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CHARGE-TRANSPORTING MATERIAL AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Japanese Patent Application No. 2015-016007, filed on Jan.
29, 2015 in the Japan Patent Office, Japanese Patent Appli-
cation No. 2015-016012, filed on Jan. 29, 2015 in the Japan
Patent Office, and Korean Patent Application No. 10-2015-
0162842, filed on Nov. 19, 2015 in the Korean Intellectual
Property Office, the contents of which are incorporated herein
in their entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to charge-transport-
ing materials and organic light-emitting devices including the
charge-transporting materials.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs) are self-
emission devices, which have a wide viewing angle, a high
contrast ratio, a high response speed. In addition, OLEDs
have excellent luminance, driving voltage and response speed
characteristics, and embody full-color images.

[0006] A typical organic light-emitting device includes an
anode, a cathode, and an organic layer between the anode and
the cathode, wherein the organic layer includes an emission
layer. A hole transport region may be positioned between the
anode and the emission layer, and an electron transport region
may be positioned between the emission layer and a cathode.
Holes provided from the anode move toward the emission
layer through the hole transport region, and electrons pro-
vided from the cathode move toward the emission layer
through the electron transport region. The holes and the elec-
trons, which are carriers, recombine in the emission layer to
produce excitons. The excitons transition from an excited
state to a ground state, thereby generating light.

[0007] Different types of organic light emitting devices are
known. However, there still remains a need in OLEDs having
low driving voltage, high efficiency, high brightness, and long
lifespan.

SUMMARY

[0008] Provided are charge-transporting materials and
organic light-emitting devices including charge-transporting
materials, wherein the charge-transporting materials include
a triphenyl amine unit in their side chains.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
exemplary embodiments.

[0010] According to an aspect of an exemplary embodi-
ment, a charge-transporting material includes Structural Unit
(1) represented by one of Formulae 1 and 2; and Structural
Unit (2) represented by one of Formulae 3 and 4:
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[0011]

[0012] X,,.X,,,Y;,, and Y,, are each independently a
linking group included in a main chain of the charge-trans-
porting material;

[0013] A,,, A,,, and B,, are each independently selected
from a single bond; a carbazolylene group, a fluorenylene
group, an arylene group, and a divalent heterocyclic group;
and

[0014] a carbazolylene group, a fluorenylene group, an
arylene group, and a divalent heterocyclic group, each sub-
stituted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino group,
an alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group;

[0015] B, is selected from a single bond; a carbazolylene
group, a fluorenylene group, an arylene group, and a divalent
heterocyclic group;

[0016] a carbazolylene group, a fluorenylene group, an
arylene group, and a divalent heterocyclic group, each sub-
stituted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino group,
an alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group; and

In Formulae 1 to 4,
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[0017] an amino group represented by —IN(Q, )(Q,,)-;
[0018] nll, n21, m31, and m41 are each independently
selected from 1 and 2;

[0019] Z,, is selected from a carbazolyl group, a fluorenyl
group, an aryl group, and a heterocyclic group;

[0020] R,,,R,,,R,,t0R,;, R ,, and R,  are each indepen-
dently selected from a hydrogen atom, a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino group,
an alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group,

[0021] )R, ;and R, are each independently selected from
a hydrogen atom, an aryl group, a tert-butyl group, a carba-
zolyl group, a fluorenyl group, a heterocyclic group, and an
amino group represented by —N(Q,5)(Q,4)-, provided that at
least one of R;; and R4 is selected from an aryl group, a
tert-butyl group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and an amino group represented by
—N(Q,5)(Q,,)-,andQ, ,isconnectedtoR 5, R ,,R,;,0rR ¢
to form a ring; or

[0022] 1ii)R,;and R ; are eachindependently selected from
a hydrogen atom, an aryl group, a tert-butyl group, a carba-
zolyl group, a fluorenyl group, a heterocyclic group, and an
amino group represented by —N(Q,5)(Q, ), provided that at
least one of R,; and R 5 is selected from an aryl group, a
tert-butyl group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and an amino group represented by
—N(Q;5)(Q,¢), R, 5, and R,, are bound to each other to form
a carbazole ring including R, to R,;

[0023] R,, to R, are each independently selected from a
hydrogen atom, a halogen atom, a cyano group, an alkyl
group, an aryl group, an amino group, an alkoxy group, a
carbazolyl group, and a silyl group;

[0024] R, andR,, are eachindependently selected from an
aryl group; and
[0025] an aryl group, substituted with at least one selected

from a cross-linking group, a halogen atom, a cyano group, an
alkyl group, an aryl group, an amino group, an alkoxy group,
a carbazolyl group, a fluorenyl group, a heterocyclic group,
and a silyl group, provided that at least one of R;, and R, is
an aryl group substituted with a cross-linking group;

[0026] R, is selected from a hydrogen atom, a halogen
atom, a cyano group, an alkyl group, an aryl group, an amino
group, an alkoxy group, a carbazolyl group, a fluorenyl group,
a heterocyclic group, and a silyl group; and

[0027] an aryl group, substituted with at least one selected
from cross-linking group, a halogen atom, a cyano group, an
alkyl group, an aryl group, an amino group, an alkoxy group,
a carbazolyl group, a fluorenyl group, a heterocyclic group,
and a silyl group, provided that at least one of R, (s) is an aryl
group substituted with a cross-linking group;

[0028] b41 is selected from 1, 2, and 3;

[0029] Q,,. Q;; Q,5, and Q,, are each independently
selected from

[0030] an aryl group and a heterocyclic group; and

[0031] anaryl group and a heterocyclic group, each substi-

tuted with at least one selected from a halogen atom, a cyano
group, an alkyl group, an aryl group, an amino group, an
alkoxy group, a carbazolyl group, a fluorenyl group, a het-
erocyclic group, and a silyl group;

[0032] Q,,and Q,, are each independently selected from
[0033] an arylene group and a divalent heterocyclic group;
and

[0034] an arylene group and a divalent heterocyclic group,

each substituted with at least one selected from a halogen
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atom, a cyano group, an alkyl group, an aryl group, an amino
group, an alkoxy group, a carbazolyl group. a fluorenyl group,
a heterocyclic group, and a silyl group.

[0035] Another aspect provides an organic light-emitting
device including:

[0036] a first electrode;
[0037] asecond electrode; and
[0038] anorganic layer disposed between the first electrode

and the second electrode, wherein the organic layer includes
the charge-transporting material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0040] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting device according to an embodiment;
[0041] FIG. 2A is a transmission electron microscope
(TEM) cross-sectional image of an organic light-emitting
device (1-5) manufactured according to Device Example 5;
[0042] FIG. 2B is a graph of intensity (arbitrary units)
versus distance (nanometers, nm) illustrating a contrast of the
image of FIG. 2A with respect to a distance (a thickness of
layer);

[0043] FIG. 3A is a TEM cross-sectional image of a com-
parative organic light-emitting device (1-2) manufactured
according to Device Comparative Example 2; and

[0044] FIG. 3B is a graph of intensity (arbitrary units)
versus distance (nanometers, nm) illustrating a graph of a
contrast of the image of FIG. 3A with respect to a distance (a
thickness of layer).

DETAILED DESCRIPTION

[0045] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0046] It will be understood that when an element is
referred to as being “on” another element, it can be directly in
contact with the other element or intervening elements may
be present therebetween. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present.

[0047] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,



US 2016/0225998 A1

component, region, layer, or section without departing from
the teachings of the present embodiments.

[0048] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0049] The term “or” means “and/or” It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, regions, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

[0050] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this general inventive concept belongs. It will be fur-
ther understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of
the relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0051] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0052] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within 30%, 20%, 10%, 5% of the
stated value.

[0053] Organic light-emitting devices may use various
charge-transporting materials including a hole-transporting
material. A charge-transporting material may transport
charges toward an emission layer, and also, may prevent
permeation of an exciton, which is formed in the emission
layer by recombining a hole and an electron, into a hole
transport region and/or an electron transport region. The hole-
transporting material has high charge mobility and high trip-
let energy, and due to these characteristics, the hole-transport-
ing material may provide green and blue organic light-
emitting devices having high efficiency.

[0054] Forexample, Japanese Patent Publication No. 2008-
91894 discloses a polymer including a triphenyl amine unit in
its side chain, wherein the triphenyl amine unit acts as a
hole-transporting material.
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[0055] The hole-transporting material disclosed in Japa-
nese Patent Publication No. 2008-91894 has a charge trans-
port performance. However, when one layer is formed on
another layer including the hole-transporting material to form
a stack structure, the other layer including the hole-transport-
ing material may be dissolved in a solvent that is used to form
the layer, thereby losing its charge transport capability.
Accordingly, the solvent that is used to form the layer should
be selected from materials that do not dissolve the other layer
constituting the hole-transporting material. However, when
solubility of the solvent is taken into consideration, only a
limited range of materials are available for the layer. Mean-
while, a hole-transporting material that further includes, in
addition to the unit disclosed in Japanese Patent Publication
No. 2008-91894, a separate unit that provides a resistance
against a solvent may be used in a hole transport layer and a
hole injection layer. In this embodiment, however, a ratio of a
charge-transporting unit per unit density may be reduced, and
charge transport performance deteriorates.

[0056] The hole-transporting material of Japanese Patent
Publication No. 2008-91894 has a low charge resistance, and
accordingly, an organic light-emitting device including a hole
transport layer and a hole injection layer each including the
hole-transporting material has a short lifespan (that is, its
durability may be reduced). Meanwhile, a hole-transporting
material that includes, in addition to the unit disclosed in
Japanese Patent Publication No. 2008-91894, a separate unit
to provide charge resistance may be used in a hole transport
layer and ahole injection layer. In this embodiment, however,
a ratio of a charge-transporting unit per unit density may be
reduced, and charge transport performance deteriorates.
[0057] Charge-transporting materials are classified into a
main chain-type charge-transporting material including a
charge-transporting unit in its main chain and a side chain-
type charge-transporting material including a charge-trans-
porting unit in its side chain. The side chain-type charge-
transporting material may have lower charge mobility than
the main chain-type charge-transporting material.

[0058] The inventors of the present disclosure searched for
an explanation of low charge mobility displayed by the side
chain-type charge-transporting material, and assumed that in
the embodiment including the side chain-type transporting
material, its main chain skeleton does not involve in charge-
transport, and accordingly, a charge transport performance
per volume is low. Accordingly, by taking into consideration
the structure of a high density (ratio) of a charge-transporting
unit, it was found that the low charge transport performance
can be improved by using a triphenyl amine unit to which a
particular substituent is introduced.

[0059] Hereinafter, embodiments will be described below,
but they are not limited thereto.

[0060] Herein, Structural Unit (1) represented by one of
Formulae 1 and 2 will be referred to as “Structural Unit (1)”,
and Structural Unit (2) represented by one of Formulae 3 and
4 will be referred to as “Structural Unit (2)”.

[0061] The expression indicating a range, “x to y”, as used
herein means “a range of x or more and y or less.”

[0062] Unless defined otherwise, manipulating and mea-
suring properties are considered as being performed at a
temperature of 20 to 25° C. and at a humidity of 40 to 50%.
[0063] The term “a cross-linking group” as used herein
refers to a group that reacts (cross-links) with identical or
different structural units around the cross-linking group by
heating or radiating active energy rays to form a new bond.
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When the cross-linking group is a cyclobutane, the cross-
linking reactivity, cross-linking stability, and electrochemical
stability of the charge-transporting material may be
improved. When the cross-linking group is an epoxy group,
an oxetane group, a cyclic ether group, or a vinyl ether group,
cross-linking reactivity of the charge-transporting material
may be improved.

[0064] The term “aryl group” as used herein refers to a
monovalent group derived from arene, and the term “arylene
group” as used herein refers to a divalent group derived from
arene. The arene may be any cyclic group that consists of a
carbon atom and a hydrogen atom only.

[0065] For example, the “arylene group” may be derived
from a benzene ring (a phenylene group), a biphenyl ring (a
biphenylenyl group), a naphthalene ring (a naphthalenylene
group), an anthracene ring (an anthracenylene group), or a
fluorene ring (a fluorenylene group). For example, the arylene
group may be a benzene-derived cyclic group (a phenylene
group). The aryl group may be understood by descriptions of
the divalent arylene group, except that the aryl group is a
monovalent group.

[0066] For example, the “aryl group” may be a C4 to C,,
aryl group. Examples of the aryl group are a phenyl group, a
benzyl group, a phenethyl group, an o-, m- or p-tolyl group, a
2,3- or 2,4-=xylyl group, a mesityl group, a naphthyl group, an
anthryl group, a phenanthryl group, a biphenyl group, a ben-
zhydryl group, a trityl group, and a pyrenyl group. For
example, the aryl group may be a phenyl group.

[0067] The term “heterocyclic group” as used herein refers
to a monovalent group derived from a heterocycle, and a
“divalent heterocyclic group” refers to a divalent group
derived from a heterocycle. The heterocycle may be any
cyclic group that further includes, in addition to a carbon
atom and a hydrogen atom, at least one heteroatom selected
from a nitrogen atom, an oxygen atom, and a sulfur atom. For
example, the heterocycle may be derived from a thiophene
ring, a dithienothiophene ring, a cyclopentadithiophene ring,
phenyl-thiophene ring, a diphenyl-thiophene ring, an imida-
zole ring, an oxazole ring, an iso-oxazole ring, a thiazole ring,
a pyrrole ring, a furan ring, a benzofuran ring, an iso-benzo-
furan ring, a cumarin ring (for example, 3,4-dihydrocu-
marin), abenzimidazole ring, a benzoxazole ring, a rhodanine
ring, a dirhodanine ring, a pyrazolone ring, an imidazolone
ring, a pyran ring, a pyridine ring, a pyrazine ring, a pyrazole
ring, a pyrimidine ring, a pyridazine ring, a triazine ring, a
fluorene ring, a benzothiophene ring, a benzo[c|thiophene
ring, a benzimidazole ring, a benzoxazole ring, a benzoisox-
azole ring, a benzothiazole ring, an indole ring, a phthalazine
ring, a cinnoline ring, a quinazoline ring, a carbazole ring, a
carboline ring, a diazacarboline ring (a carboline having at
least one carbon atom that is substituted with a nitrogen
atom), a 1,10-phenanthroline ring, a quinone ring, a thiohy-
dantoin ring, a pyrazolone ring, or a pyrazoline ring. Two or
more of these heterocycles may be used ina combination with
one another. For example, the heterocycle may be derived
from a phenyl-pyridine (for example, a 4-phenylpyridine), a
styrylthiophene (for example, 2-styrylthiophene), a 2-(9H-
fluorene-2-yl)thiophene, a 2-phenylbenzo[b]thiophene, phe-
nylthiophene ring, a (1,1-diphenyl-4-phenyl)-1,3-butadiene,
1,4-diphenyl-1,3-dibutadiene, a 4-(phenylmethylene)-2,5-
cyclohexadiene, or a phenyldithenothiophene ring. The het-
erocyclic group is a monovalent form of these heterocycles,
and a divalent heterocyclic group is a divalent form of these
heterocycles.
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[0068] The term “a halogen atom” as used herein refers to
a fluorine atom, a chlorine atom, bromine) atom, and an
iodine atom.

