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(57) ABSTRACT

A polymer comprising at least one first repeating unit
represented by Formula 1:

Formula 1

Tr4
Ars—N Arjg— Ar—Ar, N Ar
n

wherein, in Formula 1, groups and variables are the same
as they are described in the specification.
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POLYMER, COMPOSITION INCLUDING
THE POLYMER, AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING
THE POLYMER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2016-253657, filed on Dec. 27, 2016,
Japanese Patent Application No. 2017-209849, filed on Oct.
30, 2017, in the Japanese Patent Office, and Korean Patent
Application No. 10-2017-0159693, filed on Nov. 27, 2017,
in the Korean Intellectual Property Office, and all the
benefits accruing therefrom under 35 U.S.C. § 119, the
contents of which are incorporated herein in their entireties
by reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to a polymer, a
composition including the polymer, and an organic light-
emitting device including the polymer.

2. Description of the Related Art

[0003] Organic light-emitting devices (OLEDs) are self-
emission devices, which have wide viewing angles, high
contrast ratios, short response times, display excellent char-
acteristics in terms of brightness, driving voltage, and
response speed, and produce full-color images.

[0004] In an example, an 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
disposed between the anode and the emission layer, and an
electron transport region may be disposed between the
emission layer and the cathode. Holes provided from the
anode may move toward the emission layer through the hole
transport region, and electrons provided from the cathode
may move toward the emission layer through the electron
transport region. Carriers, such as holes and electrons,
recombine in the emission layer to produce excitons. These
excitons transit from an excited state to a ground state,
thereby generating light.

[0005] Various 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

[0006] Aspects of the present disclosure provide a poly-
mer, a composition including the polymer, and an organic
light-emitting device including the polymer.

[0007] The polymer may have a high minimum excitation
triplet energy level, and the organic light-emitting device
including the polymer may have a low driving voltage, high
current efficiency, and a long lifespan.

[0008] The polymer may provide characteristics suitable
for use in solution coating.

[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 of the pre-
sented embodiments.
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[0010] An aspect of the present disclosure provides a
polymer including a first repeating unit represented by
Formula 1 and a second repeating unit represented by
Formula 2:

Formula 1
* L1z Aty (Lig)a13—*
I
(Lidan
N,
Zyy Zyg
4 N
Z\IZ \ / /217
Z”:Zm Z]E/’ZIG
Formula 2
* L22)az— ATZI_ (Lozlazz—*'
< (in)a21>
Q21021 -
Formula 9
Rg)
/
(Ls2)as2
) /
* Lonaa—N
(Lo3)as3
\
Rop.

[0011] In Formulae 1, 2, and 9,

[0012] Z,, may be selected from N and C(R,,), Z,, may
be selected from N and C(R,,), Z,; may be selected
from N and C(R,5), Z,, may be selected from N and
C(R,.), 7,5 may be selected from N and C(R,5), 7,
may be selected from N and C(R,¢), Z,; may be
selected from N and C(R,,), and Z,, may be selected
from N and C(R,y),

[0013] Ar,, and Ar,, may each independently be
selected from a substituted or unsubstituted C5-Cs,
carbocyclic group and a substituted or unsubstituted
C,-C,, heterocyclic group;

[0014] L, , toL,5, L, toL,s, and Ly, to Loy may each
independently be selected from a single bond, a sub-
stituted or unsubstituted C,-C,, alkylene group, a sub-
stituted or unsubstituted C4-C, arylene group, a sub-
stituted or unsubstituted C,-C,, heteroarylene group, a
substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsub-
stituted divalent non-aromatic condensed heteropoly-
cyclic group;

[0015] all to al3, a2l to a23, and a91 to a93 may each
independently be selected from 0, 1, 2, and 3;

[0016] R, to R,z may each independently be selected
from a group represented by Formula 9, hydrogen, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a sub-
stituted or unsubstituted C,-C,, aryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, wherein at least one of R;; to R4
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is a group represented by Formula 9, and two neigh-
boring groups selected from R, to R, are optionally
linked to form a ring,

[0017] R, and Ry, may each independently be selected
from a substituted or unsubstituted C4-C,, aryl group,
a substituted or unsubstituted C,-C;, heteroaryl group,
a substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group,

[0018] Q,, may be a crosslinking group,

[0019] 021 may be an integer greater than or equal to 1,

[0020] p21 may be an integer greater than or equal to 1,
and

[0021] * and *' each indicate a binding site to a neigh-

boring atom.
[0022] Another aspect of the present disclosure provides a
composition including the polymer described above.
[0023] Another aspect of the present disclosure provides a
light-emitting device including:

[0024] a first electrode;
[0025] a second electrode; and
[0026] an intermediate layer disposed between the first

electrode and the second electrode,

[0027] wherein the intermediate layer includes an emis-
sion layer, and

[0028] wherein the intermediate layer includes the poly-
mer described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0030] FIG. 1 is a schematic view of an organic light-
emitting device according to an embodiment;

[0031] FIG. 2 is a cross-sectional view illustrating a struc-
ture of a blue quantum dot of Example 7,

[0032] FIG. 3 is an ultraviolet (UV) absorption spectrum
of the blue quantum dot of Example 7, and

[0033] FIG. 4 is a fluorescent spectrum of the blue quan-
tum dot of Example 7.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
disclosure. 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
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0035] 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.
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[0036] 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,
component, region, layer, or section without departing from
the teachings of the present embodiments.

