-
chain, cyclic or branched alkyl, or C,_;, aryl or heteroaryl,
and a, b, and ¢ each represent an integer with a value of at least
1 and are preferably integers from 1 to 4) and n is an integer
with a value of at least 1).

E, to E,, are, for example, a group as yielded by the bond-
ing of at least one of the aforementioned polymerizable sub-
stituents to an alkyl group, alkoxy group, aryl group, arylene
group, heteroaryl group, heteroarylene group, and so forth,
and may be a group having an arylamine structure. E, toE |,
are preferably an oxetane-containing group, of which the
following

[Formula 25]

ST

B aate
st

0
0 CHj,
N
Q O
0 CH;
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-continued

O
O\Sz/cH3

|
T C

0]

O&/C%
are examples.

The numerical average of the repeat number n in general
formulas (7a), (8a), (9a), (10a), (11a), and (12a) is preferably
at least 2 but not more than 100 and more preferably is at least
2 but not more than 20. The film production consistency is
impaired when n is too low. When 11 is too large, there is little
change in solubility even when the polymerization reaction is
carried out and the capacity for multilayering is thus
impaired.

The number-average molecular weight of the polymer or
oligomer used in the present invention is preferably at least
1,000 but not more than 100,000 and more preferably is at
least 1,000 but not more than 10,000. The film production
consistency is impaired when the molecular weight is less
than 1,000. When the molecular weight exceeds 100,000,
there is little change in solubility even when the polymeriza-
tion reaction is carried out and the capacity for multilayering
is thus impaired. The number-average molecular weight of
the polymer or oligomer is the number-average molecular
weight when measurement is carried out by gel permeation
chromatography using polystyrene standards.

The polydispersity of the polymer or oligomer used in the
present invention is preferably larger than 1.0, more prefer-
ably is at least 1.1 but not more than 5.0, and most preferably
is at least 1.2 but not more than 3.0. There is a tendency for
aggregation to readily occur after film formation when the
polydispersity is too small, while a trend of declining device
characteristics sets in when the polydispersity is too large.
The polydispersity of the polymer or oligomer is the value
(weight-average molecular weight/number-average molecu-
lar weight) measured by gel permeation chromatography
using polystyrene standards.

The polymer or oligomer used in the present invention can
be produced by various synthesis procedures known to the
individual skilled in the art. For example, considering the case
in which the individual monomer units contain an aromatic
ring and a polymer is produced in which the aromatic rings
are bonded to each other, the methods described by Yama-
moto etal. (T. Yamamoto etal., Bull. Chem. Soc. Jap., Volume
51, Number 7, p. 2091 (1978)) and Zembayashi et al. (M.
Zembayashi et al., Tet. Lett., Volume 47, p. 4089 (1977)) can
be used, while the method reported by Suzuki et al. (A.
Suzuki et al., Synthetic Communications, Volume 11, Num-
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ber 7,p. 513 (1981)) is a general method of polymer produc-
tion. In this reaction, a Pd-catalyzed cross-coupling reaction
(commonly known as a “Suzuki reaction”) occurs between an
aromatic boronic acid derivative and an aromatic halide, and
the polymer or oligomer used in the present invention can be
produced using this reaction to bond the corresponding aro-
matic rings to each other.

This reaction requires a soluble Pd compound in the form
of a Pd(IT) salt or a Pd(0) complex. Generally preferred Pd
sources are Pd(Ph,P),, Pd(OAc), complexes with tertiary
phosphine ligands, and the PACL,(dppf) complex, at 0.01 to 5
mole % with reference to the aromatic reactants. This reaction
also requires a base, and aqueous alkali carbonate or bicar-
bonate is most preferred. The reaction can also be promoted in
nonpolar solvents using a phase-transfer catalyst. N,N-dim-
ethylformamide, toluene, anisole, dimethoxyethane, tetrahy-
drofuran, and so forth are used as the solvent.