[0069] The term “alkyl group” as used herein refers to a
linear or branched C, to C,, alkyl group. For example, the
alkyl group may be selected from a methyl group, an ethyl
group, an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neo-pentyl group, a 1,2-dimethylpropy! group, an
n-hexyl group, an iso-hexyl group, a 1,3-dimethylbutyl
group, a l-iso-propylpropyl group, a 1,2-dimethylbutyl
group, an n-heptyl group, a 1,4-dimethyl pentyl group, a
3-ethyl pentyl group, a 2-methyl-1-iso-propylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, 2-ethylhexyl
group, a 3-methyl-1-iso-propylbutyl group, a 2-methyl-1-iso-
propyl group, a 1-t-butyl-2-methylpropyl group, an n-nonyl
group, a 3,5,5-trimethylhexyl group, an n-decyl group, an
iso-decyl group, an n-undecyl group, a 1-methyldecyl group,
an n-lauryl group, an n-tridecyl group, an n-tetradecyl group,
an n-pentadecyl group, an n-hexadecyl group, an n-heptade-
cyl group, an n-octadecyl group, an n-nonadecyl group, an
n-eicosyl group, an n-henicosyl group, an n-docosyl group,
an n-tricosyl group, and an n-tetracosyl group. For example,
the alkyl group may be a linear or branched C, to C, alkyl
group. The term “alkoxy group™ as used herein refers to a
linear or branched C, to C,, alkoxy group. For example, the
alkoxy group may be selected from a methoxy group, an
ethoxy group, a propoxy group, an iso-propoxy group, a
butoxy group, a pentyloxy group, a hexyloxy group, a hepty-
loxy group, an octyloxy group, a nonyloxy group, a decyloxy
group, a undecyloxy group, a dodecyloxy group, a tridecy-
loxy group, a tetradecyloxy group, a pentadecyloxy group, a
hexadecyloxy group, a heptadecyloxy group, an octadecy-
loxy group, a 2-ethylhexyloxy group, and a 3-ethylpentyloxy
group. For example, the alkoxy group may be a linear or
branched C, to Cg alkoxy group.

[0070] Theterm “a carbazole group” as used herein may be
represented by one of Formulae 5-1 to 5-3:

51
*
N,
5-2
Z
|
N,
53
Z
|
N

*
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[0071]

[0072] Zisselected from a hydrogen atom, an alkyl group,
an alkoxy group, and an aryl group; and

[0073]

[0074] The alkyl group, the alkoxy group, and the aryl
group are not limited thereto, and are the same as described
above.

[0075] The term “a carbazolylene group” as used herein
may be represented by one of Formulae 5-4 to 5-7:

In Formulae 5-1 to 5-3,

* indicates a binding site to a neighboring atom.

54
[ 7
N,
7 55
|
N
**’
5-6
[
N,
5-7

[0076]

[0077] Zisselected from a hydrogen atom, an alkyl group,
an alkoxy group, and an aryl group; and

In Formulae 5-4 to 5-7,

[0078] *and * each indicate a binding site to a neighboring
atom.
[0079] The alkyl group, the alkoxy group, and the aryl

group are not limited thereto, and are the same as described
above.

[0080] The term “a fluorenyl group” as used herein may be
represented by one of Formulae 5-8 to 5-10:

5-8
® 7

S0
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-continued
59
zZ 7
5-10
zZ 7

*

[0081] In Formulae 5-8 to 5-10,

[0082] 7 and 7' may each independently be selected from a
hydrogen atom, an alkyl group, an alkoxy group, and an aryl
group; and

[0083] * indicates a binding site to a neighboring atom.
[0084] The alkyl group, the alkoxy group, and the aryl
group are not limited, and are the same as described above.
[0085] The term “a fluorenylene group” as used herein may
be represented by one of Formulae 5-11 to 5-14:

z 7 o,
5-12
z 7
’ 5-13
. Z Z
’ 5-14
., Z Z

[0086] In Formulae 5-11 to 5-14,

[0087] Z and 7' are each independently selected from a
hydrogen atom, an alkyl group, an alkoxy group, and an aryl
group; and

[0088] *and * each indicate a binding site to a neighboring
atom.
[0089] The alkyl group, the alkoxy group, and the aryl

group are not limited thereto, and are the same as described
above.
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[0090] The term “silyl group” may be represented by —Si
(ZN(Z,)(Z5). Herein, Z, to 7, may each independently be
selected from an alkyl group, an alkoxy group, and an aryl
group. The alkyl group, the alkoxy group, and the aryl group
are not limited thereto, and are the same as described above.

[0091]

[0092] A charge-transporting material according to an
embodiment is a copolymer including Structural Unit (1)
represented by one of Formulae 1 and 2; and Structural Unit
(2) represented by one of Formulae 3 and 4.

[0093] The expression that a charge-transporting material
according to an embodiment includes “Structural Unit (1)
represented by one of Formulae 1 and 2; and Structural Unit
(2) represented by one of Formulae 3 and 4” may include an
embodiment in which: i) the charge-transporting material
includes Structural Unit (1) represented by Formula 1 and
Structural Unit (2) represented by Formula 3, and an embodi-
ment in which ii) the charge-transporting material includes
Structural Unit (1) represented by Formula 1, Structural Unit
(2) represented by Formula 3, and Structural Unit (2) repre-
sented by Formula 4.

[0094] Structural Unit (2)1s a triphenyl amine unit having a
cross-linking group. Accordingly, Structural Unit (2) may act
as a unit having a cross-linking group and a charge-transport-
ing unit. Thus, a charge-transporting material including
Structural Unit (2) may provide a higher ratio of a charge-
transporting unit (while obtaining high charge transport pet-
formance), and high cross-linking properties. Since Struc-
tural Unit (2) includes a cross-linking group, cross-linking
may occur by heating and/or radiating active energy rays. Due
to the cross-linking reaction, a layer that is not dissolved in a
solvent and has high durability may be formed. Accordingly,
an organic light-emitting device including a charge-transport-
ing material including Structural Unit (2) may have high
durability.

[0095] Also, for example, even when one layer is coated on
another layer including the charge-transporting material, the
other layer including the charge-transporting material may
not be completely, or may be barely, dissolved in a solvent
that is used to form the layer for the coating.

[0096] The charge-transporting material is readily synthe-
sized, and is suitable for production in great quantities.

[0097] X,,.X,,,Y5;. andY,, in Formulae 1 to 4 may each
independently be a linking group included in a main chain of
the charge-transporting material. The linking group included
in a main chain of the charge-transporting material may have
any structure that is able to constitute the main chains of
Structural Units (1) and (2).

[0098] For example, X, X,,, Y5, and Y, in Formulae 1
to 4 may each independently be a group represented by one of
Formulae 6-1 to 6-10, but are not limited thereto:

Charge-Transporting Material

61
*— CH,—CH—*

Y
6-2
CH;
*—CH—C—*

x!
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6-3
CH;
*—CH—CH—*
|
Y
6-4
CH; CHj
*—(H—(—*
|
w!
6-5
*—CH;—TH—*
C=0
|
(@]
|
*,
6-6
|
*_CHZ_(lj_*
=0
|
(@]
|
wl
6-7
*—CH;—TH—*
1
NH
|
&
6-8
"
*_CHZ_(lj_*
.
NH
|
®1
6-9
*—(O—CH—*
w1
6-10

*— CH=C—*

*l

[0099] In Formulae 6-1 to 6-10,

[0100] * indicates a binding site to an atom included in the
main chain of the charge-transporting material,

[0101] *'indicates a binding site to A, A,,, B;;, or B,,.

[0102] In some embodiments, X,,, X5,, Y5, and Y, in
Formulae 1 to 4 may each independently be a group repre-
sented by one of Formulae 6-1 and 6-2, but are not limited
thereto.

[0103] A,,.A,,, and B,, in Formulae 1, 2 and 4 may each
independently be selected from a single bond; a carba-
zolylene group, a fluorenylene group, an arylene group, and a
divalent heterocyclic group; and

[0104] a carbazolylene group, a fluorenylene group, an
arylene group, and a divalent heterocyclic group, each sub-
stituted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino group,
an alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group.
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[0105] Forexample, A, in Formula 1 may be selected from
asingle bond; an arylene group; and an arylene group substi-
tuted with a heterocyclic group, but is not limited thereto.
[0106] In some embodiments, A,, in Formula 1 may be a
single bond; and an arylene group, but is not limited thereto.
[0107] Forexample, A, in Formula2 may be selected from
asingle bond; and an arylene group, but is not limited thereto.
[0108] Forexample, A,, in Formula 2 may be selected from
a single bond; and a phenylene group, but is not limited
thereto. When A, in Formula 2 is a phenylene group, elec-
trochemical stability may be improved. Accordingly, an
organic light-emitting device including the charge-transport-
ing material may have alonger lifespan. When A, in Formula
2 is a phenylene group, reactivity of the charge-transporting
material in a monomer state before polymerization may be
suppressed, leading to ease of handling in the course of manu-
facturing.

[0109] Forexample, B,, in Formula 4 may be selected from
a carbazolylene group, a fluorenylene group, an arylene
group, and a divalent heterocyclic group; and

[0110] a carbazolylene group, a fluorenylene group, an
arylene group, and a divalent heterocyclic group, each sub-
stituted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino group,
an alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group, but is not limited
thereto.

[0111] In some embodiments, B,, in Formula 4 may be a
fluorenylene group substituted with an alkyl group, but is not
limited thereto.

[0112] In some embodiments, B,, in Formula 4 may be a
fluorenylene group substituted with a linear or branched C, to
C,, alkyl group, but is not limited thereto.

[0113] Insome embodiments, B,, in Formula 4 may not be
a fluorenylene group substituted with a fluorenyl group, but is
not limited thereto.

[0114] nl1 in Formula 1 indicates the number of groups
A, and n11 may be selected from 1 and 2. Whennllis 2, a
plurality of groups A, |, may be identical to or different from
each other.

[0115] n21 in Formula 2 indicates the number of groups
A,,, and n21 may be selected from 1 and 2. Whenn21is 2, a
plurality of groups A,, may be identical to or different from
each other.

[0116] m41 in Formula 4 indicates the number of groups
B,,, m41 may be selected from 1 and 2. When m41 is 2, a
plurality of groups B, may be identical to or different from
each other.

[0117]  For example, (A;)),11, (As)),01, and (Byp),q; in
Formulae 1, 2, and 4 may each independently be a group
represented by one of Formulae 9-1 to 9-6, but are not limited
thereto:

9-1

x!
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9-5
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9-6
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a . .
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[0118] In Formulae 9-1 to 9-6,

[0119] R" indicates an alkyl group; and

[0120] *and * each indicate a binding site to a neighboring
atom.

[0121] B;, in Formula 3 may be selected from a single

bond; a carbazolylene group, a fluorenylene group, an arylene
group, and a divalent heterocyclic group;

[0122] a carbazolylene group, a fluorenylene group, an
arylene group, and a divalent heterocyclic group, each sub-
stituted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino group,
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an alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group; and

[0123] an amino group represented by —N(Q,,)(Q}5)-;
and

[0124] Q,, and Q,, are the same as described below.
[0125] Forexample, B, in Formula 3 may be selected from

a single bond; an arylene group, and an amino group repre-
sented by —N(Q,, )(Q,,)-, but is not limited thereto.

[0126] In some embodiments, B, in Formula 3 may be a
single bond; a phenylene group, and an amino group repre-
sented by —N(Q;,)(Q, ,)-, but is not limited thereto. When
B;, in Formula 3 is a phenylene group, an electrochemical
stability may be improved, and accordingly, a formed organic
light-emitting device may have a longer lifespan. When B, in
Formula 3 is a phenylene group, reactivity of the formed
charge-transporting material in a monomer state before poly-
merization may be suppressed, leading to ease of handling in
the course of manufacturing.

[0127] m31 in Formula 3 indicates the number of groups
B;,, and m31 may be selected from 1 and 2. When m31 is 2,
a plurality of groups B;; may be identical to or different from
each other.

[0128] Forexample, (B;,),,5; in Formula 3 may be a group
represented by one of Formulae 9-1 to 9-7, but is not limited
thereto:

9-1

9-2

9-3
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[0129] In Formulae 9-1 to 9-7,
[0130] R"is an alkyl group; and
[0131] *and * each indicate a binding site to a neighboring
atom.
[0132] Z,, in Formula 4 may be selected from a carbazolyl
group, a fluorenyl group, an aryl group, and a heterocyclic
group.
[0133] A,,.A,,,B;,.and B, in Formulae 1 to 4 may each

include a substituent. Due to the inclusion of a substituent, a
quinoid structure, which occurs during charge-transport, and
side reactions caused thereby may occur in a less extent, and
electrochemical stability may be improved. Accordingly, an
organic light-emitting device including such a charge-trans-
porting material may have improved durability. Also, reactiv-
ity of monomers before polymerization may be suppressed,
leading to ease of handling in the synthesis or manufacturing
course.

[0134] For example, 7., in Formula 4 may be a fluorenyl
group, but is not limited thereto.
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[0135] R,,,R;»,R,,t0R,;, R}, and R, in Formula 1 may
each independently be selected from a hydrogen atom, a
halogen atom, acyano group, an alkyl group, an aryl group, an
amino group, an alkoxy group, a carbazolyl group, a fluorenyl
group, a heterocyclic group, and a silyl group.

[0136] For example, R;;, Ri5, R4 t0 R, Rjg,and R, in
Formula 1 may be each independently be selected from a
hydrogen atom, alkyl group, an aryl group, and a heterocyclic
group, but are not limited thereto.

[0137] In some embodiments, R, , R;5, R4 to Ry, R,
and R, in Formula 1 may each independently be selected
from a hydrogen atom and an aryl, but are not limited thereto.

[0138] 1)R,;andR,4inFormula 1 may each independently
be selected from a hydrogen atom, an aryl group, a tert-butyl
group, a carbazolyl group, a fluorenyl group, a heterocyclic
group, and an amino group represented by —N(Q,;)(Q_,)-,
provided that at least one of R, ; and R 4 is selected from an
aryl group, a tert-butyl group, a carbazolyl group, a fluorenyl
group, a heterocyclic group, and an amino group represented
by —N(Q,3)(Q,4)-, and Q,, may be bound to R, ,, R, R, 5,
or R, to form a ring; or

[0139] i) R,;and R, may each independently be selected
from a hydrogen atom, an aryl group, a tert-butyl group, a
carbazolyl group, a fluorenyl group, a heterocyclic group, and
an amino group represented by —N(Q, 5)(Q, ), provided that
at least one of R, and R4 is selected from an aryl group, a
tert-butyl group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and an amino group represented by
—N(Q,5)(Q,5), and R 5 and R, are bound to each other to
form a carbazole ring including R, to R,,; and

[0140] Q,;to Q, will be described below.

[0141] R,; and R,y may provide charge-resistance to the
triphenyl amine unit of the Structural Unit (1). Accordingly,
Structural Unit (1) may have a high charge transport perfor-
mance and a high charge resistance. Thus, an organic light-
emitting device including a charge-transporting material
according to an embodiment may have a long lifespan, high
efficiency, and a low driving voltage.