A polymerization initiator may additionally be incorpo-
rated in the organic electronic material of the present inven-
tion in addition to the aforementioned polymer or oligomer.
This polymerization initiator should exhibit the capacity to
induce polymerization ofthe polymerizable substituent upon
the application of heat, light, microwaves, radiation, an elec-
tron beam, and so forth, but is not otherwise particularly limit;
however, it preferably can initiate polymerization upon expo-
sure to light and/or the application of heat and more prefer-
ably can initiate polymerization upon exposure to light (re-
ferred to below as a photoinitiator). The photoinitiator should
exhibit the capacity to induce the polymerization of the poly-
merizable substituent upon exposure to light at from 200 nm
to 800 nm, but is not otherwise particularly limited. When, for
example, the polymerizable substituent is the oxetane group,
iodonium salts, sulfonium salts, and ferrocene derivatives are
preferred from a reactivity standpoint, and examples of these
compounds are provided below.

[
R R R R
+
R I R
X
R R R R
R R
R
R R R << :7
R +
S R Fe X
R
X
R R R
R
R R
0

g N—O0—S§—CF;
0

X = SbFg, (CgFs)B, CF3803, PFg, BE,, C4F,S03, CH;Cel1,805

Formula 26]

0]

0]

The photoinitiator may be used in combination with a
photosensitizer in order to increase the photosensitivity. The
photosensitizer can be exemplified by anthracene derivatives
and thioxanthone derivatives.
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The incorporation rate for the polymerization initiator is
preferably 0.1 weight % to 10 weight %, more preferably 0.2
weight % to 8 weight %, and particularly preferably 0.5 to 5
weight %, in each case with reference to the total weight of the
organic electronic material. It becomes increasingly difficult
to elaborate a multilayer configuration when the polymeriza-
tion initiator is incorporated at less than 0.1 weight %, while
atrend of declining device characteristics sets in at above 10
weight %.

In order to adjust the electrical characteristics, a carbon
material may also be incorporated—in addition to the above-
cited polymer or oligomer—into the organic electronic mate-
rial of the present invention.

The various layers used in, e.g., an organic electronic
device and so forth, can be formed using the organic elec-
tronic material of the present invention, for example, as fol-
lows: a solution containing the organic electronic material of
the present invention is coated on a desired substrate by a
known method (for example, an inkjet procedure; casting;
immersion; a printing procedure such as relief printing, inta-
glio printing, offset printing, planographic printing, relief
reverse printing, screen printing, and gravure printing; or spin
coating), after which the polymerization reaction of the poly-
mer or oligomer is induced by, for example, exposure to light
or the application of heat, in order to cause a change in the
solubility (cure) of the applied layer. Repetition of this pro-
cess makes it possible to elaborate a polymer organic elec-
tronic device or organic EL device as a multilayer configura-
tion.

The coating method cited above can be carried out in the
temperature range generally from —20to +300° C., preferably
10 to 100° C., and particularly preferably 15 to 50° C. The
solvent used in the solution cited above is not particularly
limited and can be exemplified by chloroform, methylene
chloride, dichloroethane, tetrahydrofuran, toluene, xylene,
mesitylene, anisole, acetone, methyl ethyl ketone, ethyl
acetate, butyl acetate, ethyl cellosolve acetate, and so forth.

The light source used to carry out the light exposure cited
above can be, for example, a low-pressure mercury lamp,
medium-pressure mercury lamp, high-pressure mercury
lamp, ultrahigh-pressure mercury lamp, metal halide lamp,
xenon lamp, fluorescent lamp, light-emitting diode, sunlight,
and so forth. The heat treatment can be carried out on a hot
plate or in an oven and can be run in the temperature range
from 0 to +300° C., preferably 20 to 250° C., and particularly
preferably 80 to 200° C.

The organic electronic material of the present invention can
be used by itself as the functional material of an organic
electronic device. In addition, the organic electronic material
of the present invention can be used by itself as a hole injec-
tion layer, hole transport layer, electron blocking layer, light-
emitting layer, hole blocking layer, electron transport layer, or
electron injection layer in an organic EL device. It may also
be used for organic electronic devices and organic EL devices
with various additives incorporated therein. For example, a
metal complex containing a central metal such as Ir and Pt can
be used in the case of application for the light-emitting layer
of an organic EL device. An electron acceptor (e.g.. a triph-
enylamine derivative, tetracyanoquinodimethane) and a vari-
ety of oxidizing agents can be used in the case of application
for a hole injection layer or hole transport layer.
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The organic electronic device and the organic EL device of
the present invention are provided with a layer that contains
the organic electronic material of the present invention, but
are not otherwise particularly limited with regard to their
structure and so forth. General structures for organic ELs are
disclosed in, for example, U.S. Pat. No. 4,539,507 and U.S.
Pat. No. 5,151,629. Polymer-containing organic EL. devices
are disclosed in, for example, WO 90/13148 and EP 0 443
861. As a general matter, these contain an electroluminescent
layer (light-emitting layer) between a cathode (negative elec-
trode) and an anode (positive electrode) wherein at least one
of the electrodes is transparent. In addition, at least one elec-
tron injection layer and/or electron transport layer may be
inserted between the electroluminescent layer (light-emitting
layer) and the cathode and at least one hole injection layer
and/or hole transport layer may be inserted between the elec-
troluminescent layer (light-emitting layer) and the anode.

The material of the above-cited cathode, for example, pref-
erably is a metal or metal alloy such as Li, Ca, Mg, Al, In, Cs,
Ba, Mg/Ag, LiF, CsF, and so forth. The anode can be a metal
(e.g., Au) or other material that exhibits a metallic conductiv-
ity, for example, an oxide (e.g., ITO: indium oxide/tin oxide),
on a transparent substrate (e.g., glass or a transparent poly-
mer).

In accordance with the preceding description, the organic
electronic material of the present invention can be used as a
hole injection layer, hole transport layer, light-emitting layer,
electron transport layer, electron injection layer, and so forth
in organic electronic devices, and in particular is used pref-
erably as a hole injection layer, hole transport layer, and/or
light-emitting layer in an organic EL device, more preferably
as a hole injection layer and/or hole transport layer in an
organic EL device, and most preferably as a hole transport
layer in an organic EL device. The film thickness of these
layers is not particularly limited, but 10 to 100 nm is pre-
ferred, 20 to 60 nm is more preferred, and 20 to 40 nm is even
more preferred.

EXAMPLES

The present invention is described by the following
examples, but is not limited thereby.

Examples of Synthesis of the Polymerizable
Substituent-Containing Monomer

Monomer Synthesis Example 1

[Formula 27]
(0)

;
HO\SZ/
Br
O

3-ethyl-3-hydroxymethyloxetane (50 mmol), 4-bro-
mobenzyl bromide (50 mmol), n-hexane (200 mL), tetrabu-

(C4Ho)4NBr
_—
NaOHaq/Hexane



US 8,632,892 B2

21

tylammonium bromide (2.5 mmol), and 50 weight % aqueous
sodium hydroxide solution (36 g) were introduced into a
roundbottom flask and were stirred for 6 hours under nitrogen
while heating to 70° C. After cooling to room temperature
(25°C.), 200 mL water was added and extraction with n-hex-
ane was carried out. After the solvent had been distilled off,
purification by silica gel column chromatography and
vacuum distillation yielded 9.51 g polymerizable substituent-
containing monomer A as a colorless oil. Yield=67 weight %.
'H-NMR (300 MHz, CDCl,, & ppm): 0.86 (t, J=7.5 Hz, 3H),
1.76 (t, I=7.5 Hz, 2H), 3.57 (s, 2H), 4.39 (d, J=5.7 Hz, 2H),

10

22

was carried out. After the solvent had been distilled off, puri-
fication by silica gel column chromatography yielded 1.75 g
polymerizable substituent-containing monomer B as a color-
less solid. Yield=96 weight %. "H-NMR (300 MHz, CDCl,, 8
ppm): 0.88 (t, J=7.5 Hz, 3H), 1.78 (1, I=7.5 Hz, 2H), 3.59 (s,
2H), 4.40 (d, J=5.7 Hz, 2H), 4.48 (d, ]=5.7 Hz, 2H), 4.49 (s,
2H), 7.41 (m, 2H), 7.59 (m, 1H). The ‘H-NMR spectrum of
polymerizable substituent-containing monomer B is shown
in FIG. 3.

Oligomer Syntheses

Oligomer Synthesis Example 1

[Formula 29]

445 (d, J=5.7 Hz, 2H), 4.51 (s, 2H), 7.22 (d, J=8.4 Hz, 2H),
7.47 (d, J=8.4 Hz, 2H). The *H-NMR spectrum of polymer-
izable substituent-containing monomer A is shown in FIG. 2.