[0142] For example, in Formula 1, R, may be a hydrogen
atom, and R, 4 may be an aryl group, but they are not limited
thereto.

[0143] In some embodiments, R ; and R, in Formula 1
may each independently be an aryl group, but they are not
limited thereto.

[0144] Insomeembodiments, R,; maybeahydrogenatom,
and R, ; may be a carbazolyl group, but they are not limited
thereto.

[0145] Insomeembodiments, R,; maybeahydrogenatom,
and R, ; may be a fluorenyl group, but they are not limited
thereto.

[0146] Insomeembodiments,R,;maybeahydrogenatom,
and R, g may be an amino group represented by —N(Q, )
(Q,.)-, but they are not limited thereto.

[0147] Insomeembodiments, R, maybeahydrogenatom,
R,g is an amino group represented by —N(Q,s)(Q,); and
R, and R,, may be bound to each other to form a carbazole
ring including R, to R,,, but they are not limited thereto.

[0148] R,, toR,,in Formula 2 may each independently be
selected from a hydrogen atom, a halogen atom, a cyano
group, an alkyl group. an aryl group, an amino group, an
alkoxy group, a carbazolyl group, and a silyl group.
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[0149] For example, R,;, R,,, Ry, 10 Ry, Ryg, and Ry, in
Formula 2 may each independently be selected from a hydro-
gen atom, an alkyl group, and an aryl group, but they are not
limited thereto.

[0150] In some embodiments, R,;, Ry, Rsu to Ryoy Ry,
and R,, in Formula 2 may each independently be selected
from a hydrogen atom, and a phenyl group, but they are not
limited thereto.

[0151] For example, R, and R, in Formula 2 may each
independently be selected from a hydrogen atom, a halogen
atom, a cyano group, an amino group, an alkoxy group, and a
silyl group, but they are not limited thereto.

[0152] In some embodiments, R, and R, in Formula 2
may each independently be a hydrogen atom, but they are not
limited thereto.

[0153] R, and R, in Formula 3 may each independently
be selected from an aryl group; and

[0154] an aryl group. substituted with at least one selected
from a cross-linking group, a halogen atom, a cyano group, an
alkyl group, an aryl group, an amino group, an alkoxy group,
a carbazolyl group, a fluorenyl group, a heterocyclic group,
and a silyl group, provided that at least one of R;; and R;, 1s
an aryl group substituted with a cross-linking group.

[0155] For example, R;; and R;, in Formula 3 may each
independently be selected from a phenyl group and a biphenyl
group; and

[0156] a phenyl group and a bipheny! group, each substi-
tuted with at least one selected from a cross-linking group, a
halogen atom, acyano group, an alkyl group, an aryl group, an
amino group, an alkoxy group, a carbazolyl group, a fluorenyl
group, a heterocyclic group, and a silyl group, provided that at
least one of R, and R4, may be selected from a phenyl group
and a biphenyl group, each substituted with a cross-linking
group, but they are not limited thereto.

[0157] In some embodiments, in Formula 3, R;, may be
selected from a phenyl group and a biphenyl group, and R,
may be selected from a phenyl group and a biphenyl group,
each substituted with a cross-linking group, but they are not
limited thereto.

[0158] In some embodiments, R;, and R, in Formula 3
may each independently be selected from a pheny! group and
abiphenyl group, each substituted with a cross-linking group,
but is not limited thereto.

[0159] R, in Formula 4 may be selected from a hydrogen
atom, a halogen atom, a cyano group, an alkyl group, an aryl
group, an amino group, an alkoxy group, a carbazolyl group,
a fluorenyl group, a heterocyclic group, and a silyl group; and
[0160] an aryl group, substituted with at least one selected
from a cross-linking group, a halogen atom, a cyano group, an
alkyl group, an aryl group, an amino group, an alkoxy group,
a carbazolyl group, a fluorenyl group, a heterocyclic group,
and a silyl group, provided that at least one of groups R, may
be an aryl group substituted with a cross-linking group.
[0161] Forexample, R, in Formula 4 may be selected from
ahydrogen atom and a phenyl group substituted with a cross-
linking group, provided that at least one of groups R, may be
a phenyl group substituted with a cross-linking group, but is
not limited thereto.

[0162] In some embodiments, b41 in Formula 4 may be
selected from 1 and 2;

[0163] R,, may be a phenyl group substituted with a cross-
linking group, but is not limited thereto.

[0164] Forexample, atleastoneof R, andR;, in Formulae
3 and 4 may be a group represented by one of Formulae 7-1 to
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7-10, and at least one of groups R,, may be a group repre-
sented by one of Formulae 7-1to 7-7, 7-9, and 7-10, but they
are not limited thereto:

7-1
R ®
| A
HZC—C—I
F
7-2
F k3
| 1 N
FC=C—r
Va
7-3
]
A
74
[ 3
2
7-5
AN 0
[ Lo
A
7-6
R E3
| | A
HyC=C—C—r
g 7
77
Ar H *
|| | N
HC=C—C—I
g F
7-8
O
A -
7-9
CH,
II
¢
c1|{2 N *
CH—I
I %
CH,
o
I
CH,
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[0165] In Formulae 7-1 to 7-10,
[0166] R andR'may eachindependently be selected from a

hydrogen atom and an alkyl group;

[0167] Armay be selected from an aryl group and a hetero-
cyclic group; and

[0168] anaryl group and a heterocyclic group, each substi-
tuted with at least one selected from a halogen atom, a cyano
group, an alkyl group, an aryl group, an amino group, an
alkoxy group, a carbazolyl group, a fluorenyl group, a het-
erocyclic group, and a silyl group; and

[0169] * indicates a binding site to a neighboring atom.
[0170] Forexample, Formulae 7-1 to 7-10 represent a phe-
nyl group or a bipheny! group, each substituted with a cross-
linking group. —C(R)—CH, in Formula 7-1 represents a
“cross-linking group” used herein.

[0171] Insome embodiments, in Formulae 3 and 4, at least
one of Ry, and R;, may be a group represented by one of
Formulae 8-1 to 8-10, and at least one of groups R, may be
a group represented by one of Formulae 8-1 to 8-7, 8-9, and
8-10, but they are not limited thereto:

8-1

HZC—C

G

F,C=C
83
(]
P
8-4
O
< > CJ
8-5
O
C
< > |
R
8-6

ot (O
¢}
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[0172] In Formulae 8-1 to 8-10,
[0173] R andR'may each independently be selected from a
hydrogen atom and an alkyl group;

[0174] Aris selected from an aryl group and a heterocyclic
group; and
[0175] anaryl group and a heterocyclic group, each substi-

tuted with at least one selected from a halogen atom, a cyano
group, an alkyl group, an aryl group, an amino group, an
alkoxy group, a carbazolyl group, a fluorenyl group, a het-
erocyclic group, and a silyl group; and

[0176] * indicates a binding site to a neighboring atom.
[0177] Insomeembodiments, in Formulae 3 and 4, at least
one of R, and R;, and at least one of R, (s) may be a group
represented by Formula 8-3, but they are not limited thereto.
[0178] InFormulae 3 and 4, when a cross-linking group is
introduced as a substituent, the cross-linking group may be
introduced directly, or through a different divalent linking
group (for example, —O—, —C(=0)—, —CH,—, aC, to
C,, alkylene group, such as —CH,CH,—, or arylene group,
such as a phenylene group).

[0179] b41 in Formula 4 indicates the number of groups
R,,, and b41 may be selected from 1, 2, and 3. When b41is 2
or more, a plurality of groups R,; may be identical to or
different from each other.

[0180] For example, b41 in Formula 4 may be 2, but is not
limited thereto.
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[0181] Q,,, Q,5, Q,s, and Q¢ in Formulae 1 and 3 may
each independently selected from an aryl group and a hetero-
cyclic group; and

[0182] anaryl group and a heterocyclic group, each substi-
tuted with at least one selected from a halogen atom, a cyano
group, an alkyl group, an aryl group, an amino group, an
alkoxy group, a carbazolyl group, a fluorenyl group, a het-
erocyclic group, and a silyl group.

[0183] Forexample, Q,, Q,;, Q;5, and Q,, in Formulae 1
and 3 may each independently be selected from an aryl group;
and

[0184] an aryl group, substituted with at least one selected
from an aryl group, a carbazolyl group, a fluorenyl group, and
a heterocyclic group, but they are not limited thereto.

[0185] In some embodiments, Q,,, Q,5, Q,5, and Q, in
Formulae 1 and 3 may each be independently be selected
from a phenyl group and a biphenyl group; and

[0186] a phenyl group and a bipheny! group, each substi-
tuted with at least one selected from an aryl group, a carba-
zolyl group, a fluorenyl group, and a heterocyclic group, but
they are not limited thereto.

[0187] Q;,and Q,, in Formulae 1 and 3 may each indepen-
dently be selected from an arylene group and a divalent het-
erocyclic group; and an arylene group and a divalent hetero-
cyclic group, each substituted with at least one selected from
ahalogen atom, a cyano group, an alkyl group, an aryl group,
an amino group, an alkoxy group, a carbazolyl group, a fluo-
renyl group, a heterocyclic group, and a silyl group.

[0188] Forexample, Q,, and Q,,in Formulae 1 and 3 may
each independently be selected from an arylene group; and

[0189] an arylene group, substituted with at least one
selected from an aryl group, a carbazolyl group, a fluorenyl
group, and a heterocyclic group, but is not limited thereto.

[0190] In some embodiments, Q,, and Q,, in Formulae 1
and 3 may each independently selected from a 1,2-phenylene
group, a 1,3-phenylene group, and a 1,4-phenylene group, but
they are not limited thereto.

[0191] InFormula 1, from among binding sites of Q, ,, one
binding site may be used to bind to a nitrogen atom, and
another binding site may be used to bind to R, ,, Ry 4, R}, or
Ry,

[0192] InFormula3,allbinding sites of Q,, may be used to
bind to a neighboring nitrogen atom.

[0193] For example, when Structural Unit (2) is repre-
sented by Formula 3, the Structural Unit (2) may be a struc-
tural unit represented by one of Formulae 3-1 to 3-4, butisnot
limited thereto:

_ _ 3-1
——CHZ—TH——
(]|331)m31
N
AN X
K )]
7 7 |
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[0194] In Formulae 3-1 to 3-4,
[0195] B;, and m31 are the same as defined in connection

with Formula 3;

[0196] K, is selected from a hydrogen atom, a cross-linking
group, a halogen atom, a cyano group. an alkyl group, an aryl
group, an amino group, an alkoxy group, a carbazolyl group,
a fluorenyl group, a heterocyclic group, and a silyl group.

[0197] For example, when Structural Unit (2) is repre-
sented by Formula 4, the Structural Unit (2) may be a struc-
tural unit represented by one of Formulae 4-1 and 4-2, but is
not limited thereto:

- 41
—cm,—cH

BaDma1

9
»

g

/ N\
,\/y
Ka

12
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[0198] In Formulae 4-1 and 4-2
[0199] B,, andm41 arethe same as described in connection
with Formula 4;
[0200] K, isselected from a hydrogen atom, a cross-linking

group, a halogen atom, a cyano group, an alkyl group, an aryl
group, an amino group, an alkoxy group, a carbazolyl group,
a fluorenyl group, a heterocyclic group, and a silyl group.
[0201] For example, when Structural Unit (1) is repre-
sented by Formula 1, the Structural Unit (1) may be selected
from Structures A101 to A121, but is not limited thereto:

Al01
— CH,—CH
N.
A102
— CH,—CH —]
a
T
a
X
N
P P
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[0202] In some embodiments, Structural Unit (1) repre-
sented by Formula 1 may be selected from Structures A101,
A108, A109, and A119 to A121, but is not limited thereto.

[0203] Forexample, Structural Unit (1) represented by For-
mula 2 may be selected from Structures A201 to A212, but is
not limited thereto:

A201

CH,—CH———

A202

16
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[0204] In some embodiments, when Structural Unit (1) is
represented by Formula 2, the Structural Unit (1) may be
selected from Structures A201 and A202, but is not limited
thereto.

[0205] Forexample, Structural Unit (2) represented by one
of Formulae 3 and 4 may be selected from Structures B101 to
B118, but is not limited thereto: B101
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-continued -continued
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[0206] In Structures B101 to B118,

[0207] R"is an alkyl group; and

[0208] K, isselected fromahydrogenatom, a cross-linking
group, a halogen atom, a cyano group. an alkyl group, an aryl
group, an amino group, an alkoxy group, a carbazolyl group,
a fluorenyl group, a heterocyclic group, and a silyl group.
[0209] In some embodiments, Structural Unit (2) repre-
sented by one of Formulae 3 and 4 may be selected from
structures B101, B102, B106, B110, B111, and B115, but is
not limited thereto.

[0210] The structure of the charge-transporting material is
not limited. For example, the charge-transporting material
may be one of a random copolymer, an alternating copolymer,
a periodic copolymer, and a block copolymer, but is not
limited thereto.

[0211] In some embodiments, the charge-transporting
material may include

[0212] Structural Unit (1) represented by Formula 1; and
[0213] Structural Unit (2) represented by one of Formulae
3 and 4.

[0214] In these embodiments, the structure and electron
state of a tripheny! amine unit included in Structural Unit (1)
may be similar to the structure and electron state of a triphenyl
amine unit included in Structural Unit (2). Structural unit (1)
and Structural Unit (2) all have excellent charge transport
performance, and have a small energy barrier therebetween.
— Accordingly, charges may be readily transported between

B117

Structural Unit (1) and Structural Unit (2). Thus, such a
charge-transporting material may have excellent charge
transport performance, and an organic light-emitting device
including the charge-transporting material has a low driving
voltage and high current efficiency.

[0215] In these embodiments, the charge-transporting
material has excellent charge resistance. Accordingly, when
the charge-transporting material is used as a hole-transport-
ing material, damages caused by electrons may be reduced,
leading to an improvement in the lifespan of an organic light-
emitting device. Thus, an organic light-emitting device
including the charge-transporting material has excellent

durability.
. [0216] In some embodiments, a molar ratio of Structural
— Unit (1) to Structural Unit (2) may be in a range of about 99:1

to about 80:20, but is not limited thereto.
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[0217] In some embodiments, a molar ratio of Structural
Unit (1) to Structural Unit (2) may be in a range of about 95:5
to about 85:15, but is not limited thereto.

[0218] Insomeembodiments, the sum of amounts of Struc-
tural Unit (1) and Structural Unit (2) may be 100%. While not
wishing to be bound by theory, it is understood that a charge-
transporting material having these molar ratios may retain a
sufficient resistance (insolubility) to a solvent during cross-
linking. Accordingly, even when one layer is formed on
another layer including the charge-transporting material, the
other layer including the charge-transporting material may
not be completely, or may be barely, dissolved in a solvent.
[0219] In some embodiments, the charge-transporting
material may include

[0220] Structural Unit (1) represented by Formula 2; and
[0221] Structural Unit (2) represented by Formula 3.
[0222] In these embodiments, Structural Unit (2) has the

same structure as Structural Unit (1), except that a cross-
linking group is not included. In this charge-transporting
material, a triphenyl amine unit included in Structural Unit
(1) may be very similar to a triphenyl amine unit included in
Structural Unit (2) in terms of structure and/electron state.
Structural Unit (1) and Structural Unit (2) all have excellent
charge transport performance, and have a small energy barrier
therebetween. Accordingly, charges may be readily trans-
ported between Structural Unit (1) and Structural Unit (2).
Thus, such a charge-transporting material may have excellent
charge transport performance, and an organic light-emitting
device including the charge-transporting material has a low
driving voltage and high current efficiency.