Monomer Synthesis Example 2

[Formula 28]
Br,
Br
0 (C4HyliNBr
—_—
* NaOHag/Hexane
HO
Br

Br 0
O\SZ/

Br

3-ethyl-3-hydroxymethyloxetane (5 mmol), 3,5-bro-
mobenzyl bromide (5 mmol), n-hexane (20 mL), tetrabuty-
lammonium bromide (0.25 mmol), and 50 weight % aqueous
sodium hydroxide solution (3.6 g) were introduced into a
roundbottom flask and were stirred for 6 hours under nitrogen
while heating to 70° C. After cooling to room temperature
(25° C.), 20 mL water was added and extraction with toluene
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2,7-bis(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9.9-
dioctylfluorene (0.4 mmol), 4,4'-dibromo-4"-n-butyltriph-
enylamine (0.32 mmol), polymerizable substituent-contain-
ing monomer A (0.16 mmol), tetrakistriphenylphosphine
palladium (0.008 mmol), 2 M aqueous potassium carbonate
solution (5.3 mL), Aliquat 336 (0.4 mmol), and anisole (4
mL) were introduced into a sealable fluororesin container and
were stirred for 2 hours under nitrogen in the sealed container
under microwave irradiation at 90° C. The reaction solution
was poured into a methanol/water mixed solvent (9:1) and the
precipitated polymer was filtered off. Purification by two
reprecipitations yielded an oligomer A that had a polymeriz-
able substituent and a hole-transporting repeat unit. The
obtained oligomer A had a number-average molecular weight
of 4652 as polystyrene and a polydispersity of 1.83.

Oligomer Synthesis Example 2

Synthesis was carried out by the same procedure as in
Oligomer Synthesis Example 1 using 2,7-bis(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-y1)-9,9-dioctylfluorene 0.4
mmol), 4,4'-dibromo-4"-n-butyltriphenylamine (0.24 mmol),
polymerizable substituent-containing monomer A (0.32
mmol), tetrakistriphenylphosphine palladium (0.008 mmol),
2 M aqueous potassium carbonate solution (5.3 mL), Aliquat
336 (0.4 mmol), and anisole (4 mL) to obtain an oligomer B
that had a polymerizable substituent and a hole-transporting
repeat unit. The obtained oligomer B had a number-average
molecular weight 03456 as polystyrene and a polydispersity
of 1.48. The gel permeation chromatogram of oligomer B is
shown in FIG. 4.
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Oligomer Synthesis Example 3

[Formula 30]

C4H9 C4H9

CgHy7 CsHyz

Synthesis was carried out by the same procedure as in 30  Synthesis was carried out by the same procedure as in
Oligomer Synthesis Example 1 using 4,4'-bis(4,4,5,5-tetram- O]igomer Synthesis Examp]e 1 uging 4’4'_bis(4’4’5’5_tetram_
ethyl-1,3 ,2-di‘0xab0r olan-z -yl)-4"-n-butyltriphenylamine ethyl-1,3,2-dioxaborolan-2-y1)-4"-n-butyltriphenylamine
mmol), 2.7-dibromo-9,9-dioctylfluorene (0.32 mmol), poly- (0.4 mmol), 4,9-dibromo-10b-octyl-1,2,3,10b-tetrahydrof-

merizable substituent-containing monomer A (0.16 mmol), | hene (032 .ol 7able subsi .
tetrakistriphenylphosphine palladium (0.008 mmol), 2 M 35 uoranthene (0.32 mmol), polymerizable substituent-contain-

aqueous potassium carbonate solution (5.3 mL), Aliquat 336 ingmonomer A (0.16 mmol), tetrakistriphenylphosphine pal-
(0.4 mmol), and anisole (4 mL) to obtain an oligomer C that ladium (0.008 mmol), 2 M aqueous potassium carbonate
had a polymerizable substituent and a hole-transporting solution (5.3 mL), Aliquat 336 (0.4 mmol), and anisole (4
repeat unit. The obtained oligomer C had a number-average