[0223] In some embodiments, a molar ratio of Structural
Unit (1) to Structural Unit (2) may be in a range of about 99:1
to about 50:50, but is not limited thereto.

[0224] In some embodiments, a molar ratio of Structural
Unit (1) to Structural Unit (2) may be in a range of about 95:5
to about 70:30, but is not limited thereto.

[0225] Insomeembodiments, the sum of amounts of Struc-
tural Unit (1) and Structural Unit (2) may be 100%. While not
wishing to be bound by theory, it is understood that charge-
transporting material having these molar ratios may retain a
sufficient resistance (insolubility) to a solvent during cross-
linking. Accordingly, even when one layer is formed on
another layer including the charge-transporting material, the
other layer including the charge-transporting material may
not be completely, or may be barely, dissolved in the solvent.
[0226] A weight average molecular weight (Mw) of the
charge-transporting material is not limited, and may be in a
range of about 5,000 Daltons (Da) to about 500,000 Da. For
example, a weight average molecular weight of the charge-
transporting material may be in a range of about 10,000 Da to
about 200,000 Da, but is not limited thereto. While not wish-
ing to be bound by theory, it is understood that within these
ranges, the viscosity of a coating material for forming the
layer including the charge-transporting material (for
example, a hole injection layer and/or a hole transport layer)
may be appropriately controlled and the formed layer may
have a uniform thickness. A method of measuring the weight
average molecular weight (Mw) is not limited, and the weight
average molecular weight (Mw) may be measured and calcu-
lated by using known methods. For the weight average
molecular weight (Mw) used herein, the values obtained in
the following examples were used.

[0227] A charge-transporting material including Structural
Unit (1) represented by one of Formulae 1 and 2; and Struc-
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tural Unit (2) represented by one of Formulae 3 and 4 may be
prepared by co-polymerizing Monomer (1) represented by
one of Formulae 1' and 2' and Monomer (2) represented by
one of Formulae 3' and 4', but is not limited thereto:

Formula 1’
H—X;—H
|
A
R, (| 10a11 Rig
N
Rp2 Ry7
Ry3 Ri5 Ry Rys
Ry Rio
Formula 2’
H—X,—H
[
A1)
Ray (I 221 Rog
N
Ry Ry
Ros Ros Ry Rog
Ry Roo
Formula 3’
H—Y;—H
|
B3
N
RN
R3 R,
Formula 4'
H—Y,—H
(Ban)ma
L Z41,\:'
(Rappar .
[0228] In Formulae 1',2',3", and 4/,
[0229] X, X,), Yays Yai, Ayys Ay, By, By, nll, 021,

m31l, mé4l, 7,,, R, toR,, R, to Ry,, R, and b4l are the
same as described in connection with Formulae 1 to 4.
[0230] Monomers used to prepare the charge-transporting
material are synthesized by using known synthetic methods,
and structures thereof are identifiable by NMR and LC-MS.
[0231] A polymerization method for the charge-transport-
ing material is not limited, and for example, may be selected
from known polymerization methods including a radical
polymerization, an anionic polymerization, and a cationic
polymerization. In some embodiments, the polymerization
method for the charge-transporting material may be a radical
polymerization, but is not limited thereto.

[0232] A solvent used in the polymerization method for the
charge-transporting material may be, for example, selected
from toluene, xylene, diethyl ether, chloroform, ethyl acetate,
dichloromethane, tetrahydrofuran, acetone, acetonitrile,
N,N-dimethylformamide, dimethylsulfoxide, anisole, and
hexamethyl triamide phosphate. In some embodiments, the
solvent may be selected from toluene and tetrahydrofuran.
These solvents may be used alone or in combination. Mono-
mers used for polymerizing to prepare a charge-transporting
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material according to an embodiment may have high solubil-
ity with respect to the solvent.

[0233] A concentration of a monomer in the solvent (in the
embodiment including a plurality of monomers, a total of
monomers) may be in a range of 5 to 90 percent by weight (wt
%) based on the entire reaction solution. For example, a
concentration of a monomer in the solvent may be in a range
of 10 to 80 wt %, but is not limited thereto.

[0234] A polymerization temperature may be controlled in
a range of 40 to 100° C. in consideration of a molecular
amount, but is not limited thereto.

[0235] A polymerization reaction may be performed for 30
minutes to 24 hours, but is not limited thereto.

[0236] When the monomer is added to the solvent, the
resultant solvent may be subjected to deaeration before a
polymerization initiator is added. For example, the deaeration
may be performed by freeze deaeration, using inert gas, such
as nitrogen gas, but is not limited thereto.

[0237] The polymerization initiator may be any known
material, and may be, for example, selected from benzophe-
none, benzoyl peroxide, acetyl peroxide, lauroyl peroxide,
and azobisisobutyronitrile, but is not limited thereto. An
amount of the polymerization initiator added herein may be in
arange of, for example, 0.0001 moles (mol) to 1 mol based on
1 mol of all monomers used in preparing the charge-trans-
porting material, but is not limited thereto.

[0238] A main chain terminal of the charge-transporting
material may be appropriately defined according to a material
used, and may be, for example, a hydrogen atom, but is not
limited thereto.

[0239] A synthetic method for the charge-transporting
material may be easily understood by one of ordinary skill in
the art by referring to Synthesis Examples.

[0240] Organic Light-Emitting Device

[0241] The charge-transporting material may be used in an
organic light-emitting device. Accordingly, an aspect of
embodiments provides an organic light-emitting device
including;

[0242] afirst electrode;
[0243] asecond electrode; and
[0244] anorganic layer disposed between the first electrode

and the second electrode,

[0245] wherein the organic layer includes the charge-trans-
porting material. To produce an organic light-emitting device
having a long lifespan and high efficiency, the charge-trans-
porting material may be included in a hole injection layer
and/or a hole transport layer.

[0246] The charge-transporting material may be appropri-
ate for use in an organic light-emitting device that is manu-
factured by using a wet process.

[0247] FIG. 1 illustrates a cross-sectional view of an
organic light-emitting device 100 according to an embodi-
ment.

[0248] The organic light-emitting device 100 of FIG. 1 has
a structure of first electrode 120/hole injection layer 130/hole
transport layer 140/emission layer 150/electron transport
layer 160/electron injection layer 170/second electrode 180.
However, the structure of the organic light-emitting device is
not limited thereto. In some embodiments, the organic light-
emitting device 100 may have a structure of first electrode/
single layer having hole injection capability and hole trans-
port capability/emission layer/electron transport layer/
second electrode or a structure of first electrode/single layer
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having hole injection capability and hole transport capability/
emission layer/electron transport layer/electron injection
layer/second electrode.

[0249] The organic light-emitting device 100 may be a
top-emission type organic light-emitting device or a bottom-
emission type organic light-emitting device.

[0250] Hereinafter, the organic light-emitting device 100
according to the present embodiment will be described by
referring to FIG. 1.

[0251] Theorganic light-emitting device 100 may include a
substrate 110, a first electrode 120 disposed on the substrate
110, a hole injection layer 130 disposed on the first electrode
120, a hole transport layer 140 disposed on the hole injection
layer 130, an emission layer 150 disposed on the hole trans-
port layer 140, an electron transport layer 160 disposed on the
emission layer 150, an electron injection layer 170 disposed
on the electron transport layer 160, and a second electrode
180 disposed on the electron injection layer 170.

[0252] The substrate 110 may be any substrate that is used
in an organic light-emitting device. For example, the sub-
strate 110 may be a glass substrate, a semiconductor sub-
strate, or a transparent plastic substrate.

[0253] The first electrode 120 may be, for example, an
anode, and may be formed on the substrate 110 by, for
example, deposition or sputtering. For example, the first elec-
trode 120 may be formed as a transmissible electrode includ-
ing a metal, alloy, or conductive compound, each having a
high work function. The first electrode 120 may be formed by
using, for example, a material that is transparent and highly
conductive, and such a material may be indium tin oxide
(ITO), indium zine oxide (IZO), tin oxide (SnO,), or zinc
oxide (ZnO). The first electrode 120 may be formed as a
reflective electrode including magnesium (Mg), aluminum
(Al), or the like.

[0254] Theholeinjection layer 130 is a layer that facilitates
injection of holes from the first electrode 120, and may be
formed on the first electrode 120 by, for example, vacuum
deposition, spin coating, or ink jetting. A charge-transporting
material according to an embodiment has high solubility to an
organic solvent, and accordingly, may be used when a hole
injection layer is formed by using a wet process, for example,
spin coating, casting, printing, or Langmuir-Blodgett (LB).
When these methods are used, the solvent is not limited as
long as the solvent dissolves a material for forming a hole
injection layer.

[0255] Theholeinjection layer 130 may have, for example,
a thickness (dry thickness) of about 10 nanometers (nm) to
about 500 nm, or a thickness of about 10nm to about 100 nm.
[0256] To form the hole injection layer 130, any known
material may be used instead of the charge-transporting mate-
rials described above. For example, N,N'-diphenyl-N,N'-bis-
[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl4,4'-diamine
(DNTPD), a phthalocyanine compound, such as a copper
phthalocyanine, 4,4'4"-tris(3-methyl phenyl phenyl amino)
triphenyl amine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), 4.4'4"-tris{N,N-diphenylamino
group }triphenyl amine (TDATA), 4,4',4"-tris(N,N-2-naphth-
ylphenylamino)triphenyl amine (2-TNATA), polyaniline/
dodecylbenzenesulfonic acid (PANI/DBSA), poly(3,4-ethyl-
enedioxythiophene/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphor sulfonic acid (PANI/CSA), or polya-
niline/poly(4-styrenesulfonate) (PANI/PSS) may be used.
[0257] When the charge-transporting material is used in a
wet process, an amount of the charge-transporting material
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may be in a range 0f 0.1 to 20 wt %, for example 0.1 to 10 wt
%, based on a total of a coating material.

[0258] When the charge transport material is used in a hole
injection layer, an amount of the charge transport material
may be in arange of 50 to 100 wt % (dry weight), for example,
80 to 100 wt % (dry weight), based on the entire hole injection
layer.

[0259] The hole transport layer 140 is a layer including a
hole-transporting material that transports holes, and may be
formed on the hole injection layer 130 by vacuum deposition,
spin coating, or ink jetting. The charge-transporting material
according to an embodiment may have high solubility to an
organic solvent, and accordingly, may be used when the hole
transport layer is formed by using a wet process, for example,
spin coating, casting, printing, or LB. When these methods
are used, the solvent is not limited as long as the solvent
dissolves a material for forming a hole transport layer.
[0260] Theholetransportlayer 140 may have, for example,
a thickness (dry thickness) of about 5 nm to about 500 nm, or
a thickness (dry thickness) of about 10 nm to about 100 nm.
To form the hole transport layer 140, any known material may
be used instead of the charge-transporting materials
described above. For example, a carbazole derivative, such as
N-phenylcarbazole, polyvinylcarbazole, N,N'-bis(3-meth-
ylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4,4',4"-tris(N-carbazolyl)triphenylamine (TCTA), or
N N'-bis(naphthalen-2-y1)-N,N'-bis(phenyl)-benzidine
(NPB) may be used.

[0261] When the charge-transporting material is used in a
hole injection layer, an amount of the charge-transporting
material may be in a range of 50 to 100 wt % (dry weight), for
example, 80 to 100 wt % (dry weight), based on the entire hole
injection layer.

[0262] The emission layer 150 may be a layer that emits
phosphorescent light or fluorescent light, and may be formed
on the hole transport layer 140 by vacuum deposition, spin
coating, or ink jetting. The emission layer 150 may include a
host material and a dopant material, and optionally, the
charge-transporting material described above. A charge-
transporting material according to an embodiment has high
solubility in an organic solvent, and accordingly, the charge-
transporting material may be used in forming an emission
layer when the emission layer is formed by using a wet
process, for example, spin coating, casting, printing, or LB.
When these methods are used, the solvent is not limited as
long as the solvent dissolves a material for forming an emis-
sion layer.

[0263] The emission layer 150 may have, for example, a
thickness (dry thickness) of about 10 nm to about 100 nm, or
a thickness (dry thickness) of about 20 nm to about 60 nm.
[0264] Insome embodiments, the emission layer 150 may
instead include other host materials, including 1,3-bis(carba-
zole)benzene (mCP), tris(8-quinolinolate)aluminum (Alg,),
4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinylcarba-
zole) (PVK), 9,10-di(naphthalene-2-yl)anthracene (ADN),
TCTA, 1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene
(TPBI), 3-tert-butyl1-9,10-di(naphth-2-yl)anthracene
(TBADN), distyrylarylene (DSA), 4.4'-bis(9-carbazole)-2,
2'-dimethylbiphenyl (dmCBP), and 2.4,6-tris(dipheny-
lamino)-1,3,5-triazine.

[0265] The emission layer 150 may be formed as an emis-
sion layer that emits a particular color of light. For example,
the emission layer 150 may be formed as a red emission layer,
a green emission layer, or a blue emission layer.
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[0266] When the emission layer 150 is a blue emission
layer, any known blue dopant material may be used. For
example, a perilene and a derivative thereof, or an iridium (Ir)
complex, such as bis[2-(4,6-difluorophenyl)pyridinate]pi-
colinate iridium (11T) (Flrpic), may be used.

[0267] When the emission layer 150 is a red emission layer,
any known red dopant material may be used. For example,
rubrene and a derivative thereof, 4-(dicyanomethylene)-2-
methyl-6-[p-(dimethylamino)styryl]-4H-pyran (DCM) and a
derivative thereof, an iridium complex, such as Ir(pig),(acac)
(bis(1-phenylisoquinoline)(acetylacetonate)iridium (II1)), an
osmium (Os) complex, or a platinum complex may be used.
[0268] When the emission layer 150 is a green emission
layer, any known green dopant material may be used. For
example, coumarin, a derivative thereof, an iridium complex,
such as tris(2-phenylpyridine)iridium (IIT) (Ir(ppy),), tris(2-
(3-p-xylyl)phenyl)pyridine iridium (III) (TEG), or tris(acety-
lacetonato)iridium (ITI) (Ir(acac),), or the like may be used.

[0269] When the charge-transporting material is used in an
emission layer, an amount of the charge-transporting material
may be in a range of 10 to 100 wt % (dry weight), for example
50 to 100 wt % (dry weight) based on the entire emission
layer.

[0270] The electron transport layer 160 may be a layer
including an electron transport material that transports elec-
trons. The electron transport layer 160 may be formed on the
emission layer 150 by vacuum deposition, spin coating, ink
jetting, or the like.

[0271] The electron transport layer 160 may have, for
example, a thickness of about 10 nm to about 100 nm, or a
thickness of about 15 nm to about 70 nm.

[0272] The electron transport layer 160 may be formed by
using any known electron transport material, for example, a
Li complex, such as lithium quinolate (LiQ), a quinoline
derivative, such as tris(8-quinolinato)aluminum (Alg,), 1,2,
4-triazole derivative (TAZ), bis(2-methyl-8-quinolinato)-(p-
phenylphenolate)-aluminum (BAlq), or beryllium bis(benzo-
quinoline 10-olate) (BeBq,). These materials for forming an
electron transport layer may be commercially available prod-
ucts or synthetic products. Examples of such commercially
available products are KLET-01, KLET-02, KLET-03,
KLET-10, and KLET-M1 (products of Chemipro Kasei Com-
pany). These materials for forming an electron transport layer
may be used alone or in combination of two of these.

[0273] When the charge-transporting material is used in an
electron transport layer, an amount of the charge-transporting
material may be in a range of 50 to 100 wt % (dry weight), or,
for example, 90 to 100 wt % (dry weight), based on the entire
electron transport layer.

[0274] Theelectron injection layer 170 is a layer that facili-
tates injection of electrons from the second electrode 180, and
may be formed on the electron transport layer 160 by, for
example, vacuum deposition.

[0275] The electron injection layer 170 may have, for
example, a thickness of about 0.1 nm to about 10 nm, or a
thickness of about 0.3 nm to about 9 nm.

[0276] The electron injection layer 170 may be formed by
using a known electron injection material, and may be formed
by using, for example, lithium fluoride (LiF), sodium chloride
(NaCl), cesium sulfide (CsF), lithium oxide (Li,0), barium
oxide (BaO), or the like.

[0277] When the charge-transporting material is used as an
electron injection layer, an amount of the charge-transporting
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material may be in a range of 50 to 100 wt % (dry weight), or,
for example, 90 to 100 wt % (dry weight).

[0278] The second electrode 180 may be, for example, a
cathode, and may be formed on the electron injection layer
170 by depositing or sputtering. For example, the second
electrode 180 may be formed as a reflective electrode includ-
ing a metal, alloy, or conductive compound, each having a
small work function. The second electrode 180 may include,
for example, lithium (Li), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), or magnesium-silver (Mg—Ag). The second
electrode 180 may be formed as a transmissible electrode
including indium tin oxide (ITO), or indium zinc oxide (IZO).
[0279] Hereinbefore, an example of the organic light-emit-
ting device 100 has been described. However, the structure of
the organic light-emitting device 100 according to an embodi-
ment is not limited to the embodiments described above. The
organic light-emitting device 100 may have various other
known structures for an organic light-emitting device. For
example, the organic light-emitting device 100 may have at
most one layer selected from the hole injection layer 130, the
hole transport layer 140, the electron transport layer 160, and
the electron injection layer 170. Layers constituting the
organic light-emitting device 100 may each have a single- or
multiple-layered structure.

[0280] Theorganic light-emitting device 100 may include a
hole blocking layer disposed between the hole transport layer
140 and the emission layer 150 to prevent diffusion of triplet
excitons or holes into the electron transport layer 160. The
hole blocking layer may be formed by using, for example, an
oxadiazole derivative, a triazole derivative, or a phenanthro-
line derivative.

[0281] Hereinafter, a charge-transporting material accord-
ing to embodiments and an organic light-emitting device
according to embodiments will be described by referring to
Synthesis Examples and Examples. However, embodiments
are not limited to the following Synthesis Examples and
Examples.

EXAMPLE

[0282] Analysis was carried out based on the method
described in Synthesis Examples.

[0283] (1) Measurement of Number Average Molecular
Weight, Weight Average Molecular Weight, and Dispersity

[0284] A number average molecular weight (Mn), a weight
average molecular weight (Mw), and a dispersity (Mw/Mn)
were measured using permeation chromatography (GPC)
using polystyrene as a reference sample under the following
condition.

[0285] Analysis Equipment: LC-20AD (available from
Shimadzu)
[0286] Column: Polymer PLgel MIXED-B (available from

Polymer Laboratories, Inc.)

[0287] Column temperature: 40° C.

[0288] Flow rate: 1.0 mL/minutes

[0289] Injection amount: 20 pl,

[0290] Solvent: tetrahydrofuran (THF) (at concentration of

about 0.05 weight %)

[0291] Detector: UV-VIS detector (available from Shi-
madzu, Product name: SPD-10AV)

[0292] Reference sample: polystyrene
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Synthesis Example 1-1

Synthesis of Monomer A109

[0293]

HZN @

Pd,(dba);, DPPF, ‘BuONa
toluene

ot

e,
Br
0 OO
Pdy(dba)s, P(‘Bu);BFa,
Q ‘BuONa xylene
poel
N
[0294] To a four-neck flask under an argon atmosphere,

10.0 grams (g) of 9-(4-biphenyl)3-bromocarbazole, 2.46 g of
aniline, 0.690 g of tris(dibenzylideneacetone)dipalladium,
1.66 g of 1,1'-bis(diphenylphosphino)ferrocene, 4.82 g of
sodium tert-butoxide, and 100 milliliters (mL) of toluene
were added, and the reaction mixture was heated at a tem-
perature of 110° C. for 3 hours. The mixture was cooled to
room temperature (25° C.), and filtered by using a celite filter
to filter out insoluble materials. The solvent in the filtrate was
distilled under reduced pressure, and the residue was purified
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using column chromatography to obtain 5.84 g of 9-(4-biphe-
nyl)-N-phenyl-9H-carbazole-3-amine.

[0295] To a four-neck flask under an argon atmosphere,
5.80 g of 9-(4-biphenyl)-N-phenyl-9H-carbazole-3-amine,
3.61 g of 4-bromo-4'-vinyl biphenyl, 0.648 g of tris(diben-
zylideneacetone)dipalladium, 0.430 g of tri-tert-butylphos-
phonium tetrafluoroborate, 2.96 g of sodium tert-butoxide,
and 100 mL of xylene were added, and the reaction mixture
was heated at a temperature of 140° C. for 3 hours. The
mixture was cooled to room temperature (25° C.), and filtered
by using a celite filter to filter out insoluble materials. The
solvent in the filtrate was distilled under reduced pressure,
and the residue was purified using column chromatography
and recrystallization to obtain 0.855 g of Monomer A109.

Synthesis Example 1-2

Synthesis of Monomer B107
[0296]

CsHy7 CgHyy

Aug. 4,2016

Synthesis Example 1-3

Synthesis of Comparative Monomer C1

[0298]

HZNOOMe

Pd,(dba)z, DPPF, NaO'Bu
toluene

Br

Pd,(dba)g, P(Bu);BE,, K>CO; aq
DME

[0297]
1.00 g of 9-(bicyclo[4.2.0]octa-1(6),2,4-triene-3-y1)-9-(bicy-
clo[4.2.0]octa-1,3,5-triene-3-yl)-2-bromo-9H-fluorene, 1.21
g of 2-(9,9-dioctyl-7vinyl-9H-fluorene-2-yl)-4.4,5,5-tetram-

To a four-neck flask under an argon atmosphere,

ethyl-1,3,2-dioxaborolane, 0.129 g of tri-tert-butylphospho-
nium tetrafluoroborate, 0.10 g of tris(dibenzylideneacetone)
dipalladium, 0.63 g of potassium carbonate, 9 mL of 1,2-
dimethoxyethane (DME), and 4 mL. of water were added, and
the reaction mixture was heated at a temperature of 85° C. for
5 hours. The mixture was cooled to room temperature (25°
C.), and filtered by using a celite filter to filter out insoluble
materials. The solvent in the filtrate was distilled under
reduced pressure, and the residue was purified using column
chromatography and recrystallization to obtain 1.20 g of
Monomer B107.

-continued

QO O

Pdy(dba)s, P{'Bu)3BF,,
NaO’Bu toluene

X

N

OMe
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[0299] To a four-neck flask under an argon atmosphere,
5.01 g of N-4-bromophenyl-N,N-bisphenylamine, 2.16 g of
4-methoxyaniline, 0.572 g of tris(dibenzylideneacetone)di-
palladium, 1.384 g of 1,1'-bis(diphenylphosphino)ferrocene,
2.97 g of sodium tert-butoxide, and 78 mL of toluene were
added, and the reaction mixture was heated at a temperature
of 110° C. for 6 hours. The mixture was cooled to room
temperature (25° C.), and filtered by using a celite filter to
filter out insoluble materials. The solvent in the filtrate was
distilled under reduced pressure, and the residue was purified
using column chromatography to obtain 4.57 g of N-(4-meth-
oxyphenyl)-N',N'-diphenyl-benzene-1,4-diamine.

[0300] To a four-neck flask under an argon atmosphere,
1.11 g of N-(4-methoxyphenyl)-N',N'-diphenyl-benzene-1,
4-diamine, 0.663 g of 4-bromostyrene, 0.138 g of tris(diben-
zylideneacetone)dipalladium, 0.176 g of tetrabutylphosphine
ferrocene, 0.588 g of sodium tert-butoxide, and 15 mL of
toluene were added, and the reaction mixture was heated at a
temperature of 110° C. for 6 hours. The mixture was cooled to
room temperature (25° C.), and filtered by using a celite filter
to filter out insoluble materials. The solvent in the filtrate was
distilled under reduced pressure, and the residue was purified
using column chromatography to obtain 0.604 g of Compara-
tive Monomer C1.

Synthesis Example 1-4

Synthesis of Monomer B102

[0301]

Pd,(dba)s, Pl’Buz) NaOBu

toluene

@ NBb

2opvaik

Pdy(PPhy);, K;CO,
H,0, DME

2GR 0=
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[0302] To a four-neck flask under an argon atmosphere,
2.79 g of aniline, 11.5 g of 3-bromo-bicyclo[4,2,0]octa-1(6),
2,4-triene, 0.549 g of tris(dibenzylideneacetone)dipalladium,
0.696 g of tri-tert-butylphosphonium tetrafluoroborate, 8.55
g of sodium tert-butoxide, and 150 mL of toluene were added,
and the reaction mixture was heated at a temperature of 110°
C. for 2 hours. The mixture was cooled to room temperature
(25° C.), and filtered by using a celite filter to filter out
insoluble materials. The solvent in the filtrate was distilled
under reduced pressure, and the residue was purified using
column chromatography to obtain 9.16 g of N-(bicyclo[4.2.
0Jocta-1,3,5-triene-3-y1)-N-phenyl-bicyclo[4.2.0]octa-1(6).
2,4-triene-3-amine.

[0303] To a four-neck flask under an argon atmosphere,
6.12 g of N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-phenyl-
bicyclo[4.2.0]octa-1(6),2,4-triene-3-amine and 41.2 mL of
dimethylformamide (DMF) were added, and the flask was
cooled with ice water. 3.67 g of N-bromosuccinimide dis-
solved in 20.6 mL. of DMF was added by drops thereto, and
the reaction mixture was stirred for 2 hours. 150 mL of
toluene was added thereto, and the resultant was washed with
water and dried by using magnesium sulfate. The solvent in
the filtrate was distilled under reduced pressure, and the resi-
due was purified using column chromatography to obtain
7.08 g of N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-(4-bro-
mophenyl)bicyclo[4.2.0]octa-1(6),2,4-triene-3-amine.

[0304] To a four-neck flask under an argon atmosphere,
6.45 g of N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-(4-bro-
mophenyl)bicyclo[4.2.0]octa-1(6),2,4-triene-3-amine, 3.03
g of 4-vinylphenyl boronic acid, 040 g of tetrakis(triph-
enylphosphine)palladium, 7.73 g of potassium carbonate, 68
mL of DME, and 17 mL of water were added, and the reaction
mixture was heated at a temperature of about 85° C. for 5
hours. The mixture was cooled to room temperature (25° C.),
and filtered by using a celite filter to filter out insoluble
materials. The solvent in the filtrate was distilled under
reduced pressure, and the residue was purified using column
chromatography and recrystallization to obtain 3.67 g of
Monomer B102.
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Synthesis Example 1-5

Synthesis of Monomer A119

[0305]

sz(dba)g
P('Bu);BF,
K5CO4
B(OH), DME
O Br
O )
0] O
NaOH
DMF
F

sz(dba
DPPF
BuONa
toluene

O

\© Pd,(dba);
P(‘Bu);BF4
‘BuONa
toluene

O
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-continued
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[0306] To a four-neck flask under an argon atmosphere,
5.00 g of dibenzofuran-4-boronic acid, 6.28 g of 1-fluoro-4-
iodobenzene, 0.82 g of tri-tert-butylphosphonium tetrafluo-
roborate, 0.65 g of tris(dibenzylideneacetone)dipalladium,
6.52 g of potassium carbonate, 94 mL, of DME, and 24 mL of
water were added, and the reaction mixture was heated at a
temperature of about 85° C. for 5 hours. The mixture was
cooled to room temperature (25° C.), and filtered by using a
celite filter to filter out insoluble materials. The solvent in the
filtrate was distilled under reduced pressure, and the residue
was purified using column chromatography and recrystalli-
zation to obtain 6.08 g of 4-(4-fluorophenyl)dibenzofuran.

[0307] To a four-neck flask under an argon atmosphere,
5.24 g of4-(4-fluorophenyl)dibenzofuran, 4.90 g of 3-bromo-
9H-carbazole, 1.00 g of sodium hydroxide, and 86 mL of
N,N-dimethylformamide were added, and the reaction mix-
ture was heated at a temperature of 140° C. for 50 hours. The
mixture was cooled to room temperature (25° C.), and filtered
by using a celite filter to filter out insoluble materials. The
solvent 1n the filtrate was distilled under reduced pressure,
and the residue was purified using column chromatography to
obtain 6.10 g of 3-bromo-9-(4-(dibenzofuran-4-yl)phenyl)-
9H-carbazole.

[0308] To a four-neck flask under an argon atmosphere,
6.10 g of 3-bromo-9-(4-(dibenzofuran-4-yl)phenyl)-9H-car-
bazole, 1.40 g of aniline, 0.57 g of tris(dibenzylideneacetone)
dipalladium, 1.39 g of 1,1'-bis(diphenylphosphino)ferrocene,
2.40 g of sodium tert-butoxide, and 63 mL of toluene were
added, and the reaction mixture was heated at a temperature
of 110° C. for 3 hours. The mixture was cooled to room
temperature (25° C.), and filtered by using a celite filter to
filter out insoluble materials. The solvent in the filtrate was
distilled under reduced pressure, and the residue was purified
using column chromatography to obtain 3.27 g of 9-(4-
(dibenzofuran-4-yl)phenyl)-N-phenyl-9H-carbazole-3-
amine.

[0309] To a four-neck flask under an argon atmosphere,
3.25 g of 9-(4-(dibenzofuran-4-yl)phenyl)-N-phenyl-9H-a
carbazole-3-amine, 1.85 g of 4-bromo-4'-vinylbiphenyl, 0.30
g oftris(dibenzylideneacetone)dipalladium, 0.19 g of tri-tert-
butylphosphonium tetrafluoroborate, 1.25 g of sodium tert-
butoxide, and 33 mL of toluene were added, and the reaction
mixture was heated at a temperature of 120° C. for 3 hours.
The mixture was cooled to room temperature (25° C.), and
filtered by using a celite filter to filter out insoluble materials.
The solvent in the filtrate was distilled under reduced pres-
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sure, and the residue was purified using column chromatog-
raphy and recrystallization to obtain 2.21 g of Monomer
Al19.