! . : mL) to obtain an oligomer D that had a polymerizable sub-
molecular weight of 3065 as polystyrene and a polydispersity 40

stituent and a hole-transporting repeat unit. The obtained

of 1.46.
oligomer D had a number-average molecular weight of 2886
Oligomer Synthesis Example 4 as polystyrene and a polydispersity of 1.83.
[Formula 31]
C4Hy
0]
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Oligomer Synthesis Example 5

C4T

O\
Br N Br + B N B
6] 0O

|

26

[Formula 32]

C4T

C4Ho

Sy ooo S

Synthesis was carried out by the same procedure as in 30

Oligomer Synthesis Example 1 using 4,4'-bis(4.,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)-4"-n-butyltriphenylamine
(0.4 mmol), 4,4'-dibromo-4"-n-butyltriphenylamine (0.32
mmol), polymerizable substituent-containing monomer A
(0.16 mmol), tetrakistriphenylphosphine palladium (0.008
mmol), 2 M aqueous potassium carbonate solution (5.3 mL),
Aliquat 336 (0.4 mmol), and anisole (4 mL) to obtain an
oligomer E that had a polymerizable substituent and a hole-
transporting repeat unit. The obtained oligomer E had a num-
ber-average molecular weight of 2856 as polystyrene and a
polydispersity of 1.54.

Oligomer Synthesis Example 6

35

40

CuHo

(X )
585 ot

|

CyHg

O
/

Synthesis was carried out by the same procedure as in
Oligomer Synthesis Example 1 using 4,4'-bis(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-y1)-4"-n-butyltriphenylamine
(0.4 mmol), 6,13-dibromopentacyclo[12.3.1.1,10,1411,5,9]
nonadeca-5,7,9(19),10,12,14(19)-hexaene  (0.32 mmol),
polymerizable substituent-containing monomer A (0.16
mmol), tetrakistriphenylphosphine palladium (0.008 mmol),
2 M aqueous potassium carbonate solution (5.3 mL), Aliquat
336 (0.4 mmol), and anisole (4 mL) to obtain an oligomer F
that had a polymerizable substituent and a hole-transporting
repeat unit. The obtained oligomer F had a number-average
molecular weight of 4830 as polystyrene.

[Formula 33]

C4Ho

o .. o
Ko Lo @ A
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Oligomer Synthesis Example 7

[Formula 34]

C4Hg

Synthesis was carried out by the same procedure as in  tion (5.3 mL), Aliquat 336 (0.4 mmol), and anisole (4 mL) to
Oligomer Synthesis Example 1 using 4,4'-bis(4,4,5,5-tetram- ,; obtain an oligomer G that had a polymerizable substituent
ethyl-1,3,2-dioxaborolan-2-y1)-4"-n-butyltriphenylamine and a hole-transporting repeat unit. The obtained oligomer G
(0.4 mmol), 1,3-dibromo-5-[2-(2-methoxyethoxy)ethoxy] had a number-average molecular weight of 4010 as polysty-
benzene (0.32 mmol), polymerizable substituent-containing rene.
monomer A (0.16 mmol), tetrakistriphenylphosphine palla-
dium (0.008 mmol), 2 M aqueous potassium carbonate solu- Oligomer Synthesis Example 8

[Formula 35]

AN 0

|
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Synthesis was carried out by the same procedure as in
Oligomer Synthesis Example 1 using N* N*-bis[4-(4,4,5,5-
tetramethyl[ 1,3,2]dioxaborolan-2-y1)phenyl|-N* N*-di-p-
tolylbiphenyl-4,4'-diamine (0.4 mmol), 1,3-dibromo-5-[2-
(2-methoxyethoxy)ethoxy|benzene 0.32 mmol),
polymerizable substituent-containing monomer A (0.16
mmol), tetrakistriphenylphosphine palladium (0.008 mmol),
2 M aqueous potassium carbonate solution (5.3 mL), Aliquat
336 (0.4 mmol), and anisole (4 mL) to obtain an oligomer H
that had a polymerizable substituent and a hole-transporting
repeat unit. The obtained oligomer H had a number-average
molecular weight of 4120 as polystyrene.

Comparative Polymer Synthesis Example

[Formula 36]

Synthesis was carried out by the same procedure as in
Oligomer Synthesis Example 1 using 2,7-bis(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-y1)-9,9-dioctylfluorene (0.4
mmol), 4,4'-dibromo-4"-n-butyltriphenylamine (0.4 mmol),
tetrakistriphenylphosphine palladium (0.004 mmol), 2 M
aqueous potassium carbonate solution (5.3 mL), Aliquat 336
(0.4 mmol), and anisole (4 mL) to obtain Comparative Poly-
mer A that had a hole-transporting repeat unit and that lacked
apolymerizable substituent. The obtained Comparative Poly-
mer A had a number-average molecular weight of 60,216 as
polystyrene.

Light-Emitting Polymer Synthesis Example

Csly7 CgH 7
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drying by heating for 10 minutes at 200° C. in air on a hot
plate to form a hole injection layer (40 nm). The following
experiment was then carried out under a dry nitrogen atmo-
sphere.

A coating solution obtained by mixing the oligomer A (4.4
mg) obtained in Oligomer Synthesis Example 1, a photoini-
tiator (0.13 mg) with the following chemical formula,

[Formula 38]

B(CeFs)y

and toluene (1.2 mL)was then spin-coated at 3000 rpm on the
hole injection layer, followed by curing by exposure to light
(3 J/em?) using a metal halide lamp and heating for 60 min-
utes at 180° C. on a hot plate to form a hole transport layer (40

A toluene solution (1.5 weight %) of the yellow-emitting
polymer obtained in the preceding light-emitting polymer
synthesis example was then spin-coated at 3000 rpm on the
hole transport layer followed by heating for 5 minutes at 80°
C. on a hot plate to form a polymer light-emitting layer (film
thickness=100 nm). Multilayering of the hole transport layer
and the light-emitting layer could be carried out without
dissolving in each other.

The resulting glass substrate was transferred into a vacuum
vapor deposition instrument and an electrode was formed on
the light-emitting layer in the sequence Ba (film thickness=3
nm) and Al (film thickness=100 nm).

After electrode formation, the substrate was transferred,
without exposure to the atmosphere, into a dry nitrogen atmo-
sphere and a sealing glass formed by the introduction of a 0.4
mm recess in 0.7 mm non-alkali glass was sealed to the ITO
substrate by bonding with a photocurable epoxy resin, thus
forming a polymer organic EL, device having a multilayer
structure. The following experiment was carried out in air at
room temperature (25° C.).

[Formula 37]

Synthesis was carried out by the same procedure as in
Oligomer Synthesis Example 1 using 2,7-bis(4.4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-y1)-9,9-dioctylfluorene (0.4
mmol), 4,4'-dibromotriphenylamine (0.08 mmol), 4,7-di-
bromo-2,1,3-benzothiadiazole (0.32 mmol), tetrakistriph-
enylphosphine palladium (0.004 mmol), 2 M aqueous potas-
sium carbonate solution (5.3 mL), Aliquat 336 (0.4 mmol),
and anisole (4 mL) to obtain a yellow-emitting polymer.

Fabrication of Organic EL Devices
Example 1
A PEDOT:PSS dispersion (CH8000 LVW233 from

Starck-Vtech) was spin-coated at 4000 rpm onto a glass sub-
strate patterned with ITO at a width of 1.6 mm followed by

55

60

65

When voltage was applied to the obtained organic EL
device using the ITO as the anode and the Al as the cathode,
vellow emission was observed at about 5V and the current
efficiency at a luminance of 6000 cd/m> was 5.4 cd/A. The
current-voltage characteristic was measured using a 4140B
picoammeter from Hewlett-Packard and the emitted lumi-
nance was measured using a Prichard 1980B luminance
meter from Photo Research Corporation.

With regard to the lifetime, a lifetime of 30 hours was
obtained when the luminance was measured with a BM-7
from Topcon Corporation while applying a constant current
of 0.5 mA and the time required for the luminance to decline
by half from the initial luminance (1000 cd/m®) was mea-
sured.
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Comparative Example 1

An organic EL device was fabricated as in Example 1, but
in this case without forming the hole transport layer. When
voltage was applied to this organic EL device, yellow emis-
sion was seen at about 5 V and the current efficiency at a
luminance of 6000 cd/m> was 2.8 c¢d/A; Example 1 thus
vielded an efficiency that was 1.9-times higher. Measurement
of the lifetime showed that the luminance was halved in 1.5
hours, and Example 1 thus gave a lifetime what was 20 times
as long. The luminance-current efficiency behavior of the
organic EL devices of Example 1 and Comparative Example
1 is shown in FIG. 5, while the lifetime of the organic EL
devices of Example 1 and Comparative Example 1 is shown
in FIG. 6.