Synthesis Example 1-6
Synthesis of Monomer A120
[0310]
(Boe),0
—_—
N THF
H
Pd,(dba);
o P(Bu);BF4
‘BuONa
toluene
-
CHCL
O
i

sz(dba)g

P(‘Bu);BF4
‘BuONa
toluene

‘1
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[0311] To a four-neck flask under an argon atmosphere,

20.3 gof3-bromo-9H-carbazole, 24.8 g of di-tert-butyl dicar-
bonate, 0.80 g of N,N-dimethyl-4-aminopyridine, 300 mL of
THF were added, and the reaction mixture was stirred for 1
hour at room temperature. The solvent in the filtrate was
distilled under reduced pressure, and the residue was purified
using column chromatography to obtain 28.9 g of tert-butyl-
3-bromo-9H-carbazole-9-carboxylate.

[0312] To a four-neck flask under an argon atmosphere,
9.00 g of tert-butyl-3-bromo-9H-carbazole-9-carboxylate,
9.18 g of N-phenyl-(1,1"-biphenyl)-4-amine, 0.29 g of tris
(dibenzylideneacetone)dipalladium, 0.75 g of tri-tert-bu-
tylphosphonium tetrafluoroborate, 2.87 g of sodium tert-bu-
toxide, and 240 mL of toluene were added, and the reaction
mixture was heated at a temperature of 110° C. for 3 hours.
The mixture was cooled to room temperature (25° C.), and
filtered by using a celite filter to filter out insoluble materials.
The solvent in the filtrate was distilled under reduced pres-
sure, and the residue was purified using column chromatog-
raphy to obtain 9.29 g of tert-butyl-3-([1,1'-phenyl]-4-yl-
(phenyl)amino)-9H-carbazole-9-carboxylate (9.29 g).

[0313] To a four-neck flask under an argon atmosphere,
9.00 g of tert-butyl-3-([1,1'-phenyl]-4-yl-(phenyl)amino)-
9H-carbazole-9-carboxylate, 10 mL of hydrochloric acid,
and 100 mL of 1,4-dioxane were added, and the reaction
mixture was heated under reflux for 6 hours. The mixture was
cooled to room temperature (25° C.), the solvent was distilled
under reduced pressure, and the residue was purified using
column chromatography to obtain 6.51 g of N-(1,1'-biphe-
nyl]-4-y1)-N-phenyl-9H-carbazole-3-amine.

[0314] To a four-neck flask under an argon atmosphere,
5.00 g of N-(1,1'-biphenyl]-4-y1)-N-phenyl-9H-carbazole-3-
amine, 3.47 g of 4-bromo-4'-vinylphenyl, 0.56 g of tris
(dibenzylideneacetone)dipalladium, 0.71 g of tri-tert-bu-
tylphosphonium tetrafluoroborate, 4.68 g of sodium tert-
butoxide, and 50 mL of toluene were added, and the reaction
mixture was heated at a temperature of 120° C. for 3 hours.
The mixture was cooled to room temperature (25° C.), and
filtered by using a celite filter to filter out insoluble materials.
The solvent in the filtrate was distilled under reduced pres-
sure, and the residue was purified using column chromatog-
raphy and recrystallization to obtain 2.59 g of Monomer
A120.
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Synthesis Example 1-7 _continued
Synthesis of Monomer A121
[0315] 1%0_;?.
+P.

Cely7 CgHyy

Cul, DACyHzx, ‘BuONa
1 Br 1,4-dioxane
CsHy7
CsHy7

SatRage )

n BulLi, DMF
T [0316] To a four-neck flask under an argon atmosphere,
4.00 g of N-(1,1'-biphenyl]-4-y1)-N-phenyl-9H-carbazole-3-
O amine, 6.96 g of 2-bromo-7-i0dine-9,9-dioctyl-9H-fluorene,
' Csfli7 0.19 g of iodized copper, 0.22 g of trans-1,2-cyclohexanedi-
CsH)7 amine, 1.87 g of sodium tert-butoxide, and 35 mL of 1,4-

dioxane were added, and the react on mixture was heated ata
temperature of 85° C. for 5 hours. The mixture was cooled to
room temperature (25° C.), and filtered by using a celite filter
Br to filter out insoluble materials. The solvent in the filtrate was
distilled under reduced pressure, and the residue was purified
using column chromatography to obtain 7.82 g of N-(1,1'-
biphenyl]-4-y1)-9-(7-bromo-9.9-dioctyl-9H-fluorene-2-y1)-
N-phenyl-9H-carbazole-3-amine.

N [0317] To a four-neck flask under an argon atmosphere,
7.82 g of N-(1,1'-biphenyl]-4-y1)-9-(7-bromo-9,9-dioctyl-
O Q 9H-fluorene-2-y1)-N-phenyl-9H-carbazole-3-amine and 45
mL of THF were added, and the reaction mixture was cooled
to a temperature of —45° C. 0.63 g of n-butyllithium was
N

added thereto and stirred at that temperature for 2 hours. 3.43
mL of N,N-dimethylformamide was added thereto and the
reaction mixture was stirred for an additional 1 hour. The
temperature was raised to room temperature (25° C.), and
CeHy5 water was added thereto to complete the reaction. Toluene
. was added thereto, and the organic layer was extracted there-
Cstlys from. The solvent was distilled under reduced pressure, and
the residue was purified using column chromatography to
obtain 5.90 g of 7-(3-(1,1'-biphenyl]-4-yl(phenyl)amino)-
9H-carbazole-9-y1)-9,9-dioctyl-9H-fluorene-2-carbalde-
hyde.
/ [0318] To a four-neck flask under an argon atmosphere,
3.21 g of methyltriphenylphosphonium iodide and 46 mL of
THF were added, and the reaction mixture was stirred at a
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temperature of =2° C. maintained by using anice bath. 0.72 g
of sodium tert-butoxide was added thereto, and the reaction
mixture was stirred at a temperature of -2° C. for additional
30 minutes. 440 g of 7-(3-(1,1'-biphenyl]-4-yl(phenyl)
amino)-9H-carbazole-9-y1)-9,9-dioctyl-9H-fluorene-2-car-
baldehyde dissolved in 46 mL of separate THF was added by
drops thereto over 1 hour. The temperature was raised to room
temperature (25° C.), and the reaction mixture was filtered by
using a celite filter to filter out insoluble materials. The sol-
vent in the filtrate was distilled under reduced pressure, and
the residue was purified using column chromatography and
recrystallization to obtain 1.80 g of Monomer A121.

Synthesis Example 2-1

Synthesis of Monomer B102

Pd,(dba)s, P('Bu)z, NaO'Bu
toluene

[0319]

&) NBS

N AN DMF
o
Br
\_QB@H.Z

Pd(PPh3)4 K;CO,

N H,0, DME
X
N
X
@n

@ indicates text missing or illegible when filed
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[0320] To a four-neck flask under an argon atmosphere,
2.79 g of aniline, 11.5 g of 3-bromo-bicyclo[4,2,0]octa-1(6),
2,4-triene, 0.549 g of tris(dibenzylideneacetone)dipalladium,
0.696 g of tri-tert-butylphosphonium tetrafluoroborate, 8.55
g of sodium tert-butoxide, and 150 mL of toluene were added,
and the reaction mixture was heated at a temperature of 110°
C. for 2 hours. The mixture was cooled to room temperature
(25° C.), and filtered by using a celite filter to filter out
insoluble materials. The solvent in the filtrate was distilled
under reduced pressure, and the residue was purified using
column chromatography to obtain 9.16 g of N-(bicyclo[4.2.
0OJocta-1,3,5-triene-3-yl)-N-phenyl-bicyclo[4.2.0Jocta-1(6),
2,4-triene-3-amine.

[0321] To a four-neck flask under an argon atmosphere,
6.12 g of N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-phenyl-
bicyclo[4.2.0]octa-1(6),2,4-triene-3-amine and 41.2 mL of
DMEF were added, and the reaction mixture was cooled with
ice water. 3.67 g of N-bromosuccinimide dissolved in 20.6
mL of DMF was added by drops thereto, and the reaction
mixture was stirred for 2 hours. 150 mL of toluene was added
thereto. An organic layer was washed with water and dried
using magnesium sulfate. The solvent in the filtrate was dis-
tilled under reduced pressure, and the residue was purified
using column chromatography to obtain 7.08 g of N-(bicyclo
[4.2.0]octa-1,3,5-triene-3-y1)-N-(4-bromophenyl )bicyclo[4
2.0]octa-1(6),2,4-triene-3-amine.

[0322] To a four-neck flask under an argon atmosphere,
6.45 g of N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-(4-bro-
mophenyl)bicyclo[4.2.0]octa-1(6),2,4-triene-3-amine, 3.03
g of 4-vinylphenyl boronic acid, 0.40 g of tetrakis(triph-
enylphosphine)palladium, 7.73 g of potassium carbonate, 68
mL of DME, and 17 mL of water were added, and the reaction
mixture was heated at a temperature of about 85° C. for 5
hours. The mixture was cooled to room temperature (25° C.),
and filtered by using a celite filter to filter out insoluble
materials. The solvent in the filtrate was distilled under
reduced pressure, and the residue was purified using column
chromatography and recrystallization to obtain 3.67 g of
Monomer B102.

Svnthesis Example 2-2

Synthesis of Monomer B101

Pd,(dba);, DPPF, NaO'Bu
toluene

\
| [I Cul, DACyHx, NaO'Bu

# 1.4-dioxane

[0323]

ZT




US 2016/0225998 A1

-continued

\—Q— B(OH),

Pdy(PPh3)4, K3CO,
H,0, DME

Br

Sae=

N

g
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[0324] To a four-neck flask under an argon atmosphere,
2.79 g of aniline, 5.49 g of 3-bromo-bicyclo[4,2,0]octa-1(6),
2,4-triene, 0.549 g of tris(dibenzylideneacetone)dipalladium,
0.665 g of 1,1'-bis(diphenylphosphino)ferrocene, 5.77 g of
sodium tert-butoxide, and 150 mL of toluene were added, and
the reaction mixture was heated at a temperature of 110° C.
for 6 hours. The mixture was cooled to room temperature (25°
C.), and filtered by using a celite filter to filter out insoluble
materials. The solvent in the filtrate was distilled under
reduced pressure, and the residue was purified using column
chromatography to obtain 5.46 g of N-(bicyclo[4.2.0]octa-1,
3,5-triene-3-y1)-N-phenylamine.

[0325] To a four-neck flask under an argon atmosphere,
3.97 g of N-(bicyclo[4.2.0]octa-1,3,5-triene-3-yl)-N-pheny-
lamine, 6.31 g of 4-bromoiodobenzene, 0.149 g of iodized
copper, 0.49 mL of cyclohexanediamine, 3.90 g of sodium
tert-butoxide, and 40 mL of 1,4-dioxane were added, and the
reaction mixture was allowed to stir for 14 hours. Filtration
was carried out by using a celite filter to filter out insoluble
materials. The solvent in the filtrate was distilled under
reduced pressure, and the residue was purified using column
chromatography to obtain 5.50 g of N-4-bromophenyl-N-
(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-phenylamine.

[0326] To a four-neck flask under an argon atmosphere,
543 g of N-4-bromophenyl-N-(bicyclo[4.2.0]octa-1,3,5-
triene-3-yl)-N-phenylamine, 2.75 g of 4-vinylphenylbor-
onate, 0.36 g of tetrakis(triphenylphosphine)palladium, 4.28
g of potassium carbonate, 62 mL of DME, and 15.5 mL of
water were added, and the reaction mixture was heated at a
temperature of 85° C. for 5 hours. The mixture was cooled to
room temperature (25° C.), and filtered by using a celite filter
to filter out insoluble materials. The solvent in the filtrate was

31
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distilled under reduced pressure, and residue was purified
using column chromatography and recrystallization to obtain
2.87 g of Monomer B101.

Synthesis Example 2-3

Synthesis of Monomer A201

[0327]
Br
Pd(PPhy)a, K>CO;3 "
N H,0, DME
j\
| X
:i
| X
F
N
OR®
F F
[0328] To a four-neck flask under an argon atmosphere,

45.40 g of N-4-bromophenyl-N,N-diphenylamine, 24.80 g of
4-vinyl phenylboronate, 3.23 g of tetrakis(triphenylphos-
phine)palladium, 38.70 g of potassium carbonate, 560 mL of
DME, and 15.5 mL of water were added, and the reaction
mixture was heated at a temperature of85° C. for 5hours. The
mixture was cooled to room temperature (25° C.), and filtered
by using a celite filter to filter out insoluble materials. The
solvent 1n the filtrate was distilled under reduced pressure,
and the residue was purified using column chromatography
and recrystallization to obtain 8.40 g of Monomer A201.

Example 1

Synthesis of Hole-Transporting Material (1-1)

[0329] Based on the following method, Monomer A109
synthesized in Synthesis Example 1-1 and Monomer B107
synthesized in Synthesis Example 1-2 were used to synthe-
size Hole-transporting material (1-1) represented by the fol-
lowing formulae:
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H
_(CHz_C)_
x

[0330] 795 mg of Monomer A109, 118 mg of Monomer
B107, 4.5 mg of azobisisobutyronitrile, and 9 mL of toluene
were added to a Schlenk tube, and subjected to freeze deaera-
tion. The reaction mixture was subsequently stirred under
heating at a temperature of 60° C. for 6 hours. After cooling to
room temperature, reprecipitation was performed 5 times
using THF as a good solvent and an excess amount of metha-
nol as a bad solvent. The material thus obtained was dried
under vacuum to obtain 500 mg of a copolymer of Monomer
A109 and Monomer B107 (having a molar ratio of a structural
unit derived from Monomer A109:a structural unit derived
from Monomer B107=90:10). The copolymer thus obtained
is hereby referred to as Hole-transporting material (1-1). The
weight average molecular weight (Mw) of Hole-transporting
material (1-1) was measured to be 29,000 Daltons.

Example 2

Synthesis of Hole-Transporting Material (1-2)

[0331] Based on the following method, Monomer A119
synthesized in Synthesis Example 1-5 and Monomer B107
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synthesized in Synthesis Example 1-2 were used to synthe-
size Hole-transporting material (1-2) represented by the fol-
lowing formulae:

[0332] 828 mg of Monomer A119, 106 mg of Monomer
B107, 4.1 mg of azobisisobutyronitrile, and 9 mL of toluene
were added to a Schlenk tube, and subjected to freeze deaera-
tion. The reaction mixture was subsequently stirred under
heating at a temperature of 60° C. for 6 hours. After cooling to
room temperature, reprecipitation was performed 5 times
using THF as a good solvent and an excess amount of metha-
nol as a bad solvent. The material thus obtained was dried
under vacuum to obtain 500 mg of a copolymer of Monomer
A119 and Monomer B107 (having amolar ratio of a structural
unit derived from Monomer A119:a structural unit derived
from Monomer B107=90:10). The copolymer thus obtained
is hereby referred to as Hole-transporting material (1-2). The



US 2016/0225998 A1

weight average molecular weight (Mw) of Hole-transporting
material (1-2) was measured to be 30,000 Daltons.