Example 2

Operating in a dry nitrogen atmosphere, a coating solution
obtained by mixing the oligomer A (4.4 mg) obtained in
Oligomer Synthesis Example 1, the photoinitiator (0.13 mg)
used in Example 1, and toluene (500 ul) was spin-coated at
3000 rpm onto a glass substrate patterned with ITO at a width
of 1.6 mm. This was followed by curing by exposure to light
(3 Jem?) using a metal halide lamp and heating for 15 min-
utes at 120° C. and 60 minutes at 180° C. onahot plate to form
a hole injection layer (50 nm).

A toluene solution (1.0 weight %) of a mixture of polymer
1 (75 weight parts) with the structural formula given below,
polymer 2 (20 weight parts) with the structural formula given
below, and polymer 3 (5 weight parts) with the structural
formula given below was then spin-coated at 3000 rpm on the
hole injection layer followed by heating for 5 minutes at 80°
C. on a hot plate to form a polymer light-emitting layer (film
thickness=80 nm). Multilayering of the hole injection layer
and the light-emitting layer could be carried out without
dissolving in each other. Ba/Al electrode formation and seal-
ing were carried out as in Example 1 to fabricate a polymer
organic EL device.

[Formula 39]

polymer 1

polymer 2

n

polymer 3
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When voltage was applied to the obtained organic EL
device using the ITO as the anode and the Al as the cathode,
green emission was observed at about 4 V and the current
efficiency at a luminance of 5000 cd/m?® was 12.1 cd/A. With
regard to the lifetime, a lifetime of 25 hours was obtained
when the time required for the luminance to decline by half
from the initial luminance (2000 cd/m?) was measured.

Example 3

An organic EL device was fabricated as in Example 2, but
in this case using the oligomer E obtained in Oligomer Syn-
thesis Example 5 as the hole injection layer material in place
of oligomer A. In this case, multilayering of the hole injection
layer and the light-emitting layer could again be carried out
without dissolving in each other.

The current efficiency of this organic EL device was 10.4
cd/A at a luminance of 5000 cd/m”. With regard to the life-
time, a lifetime of 25 hours was obtained when the time
required for the luminance to decline by half from the initial
luminance (2000 cd/m?) was measured.

Comparative Example 2

A PEDOT:PSS dispersion (CH8000 LVW233 from Starck
Vtech) was spin-coated at 4000 rpm onto a glass substrate
patterned with ITO at a width of 1.6 mm followed by drying
by heating for 10 minutes at 200° C. in air on a hot plate to
form a hole injection layer (40 nm). This was followed by
formation of a light-emitting layer, Ba/Al electrode forma-
tion, and sealing as in Example 2 to fabricate an organic EL
device.

The current efficiency of this organic EL device was 6.8
cd/A at a luminance of 5000 cd/m”. With regard to the life-
time, a lifetime of 17 hours was obtained when the time
required for the luminance to decline by half from the initial
luminance (2000 c¢d/m?) was measured.

Summarizing the results of Examples 2 and 3 and Com-
parative Example 2, the current efficiency of the organic EL
device in Example 2 and Example 3 was 1.78 times and 1.53
times higher, respectively, than that in Comparative Example
2. The lifetime of the organic EL device in Example 2 and
Example 3 was in both instances 1.47 times longer than that
in Comparative Example 2. The luminance-current efficiency
behavior of the organic EL devices of Examples 2 and 3 and
Comparative Example 2 is shown in FIG. 7, while the lifetime
of the organic EL devices of Examples 2 and 3 and Compara-
tive Example 2 is shown in FIG. 8.

Examples of the Fabrication of Multilayer Thin-Film
Structures

Example 4

The coating solution used to form the hole transport layer
in Example 1 was spin-coated at 3000 tpm on a quartz sub-
strate, followed by curing by exposure to light (3 J/cm?) using
ametal halide lamp and heating for 60 minutes at 180° C. on
a hot plate to produce a first layer. The film thickness of this
first layer measured with a stylus-type profilometer (XP-2
from Ambios Technology, Inc.) was 40 nm.