Example 3

Synthesis of Hole-Transporting Material (1-3)

[0333] Based on the following method, Monomer A120
synthesized in Synthesis Example 1-6 and Monomer B107
synthesized in Synthesis Example 1-2 were used to synthe-
size Hole-transporting material (1-3) represented by the fol-
lowing formulae:

[0334] 795 mg of Monomer A120, 118 mg of Monomer
B107, 4.5 mg of azobisisobutyronitrile, and 9 mL of toluene
were added to a Schlenk tube, and subjected to freeze deaera-
tion. The reaction mixture was stirred under heating at a
temperature of 60° C. for 6 hours. After cooling to room
temperature, reprecipitation was performed 5 times using
THF as a good solvent and an excess amount of methanol as
a bad solvent. The material thus obtained was dried under
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vacuum to obtain 500 mg of a copolymer of Monomer A120
and Monomer B107 (having a molar ratio of a structural unit
derived from Monomer A120:a structural unit derived from
Monomer B107=90:10). The copolymer thus obtained is
hereby referred to as Hole-transporting material (1-3). The
weight average molecular weight (Mw) of Hole-transporting
material (1-3) was measured to be 28,900 Daltons.

Example 4

Synthesis of Hole-Transporting Material (1-4)

[0335] Based on the following method, Monomer A121
synthesized in Synthesis Example 1-7 and Monomer B107
synthesized in Synthesis Example 1-2 were used to synthe-
size Hole-transporting material (1-4) represented by the fol-
lowing formulae:

CsHy7

CgHy7

[0336] 811 mg of Monomer A121, 78.5 mg of Monomer
B107,3.0 mg of azobisisobutyronitrile, and 2.5 mL of toluene
were added to a Schlenk tube, and the reaction mixture was
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subjected to freeze deaeration. The reaction mixture was
stirred under heating at a temperature of 60° C. for 6 hours.
After cooling to room temperature, reprecipitation was per-
formed 5 times using THF as a good solvent and an excess
amount of methanol as a bad solvent. The material thus
obtained was dried under vacuum to obtain 500 mg of a
copolymer of Monomer A121 and Monomer B107 (having a
molar ratio of a structural unit derived from Monomer A121:a
structural unit derived from Monomer B107=90:10). The
copolymer thus obtained is hereby referred to as Hole-trans-
porting material (1-4). The weight average molecular weight
(Mw) of Hole-transporting material (1-4) was measured to be
67,900 Daltons.

Example 5

Synthesis of Hole-Transporting Material (2-1)

[0337] Based on the following method, Monomer B102
synthesized in Synthesis Example 2-1 and Monomer A201
synthesized in Synthesis Example 2-3 were used to synthe-
size Hole-transporting material (2-1) represented by the fol-
lowing formulae:

~

[0338] 204 mgof Monomer B102, 1.6 gof Monomer A201,
10.2 mg of azobisisobutyronitrile, and 10 mL of toluene were
added to a Schlenk tube, and the reaction mixture was sub-
jected to freeze deaeration. The reaction mixture was stirred
under heating at a temperature of 60° C. for 6 hours. After
cooling to room temperature, reprecipitation was performed 5
times using THF as a good solvent and an excess amount of
methanol as a bad solvent. The material thus obtained was
dried under vacuum to obtain 1.26 g of Hole-transporting
material (2-1) in copolymer of Monomer B102 and Monomer
A201 (having a molar ratio of a structural unit derived from
Monomer B102:a structural unit derived from Monomer
A201=10:90). The number average molecular weight (Mn)
and weight average molecular weight (Mw) of Hole-trans-
porting material (2-1) were, respectively, 21,000 Daltons and
43,000 Daltons, and Mw/Mn was 2.1.

x

Pu

s

Qﬂ—i

Example 6

Synthesis of Hole-Transporting Material (2-2)

[0339] Based on the following method, Monomer B101
synthesized in Synthesis Example 2-2 and Monomer A201
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synthesized in Synthesis Example 2-3 were used to synthe-
size Hole-transporting material (2-2) represented by the fol-
lowing formulae:

x

g

A

[0340] 74.7 mg of Monomer B101, 0.625 g of Monomer
A201, 4.0 mg of azobisisobutyronitrile, and 4 mL of toluene
were added to a Schlenk tube, and the reaction mixture was
subjected to freeze deaeration. The reaction mixture was
stirred under heat at a temperature of 60° C. for 6 hours. After
cooling to room temperature, reprecipitation was performed 5
times using THF as a good solvent and an excess amount of
methanol as a bad solvent. The material thus obtained was
dried under vacuum to obtain 0.75 g of Hole-transporting
material (2-2) in copolymer of Monomer B101 and Monomer
A201 (having a molar ratio of a structural unit derived from
Monomer B101l:a structural unit derived from Monomer
A201=10:90). The number average molecular weight (Mn)
and weight average molecular weight (Mw) of Hole-trans-
porting material (2-2) were, respectively, 25,000 Daltons and
52,000 Daltons, and Mw/Mn was 2.1.

Comparative Example 1

Synthesis of Comparative Hole-Transporting
Material (1-1)

[0341] Based on the following method, Comparative
Monomer C1 synthesized in Synthesis Example 1-3 and
Monomer B102 synthesized in Synthesis Example 1-4 were
used to synthesize Comparative Hole-transporting material
(1-1) represented by the following formulae:

N 0CIH,
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-continued

n

aPR
[0342] 160 mg of Comparative Monomer C1, 1.69 g of
Monomer B102, 8.0 mg of azobisisobutyronitrile, and 8 mL
of toluene were added to a Schlenk tube, and the reaction
mixture was subjected to freeze deaeration. The reaction mix-
ture was stirred under heating for 6 hours. After cooling to
room temperature, reprecipitation was performed 5 times
using THF as a good solvent and an excess amount of metha-
nol as a bad solvent. The material thus obtained was dried
under vacuum to obtain 1.80 g ofa copolymer of Comparative
Monomer C1 and Monomer B102 (having a molar ratio of a
structural unit derived from Comparative Monomer Cl:a
structural unit derived from Monomer B102=90:10). The
copolymer thus obtained is hereby referred to as Hole Com-
parative Transport Material (1-1). The weight average
molecular weight (Mw) of Comparative Hole-transporting
material (1-1) was measured to be 25,000 Daltons.

Device Example 1

Manufacture of Organic Light-Emitting Device (1-1)

[0343] Based on the following method, an organic light-
emitting device represented by FIG. 1 was manufactured.
[0344] Poly(3,4-ethylenedioxythiophene/poly(4-styrene-
sulfonate) (PEDOT/PSS) (available from Sigma-Aldrich)
was spin-coated on an ITO glass substrate having a stripe-
type ITO (thickness of 150 nanometers (nm)) thereon to form
aholeinjection layer havinga thickness of 30 nm after drying.
[0345] Then, Hole-transporting material (1-1) (1 percent
by weight (weight %), in a xylene solution) was spin-coated
on the hole injection layer under a nitrogen atmosphere and
heat-treated on a hot plate of 230° C. for 1 hour to form a hole
transport layer having a thickness of about 30 nm.

[0346] Next, a host, which is a mixture of 1,3-bis(N-carba-
zolyl)benzene (hereinafter, referred to as “mCP”) and 4,4'-
bis(carbazole-9-yl)biphenyl (hereinafter, referred to as
“CBP”) at a weight ratio of and a dopant, which is tris(2-(3-
p-xylyl)phenyl)pyridine iridium (I1I) (hereinafter, referred to
as “TEG”), were co-deposited in a vacuum deposition appa-
ratus to form an emission layer having a thickness of 30 nm
(the amount of the dopant is 10 weight %, based on the
amount of the host).

[0347] Thereafter, the substrate having the emission layer
thereon was mounted on a vacuum deposition apparatus, and
Liqand KLET-03 were co-deposited on the emission layer to
form an electron transport layer having a thickness of 50 nm.
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[0348] An electron injection material (LiF) was deposited
on the electron transport layer to form an electron injection
layer having a thickness of 1 nm.

[0349] Subsequently. aluminum was deposited on the elec-
tron injection layer to form a cathode having a thickness of
100 nm, thereby completing the manufacture of an organic
light-emitting device (1-1).

Device Example 2

Manufacture of Organic Light-Emitting Device (1-2)

[0350] An organic light-emitting device (1-2) was manu-
factured in the same manner as in Device Example 1, except
that Hole-transporting material (1-2) synthesized in Example
2 was used instead of Hole-transporting material (1-1) in the
formation of a hole transport layer.

Device Example 3

Manufacture of Organic Light-Emitting Device (1-3)

[0351] An organic light-emitting device (1-3) was manu-
factured in the same manner as in Device Example 1, except
that Hole-transporting material (1-3) synthesized in Example
3 was used instead of Hole-transporting material (1-1) in the
formation of a hole transport layer.

Device Example 4

Manufacture of Organic Light-Emitting Device (1-4)

[0352] An organic light-emitting device (1-4) was manu-
factured in the same manner as in Device Example 1, except
that Hole-transporting material (1-4) synthesized in Example
4 was used instead of Hole-transporting material (1-1) in the
formation of a hole transport layer.

Device Comparative Example 1

Manufacture of Comparative Organic Light-Emitting
Device (1-1)

[0353] A comparative organic light-emitting device (1-1)
was manufactured in the same manner as in Device Example
1, except that Comparative Hole-transporting material (1-1)
synthesized in Comparative Example 1 was used instead of
Hole-transporting material (1-1) in the formation of a hole
transport layer.

Evaluation Example 1

Evaluation of Organic Light-Emitting Device

[0354] Theefficiency and lifespan of organic light-emitting
devices of Device Example 1 and Device Comparative
Example 1 were evaluated, based on the following method.
The evaluation results are shown in Table 1. In Table 1, the
efficiency is a relative value, provided that the efficiency of
the organic light-emitting device manufactured in Device
Comparative Example 1 is hereby set as 100. In Table 1, the
lifespan is a relative value, provided that the lifespan of the
organic light-emitting device manufactured in Device Com-
parative Example 1 is hereby set as 100.

[0355] (1) Lifespan

[0356] When applying a voltage to an organic light-emit-
ting device using a direct current constant-voltage power
supply (for example, a source meter, available from KEY-
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ENCE Co.), at a certain voltage, a current starts flowing,
causing the organic light-emitting device to emit light. The
emission was detected by using a spectral luminance meter
(for example, SR-3 available from Topcon Co.). The applied
current to the organic light-emitting device was gradually
increased, and as the luminance reached 1,000 candelas per
square meter (cd/m?), the applied current was set to be con-
stant and then maintained. The luminance value measured by
the spectral luminance meter fluctuated, and thus, the time
required for the initial luminance of the organic light-emitting
device to reduce by 80% was used as the device lifespan.
[0357] (2) Efficiency

[0358] When applying a voltage to an organic light-emit-
ting device using a direct current constant-voltage power
supply (for example, a source meter, available from KEY-
ENCE Co.), at a certain voltage, a current starts flowing,
causing the organic light-emitting device to emit light. The
emission was detected by using a spectral luminance meter
(for example, SR-3 available from Topcon Co.). The applied
current to the organic light-emitting device was gradually
increased, and as the luminance reached 1,000 cd/m?, the
applied voltage was set to be constant. The voltage and cur-
rent values were recorded. The voltage value indicates a driv-
ing voltage. Accordingly, the current density and luminance
of the organic light-emitting device were obtained, and the
current efficiency were calculated using the current density
and luminance.

TABLE 1
Efficiency Lifespan
(relative value) (relative value)
Device Example 1 124 1600
Device Example 2 130 3700
Device Example 3 122 8000
Device Example 4 133 10000
Device Comparative Example 1 100 100
[0359] Referring to the result of Table 1, it was found that

the organic light-emitting devices manufactured in Device
Examples 1 to 4 had excellent lifespan, as compared with the
organic light-emitting device manufactured in Device Com-
parative Example 1. This may result from that the hole-trans-
porting materials according to an embodiment used in the
hole transport layer may have high charge resistance.

Device Example 5

Manufacture of Organic Light-Emitting Device (1-5)

[0360] Based on the following method, an organic light-
emitting device represented by FIG. 1 was manufactured.
[0361] Poly(3,4-ethylenedioxythiophene/poly(4-styrene-
sulfonate) (PEDOT/PSS) (available from Sigma-Aldrich)
was spin-coated on an ITO glass substrate having a stripe-
type ITO (thickness of 150 nanometers (nm)) thereon to form
aholeinjection layer having a thickness of 30 nm after drying.
[0362] Then, Hole-transporting material (1-2) (1 weight %,
in a xylene solution) was spin-coated on the hole injection
layer under a nitrogen atmosphere and heat-treated on a hot
plate of 230° C. for 1 hour to form a hole transport layer
having a thickness of about 30 nm.

[0363] A THF solution (1 weight % solution) including
mCP, CBP, and TEG at a weight ratio of 7:3:1 was prepared,
and the THF solution was spin-coated on the hole transport
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layer, followed by heating at a temperature of 100° C. for 30
minutes, to form an emission layer having a thickness of 30
nm (thickness after drying).

[0364] Thereafter, the substrate having the emission layer
thereon was mounted on a vacuum deposition apparatus. Liq
and KLET-03 were co-deposited on the emission layer to
form an electron transport layer having a thickness of 50 nm.
[0365] An electron injection material (LiF) was deposited
on the electron transport layer to form an electron injection
layer having a thickness of 1 nm.

[0366] Subsequently. aluminum was deposited on the elec-
tron injection layer to form a cathode having a thickness of
100 nm, thereby completing the manufacture of an organic
light-emitting device (1-5).

Device Comparative Example 2

Manufacture of Comparative Organic Light-Emitting
Device (1-2)

[0367] A comparative organic light-emitting device (1-2)
was marufactured in the same manner as in Device Example
5, except that Comparative Hole-transporting material (1-1)
synthesized in Comparative Example 1 was used instead of
Hole-transporting material (1-2) in the formation of a hole
transport layer.

Evaluation Example 2

Evaluation of Organic Light-Emitting Device

[0368] Theefficiency and lifespan of organic light-emitting
devices of Device Example 5 and Device Comparative
Example 2 were evaluated, based on the method described
herein with regard to Evaluation Example 1. The evaluation
results are shown in Table 2. In Table 2, the efficiency is a
relative value, provided that the efficiency of the organic
light-emitting device manufactured in Device Comparative
Bxample 2 is hereby set as 100. In Table 2, the lifespan is a
relative value, provided that the lifespan of the organic light-
emitting device manufactured in Device Comparative
Example 2 1s hereby set as 100.

[0369] Transmission electron microscopy (TEM) images
of the organic light-emitting devices manufactured in Device
Example 5 and Device Comparative Example 2 are each
shown in FIGS. 2A and 3A, respectively. FIGS. 2Band 3B are
graphs of contrast of an image observed in FIGS. 2A and 3A
in a distance (the thickness of a layer). The point where the
contrast drastically changes in FIGS. 2B and 3B (the point
where the absolute value of the differential value of the con-
trast graph is high) may be the interface of each layer.