The toluene solution of yellow-emitting polymer used in
Example 1 was then spin-coated at 3000 rpm followed by
heating for 5 minutes at 80° C. on a hot plate to form a
polymer light-emitting layer (film thickness=100 nm). The
overall film thickness measured by the stylus-type profilome-
ter was 140 nm, which confirmed that the first layer had
remained intact.

Comparative Example 3

A coating solution obtained by mixing the comparative
polymer A (4.4 mg) obtained as described above, the photo-
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initiator (0.13 mg) used in Example 1, and toluene (1.2 mL)
was spin-coated at 3000 rpm on a quartz substrate, followed
by exposure to light (3 J/em?) using a metal halide lamp and
heating for 60 minutes at 180° C. on a hot plate to produce a
first layer. The film thickness of this first layer was 40 nm. 5

The toluene solution of yellow-emitting polymer used in
Example 1 was then spin-coated at 3000 rpm followed by
heating for 5 minutes at 80° C. on a hot plate to form a
polymer light-emitting layer (film thickness=100 nm). The
overall film thickness was 100 nm. Thus, the dissolution of
the first layer occurred, therefore a multilayer structure could
not be fabricated in Comparative Example 3.

The invention claimed is:

1. An organic electronic material, comprising (a) a polymer
or oligomer having at least one polymerizable substituent and
a hole-transporting repeat unit, and (b) a polymerization ini-
tiator,

wherein the polymer or oligomer has the structure repre-

sented by general formula (10a) below:

20
[Formula 9]

Es—Arg AI?IF_AIE ArggEg
Al 59
n
16

|
R

(102)

25

(in the formula, Ar,s to Ar,, each independently represent
substituted or unsubstituted arylene or heteroarylene; E, and
Ey each represent a group that has a polymerizable substitu-
ent, wherein said polymerizable substituent is introduced in a
terminal position on the polymer or oligomer, and is an oxet-
ane group; a numerical average of the repeat number n is at
least 2 but not more than 100; and R4 represents —R?,
—OR?, —SR?, —OCOR*, —COOR®, —SiR°R’R®, or a
general formula as follows:

AN, AN
SNAS N

(where R* to R*! represent the hydrogen atom, C, ., straight-
chain, cyclic or branched alkyl, or C, 5, aryl or heteroaryl,
and a, b, and ¢ each represent an integer with avalue of at least
1)), and

40

34

wherein the polymerization initiator is iodonium salt hav-

ing (C4F5),B™ as an anion.

2. The organic electronic material according to claim 1,
wherein the number-average molecular weight of the poly-
mer or oligomer is at least 1,000 and not more than 100,000.

3. The organic electronic material according to claim 1,
wherein the polydispersity of the polymer or oligomer is
larger than 1.0.

4. An organic electronic device fabricated by using the
organic electronic material according to claim 1.

5. An organic electroluminescent device fabricated by
using the organic electronic material according to claim 1.

6. An organic electroluminescent device in which at least
an anode, a hole injection layer, a light-emitting layer, and a
cathode are stacked, wherein the hole injection layer is alayer
formed by using the organic electronic material according to
claim 1.

7. An organic electroluminescent device in which at least
an anode, a hole transport layer, a light-emitting layer, and a
cathode are stacked, wherein the hole transport layer is alayer
formed by the organic electronic material according to claim
1.

8. The organic electronic material according to claim 1,
wherein the numerical average of n in general formula (10a)
is 2 to 20.

9. The organic electronic material according to claim 1,
wherein the polymerization initiator is included in the organic
electronic material in an amount of 0.1 weight % to 10 weight
%, based on a total weight of the organic electronic material.

10. The organic electronic material according to claim 1,
wherein the polymerization initiator is a photoinitiator, and
wherein the organic electronic material further includes a
photosensitizer.

11. The organic electronic material according to claim 1,
which further includes a carbon material in addition to said
polymer or oligomer.

12. The organic electronic material according to claim 1,
wherein Ar.. to Ar,, represent phenylene, R, represents
butyl, and each of E, and E; represents
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