TABLE 2
Efficiency Lifespan Stacking

(relative value) (relative value) condition
Device 130 2300 Moderate
Example 5
Device 100 100 Poor
Comparative
Example 2

[0370] Referring to the results of Table 2, it was found that

the organic light-emitting device manufactured in Device
Example 5 had improved efficiency and lifespan, as com-
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pared with the organic light-emitting device manufactured in
Device Comparative Example 2.

[0371] Furthermore, from the results of FIGS. 2A, 2B, 3A,
and 3B, it was found that the stacking condition of the organic
light-emitting device manufactured in Device Example 5
were moderate, as compared with the organic light-emitting
device manufactured in Device Comparative Example 2. In
detail, it was found that the organic light-emitting device
manufactured in Device Comparative Example 2 (the thick-
ness of the emission layer was 20.0 nm and the thickness of
the hole transport layer was 54.7 nm) had a thicker hole
transport layer and a thinner emission layer than the organic
light-emitting device manufactured in Device Example 5 (the
thickness of the emission layer was 26.5 nm and the thickness
of the hole transport layer was 26.7 nm).

Device Example 6

Manufacture of Organic Light-Emitting Device (2-1)

[0372] An organic light-emitting device (2-1) was manu-
factured in the same manner as in Device Example 1, except
that Hole-transporting material (2-2) synthesized in Example
6 was used instead of Hole-transporting material (1-1) in the
formation of a hole transport layer.

Evaluation Example 3

Evaluation of Organic Light-Emitting Device

[0373] The driving voltage and efficiency of organic light-
emitting devices of Device Example 6 and Device Compara-
tive Example 1 were evaluated, based on the method
described herein with regard to Evaluation Example 1. The
evaluation results are shown in Table 3. In Table 3, the driving
voltage is a relative value, provided that the driving voltage of
the organic light-emitting device manufactured in Device
Comparative Example 1 is hereby set as 100. In Table 3, the
efficiency is a relative value, provided that the efficiency of
the organic light-emitting device manufactured in Device
Comparative Example 1 is hereby set as 100.

[0374] The higher the current efficiency is, the higher the
emission energy conversion efficiency with regard to current
is. In addition, from the viewpoint of generation of heat and
reducing power consumption, a small driving voltage and a
high current efficiency is desirable.

TABLE 3

Current efficiency
(relative value)

Driving voltage
(relative value)

Device Example 6 85 122

Device Comparative 100 100

Example 1

[0375] Referring to the results of Table 3, it was found that

the organic light-emitting device manufactured in Device
Example 6 had a small driving voltage and improved effi-
ciency, as compared with the organic light-emitting device
manufactured in Device Comparative Example 1. This may
result from that the hole-transporting materials according to
an embodiment used in the hole transport layer may have
improved charge transport performance.
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[0376] An organic light-emitting device including a
charge-transporting material according to an embodiment
may have a lower driving voltage, higher current efficiency,
and higher durability.

[0377] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

[0378] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the present inventive concept as
defined by the following claims.

What is claimed is:

1. A charge-transporting material comprising:

Structural Unit (1) represented by one of Formulae 1 and 2;
and

Structural Unit (2) represented by one of Formulae 3 and 4:

Formula 1
X
|
App)
Ry, (| 1al1 Rig
N
Rp Ry7
Ry3 Ris Ry Rig
L Ryy Rio ]
Formula 2
Xa1
|
Ry (/|\21,)n21 Rog
N
Ra Ry;
Ro3 Ros  Rso Rog
Ry, Ry
Formula 3
- Y3
|
(]|331,'m31
N
~
| R3) R
B _ Formula 4
T41
(Ba)mar
:’ \‘|
It Z41,.
L Ranpar |
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wherein, in Formulae 1 to 4,

X1 X515, Y5y, and Y, are each independently a linking
group comprised in a main chain of the charge-trans-
porting material;

Ay, A,y and B, are each independently selected from a
single bond; a carbazolylene group, a fluorenylene
group, an arylene group, and a divalent heterocyclic
group; and

a carbazolylene group, a fluorenylene group, an arylene
group, and a divalent heterocyclic group, each substi-
tuted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino
group, an alkoxy group, a carbazolyl group, a fluorenyl
group, a heterocyclic group, and a silyl group;

B, is selected from a single bond; a carbazolylene group,
a fluorenylene group, an arylene group, and a divalent
heterocyclic group;

a carbazolylene group, a fluorenylene group, an arylene
group, and a divalent heterocyclic group, each substi-
tuted with at least one selected from a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino
group, an alkoxy group, a carbazolyl group, a fluorenyl
group, a heterocyclic group, and a silyl group; and

an amino group represented by —N(Q,,)(Q,,)-;

nll, n21, m31, and m41 are each independently selected
from 1 and 2;

7Z,, 1s selected from a carbazolyl group, a fluorenyl group,
an aryl group, and a heterocyclic group;

R, Rys R4t R - Ry, and R, are each independently
selected from a hydrogen atom, a halogen atom, a cyano
group, an alkyl group, an aryl group, an amino group, an
alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group;

1) R;; and R, are each independently selected from a
hydrogen atom, an aryl group, a tert-butyl group, a car-
bazolyl group, a fluorenyl group, a heterocyclic group,
and an amino group represented by —N(Q,;)(Q,.)-,
provided that at least one of R | ; and R 4 is selected from
an aryl group, a tert-butyl group, a carbazolyl group, a
fluorenyl group, a heterocyclic group, and an amino
group represented by —N(Q,;)(Q,,)-, Q,, is bound to
Ris Ry4 Ry, 0r Ry to form a ring; or

i) R;; and R4 are each independently selected from a
hydrogen atom, an aryl group, a tert-butyl group, a car-
bazolyl group, a fluorenyl group, a heterocyclic group,
and an amino group represented by —N(Q,5)(Q, ), pro-
vided that at least one of R | ; and R, 4 1s selected from an
aryl group, a tert-butyl group, a carbazolyl group, a
fluorenyl group, a heterocyclic group, and an amino
group represented by —N(Q,5)(Q,4), and R, 5 and R,
are bound to each other to form a carbazole ring includ-
ing R, to Ry

R,, to R,, are each independently selected from a hydro-
gen atom, a halogen atom, a cyano group, an alkyl group,
an aryl group, an amino group, an alkoxy group, a car-
bazolyl group, and a silyl group;

R;, and R;, are each independently selected from an aryl
group; and

an aryl group, substituted with at least one selected from a
cross-linking group, a halogen atom, a cyano group, an
alkyl group, an aryl group, an amino group, an alkoxy
group, a carbazolyl group, a fluorenyl group, a hetero-
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cyclic group, and a silyl group, provided that at least one
of R, and R, is selected from an aryl group substituted
with a cross-linking group;

R, is selected from a hydrogen atom, a halogen atom, a
cyano group, an alkyl group, an aryl group, an amino
group, an alkoxy group, a carbazolyl group, a fluorenyl
group, a heterocyclic group, and a silyl group; and

an aryl group, substituted with at least one selected from
cross-linking group, a halogen atom, a cyano group, an
alkyl group, an aryl group, an amino group, an alkoxy
group, a carbazolyl group, a fluorenyl group, a hetero-
cyclic group, and a silyl group, provided that at least one
of R,, is selected from an aryl group substituted with a
cross-linking group;

b41 is selected from 1, 2, and 3;

Q.1 Qu3 Qus, and Q¢ are each independently selected
from an aryl group and a heterocyclic group; and an aryl
group and a heterocyclic group, each substituted with at
least one selected from a halogen atom, a cyano group,
an alkyl group, an aryl group, an amino group, an alkoxy
group, a carbazolyl group, a fluorenyl group, a hetero-
cyclic group, and a silyl group; and

Q,, and Q,, are each independently selected from an
arylene group and a divalent heterocyclic group; and an
arylene group and a divalent heterocyclic group, each
substituted with at least one selected from a halogen
atom, a cyano group, an alkyl group, an aryl group, an
amino group, an alkoxy group, a carbazolyl group, a
fluorenyl group, a heterocyclic group, and a silyl group.

2. The charge-transporting material of claim 1, wherein

X X5, Y, and Y, are each independently a group
represented by one of Formulae 6-1 to 6-10:

6-1
4 e CHy=—CH— %
'l
6-2
N
* CHZ—T *
*
6-3
CH;
* CH—CH—=
'l
6-4
T
* CH—T *
*
6-5
* CHZ—ClH *
1
@)
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-continued
6-6
CH;
* CH,—C—=
1
(€]
#!
6-7
* CHZ—ClH x
L
NH
#l
6-8
I
* CHZ_T *
I
NH
#l
69
* O0—CH *
#l
6-10
*—CH=—C *

®!

wherein, in Formulae 6-1 to 6-10,

* indicates a binding site to an atom comprised in the main
chain of the charge-transporting material; and

* indicates a binding site to A, |, A,;, B;;, or B,;.
3. The charge-transporting material of claim 1, wherein

(A1 1)m1> (Ag))op> and (By, ) .4, are each independently a
group represented by one of Formulae 9-1 to 9-6; and

(Bs1),,5; 1s a group represented by one of Formulae 9-1 to
9-7:

9-1

9-2
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-continued

. 9-3

) . 9-4

; 9-5

9-6

R”

9-7

wherein, in Formulae 9-1 to 9-7,

R" is an alkyl group; and

* and *' each indicate a binding site to a neighboring atom.
4. The charge-transporting material of claim 1, wherein

74, 1s a fluorenyl group.
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5. The charge-transporting material of claim 1, wherein _continued
R,,Ri2 R4 t0 R 5. Ry, and R, are each independently . 76
selected from a hydrogen atom, alkyl group, an aryl Il{ AN
group, and a heterocyclic group. H2C=C—C—:
6. The charge-transporting material of claim 1, wherein (ll
R,1, Ros, Rosto R, Rog, and Ry are each independently 7-7
selected from a hydrogen atom, an alkyl group, and an Tr Il{ N *
aryl group. HC=C—C—:
7. The charge-transporting material of claim 1, wherein I F
¢}
R, and R4 are each independently selected from a hydro- 78
gen atom, a halogen atom, a cyano group, an amino *
group, an alkoxy group, and a silyl group. | N (\D
8. The charge-transporting material of claim 1, wherein 7 \/
R;,and R, are e?ach independently selected from a phenyl 79
group and a biphenyl group; and CH,
aphenyl group and a biphenyl group, each substituted with R _g
at least one selected from a cross-linking group, a halo- |
gen atom, a cyano group, an alkyl group, an aryl group, CH, x *
an amino group, an alkoxy group, a carbazolyl group, a ClH—l
fluorenyl group, a heterocyclic group, and a silyl group, | I >
provided that atleast one of R, and R,, is selected from CH,
a phenyl group and a biphenyl group, each substituted |
with a cross-linking group. R_ﬁ
9. The charge-transporting material of claim 1, wherein CH
R,; is selected from a hydrogen atom and a phenyl group o 7-10
substituted with a cross-linking group, provided that at I :
least one of R, is selected from a phenyl group substi- R—C
tuted with a cross-linking group. CLI .
10. The charge-transporting material of claim 1, wherein | : | X ’
at least one of R5, and R, is a group represented by one of Il\ I
Formulae 7-1 to 7-10; and CH, Z
at least one of R, is a group represented by one of Formu- R— é
lae 7-1 to 7-7, 7-9 and 7-10: I
CH,
7-1
R * wherein, in Formulae 7-1 to 7-10,
| 1 ~ R and R' are each independently selected from a hydrogen
HC=C—r atom and an alkyl group;
A Ar is selected from an aryl group and a heterocyclic group;
7-2 and
1|: AN ' an aryl group and a heterocyclic group, each substituted
cm=C_| with at least one selected from a halogen atom, a cyano
| y group, an alkyl group, an aryl group, an amino group, an

alkoxy group, a carbazolyl group, a fluorenyl group, a
heterocyclic group, and a silyl group; and

(\D * indicates a binding site to a neighboring atom.

7-3

11. The charge-transporting material of claim 1, wherein
at least one of R, and R, and at least one of R, are each

74 a group represented by Formula 8-3:
* ¢}
| _TJ 83
7} ) N
0
N 0 A
i
|
7 R wherein, in Formula 8-3,

* indicates a binding site to a neighboring atom.
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12. The charge-transporting material of claim 1, wherein

the Structural Unit (2) represented by Formula 3 is a struc-
tural unit represented by one of Formulae 3-1 to 3-4;

the Structural Unit (2) is represented by Formula 4 is a
structural unit represented by one of Formulae 4-1 and
4-2:

_ _ 31
CH;—TH
(]|331)m31
N
| X X
K |
F F
_ _ 32
CH,—CH
Banus1
N
(T
/
33
_ '“HZ—$H _
(]|331)m31
N I
i N
S |
— / —
34
- CHZ—?H -
(]|331)m31
. _ 4-1
——cm,—cn
BaDmar

)\
e
e
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-continued

ol
o

42
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wherein, in Formulae 3-1 to 3-4, 4-1, and 4-2,
B;, and m31 are the same as in Formula 3;
B,, and m41 are the same as in Formula 4; and

K, is selected from a hydrogen atom, a cross-linking group,
a halogen atom, a cyano group, an alkyl group, an aryl
group, an amino group, an alkoxy group, a carbazolyl
group, a fluorenyl group, a heterocyclic group, and a
silyl group.

13. The charge-transporting material of claim 1, wherein

the Structural Unit (1) represented by Formula 1 is selected
from Structures A101 to A121;

the Structural Unit (1) represented by Formula 2 is selected
from Structures A201 to A212; and

the Structural Unit (2) represented by one of Formulae 3
and 4 is selected from Structures B101 to B118:
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wherein, in Structures B101 to B118,

R" is an alkyl group; and

K, is selected from a hydrogen atom, a cross-linking group,
a halogen atom, a cyano group, an alkyl group, an aryl
group, an amino group, an alkoxy group, a carbazolyl
group, a fluorenyl group, a heterocyclic group, and a
silyl group.

14. The charge-transporting material of claim 1, wherein

R"

Bll1e

the Structural Unit (1) is represented by Formula 1; and

the Structural Unit (2) is represented by one of Formulae 3
and 4.

15. The charge-transporting material of claim 14, wherein

amolar ratio of the Structural Unit (1) to the Structural Unit
(2) is in a range of about 99:1 to about 80:20.

16. The charge-transporting material of claim 1, wherein
the Structural Unit (1) is represented by Formula 2; and
the Structural Unit (2) is represented by Formula 3.

17. The charge-transporting material of claim 16, wherein

amolar ratio of the Structural Unit (1) to the Structural Unit
(2) is in a range of about 99:1 to about 50:50.

Bl 18. The charge-transporting material of claim 1, wherein

the charge-transporting material has a weight average
molecular weight of about 5,000 Daltons to 500,000
— Daltons.

CH,—C

19. An organic light-emitting device comprising:
a first electrode;
a second electrode; and

an organic layer disposed between the first electrode and
the second electrode,

wherein the organic layer comprises the charge-transport-
ing material of claim 1.

20. The organic light-emitting device of claim 19, wherein

the organic layer comprises at least one layer selected from
a hole injection layer and a hole transport layer; and

the at least one selected from the hole injection layer and
I&a—: . the hole transport layer comprises the charge transport-

ing material.
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