[0037] 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.

[0038] 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 specifi-
cation, 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
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this general inventive concept belongs. It will
be further understood that terms, such as those defined in
commonly 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.

[0040] 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.

[0041] “About” or “approximately” as used herein is
inclusive 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.

[0042] A first repeating unit represented by Formula 1, a
second repeating unit represented by Formula 2, and a third
repeating unit represented by Formula 3 are respectively
referred to as a first repeating unit, a second repeating unit,
and a third repeating unit.
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[0043] Also, the operations and physical properties have
been measured at a temperature of 20° C. to 25° C. and a
relative humidity of 40% RH to 50% RH, unless otherwise
specified.

[0044] The term “C,-C,, alkyl group” as used herein
refers to a linear or branched saturated aliphatic hydrocarbon
monovalent group having 1 to 24 carbon atoms, and
examples thereof include a methyl group, an ethyl group, a
propyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, a pentyl group, an iso-amyl group, and a hexyl
group. The term “C,-C,, alkylene group” as used herein
refers to a divalent group having the same structure as the
C,-C,, alkyl group.

[0045] The term “C,-C,, alkoxy group” as used herein
refers to a monovalent group represented by —OA,,;
(wherein A ,, is the C,-C,, alkyl group), and examples
thereof include a methoxy group, an ethoxy group, and an
isopropyloxy group.

[0046] The term “C,-C,, alkythio group” as used herein
refers to a monovalent group represented by —SA,,
(wherein S, is the C,-C,, alkyl group).

[0047] The term “C;-C,, cycloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 30 carbon atoms, and examples thereof
include a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, and a cycloheptyl group.
The term “C,-C,, cycloalkylene group” as used herein refers
to a divalent group having the same structure as the C5-C;,
cycloalkyl group.

[0048] The term “C;-C,, cycloalkenyl group” as used
herein refers to a monovalent monocyclic group that has 3
to 30 carbon atoms and at least one carbon-carbon double
bond in the ring thereof and no aromaticity, and non-limiting
examples thereof include a cyclopentenyl group, a cyclo-
hexenyl group, and a cycloheptenyl group. The term “Cs-
C,, cycloalkenylene group,” used herein, refers to a divalent
group having the same structure as the C,-C;,, cycloalkenyl
group.

[0049] The term “C,-C,, heterocycloalkenyl group” as
used herein refers to a monovalent monocyclic group that
has at least one heteroatom selected from N, O, P, Si, and S
as a ring-forming atom, 1 to 30 carbon atoms, and at least
one carbon-carbon double bond in its ring. Examples of the
C,-C,, heterocycloalkenyl group are a 2,3-dihydrofuranyl
group, and a 2,3-dihydrothiophenyl group. The term “C,-
C,, heterocycloalkenylene group,” used herein, refers to a
divalent group having the same structure as the C,-Cy,
heterocycloalkenyl group.

[0050] The term “C4-C,, arvl group” as used herein refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 30 carbon atoms that are involved in the ring
formation, and a C,-Cg, arylene group used herein refers to
a divalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms. Examples of the C4-Cs, aryl
group are a phenyl group, a naphthyl group, an anthracenyl
group, a phenanthrenyl group., a pyrenyl group, and a
chrysenyl group. When the C,-C,, aryl group and the
Cs-Cyp arylene group each include two or more rings, the
rings may be fused to each other.

[0051] The term “C4-Cs, aryloxy group” as used herein
refers to a monovalent group represented by —OA,;
(wherein A, ; 1s the C4-Cs, aryl group).
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[0052] The term “C4-C,, arylthio group” as used herein
refers to a monovalent group represented by —SA,,
(wherein A, is the C4-C;, aryl group).

[0053] The term “C,-C,, heteroaryl group” as used herein
refers to a monovalent group having a carbocyclic aromatic
system that has at least one heteroatom selected from N, O,
Si, P, and S as a ring-forming atom, in addition to 1 to 30
carbon atoms that are involved in the ring formation. The
term “C,-C;, heteroarylene group” as used herein refers to
a divalent group having a carbocyclic aromatic system that
has at least one heteroatom selected from N, O, Si, P, and S
as a ring-forming atom, in addition to 1 to 60 carbon atoms
that are involved in the ring formation. Examples of the
C,-C,, heteroaryl group include a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, and an isoquinolinyl
group. When the C,-C,, heteroaryl group and the C5-Cy,
heteroarylene group each include two or more rings, the
rings may be fused to each other.

[0054] The term “C,-C;, arylalkyl group” as used herein
refers to a monovalent group in which an alkyl group is
substituted with an aryl group and the sum of carbon atoms
of the constituting groups, i.e., the alkyl group and the aryl
group, is 7 to 30. Examples of the C,-C,, arylalkyl group
include a benzyl group, a phenylethyl group, a methylbenzyl
group, and a naphthyl methyl group.

[0055] The term “C,-C,, arylalkyloxy group” as used
herein refers to a monovalent group represented by —OA | o5
(wherein A | o5 is the C,-C5, arylalkyl group).

[0056] The term “Cg-Cs, aryl alkylthio group: as used
herein refers to a monovalent group represented by —SA | o
(wherein A |, is the C,-C5, arylalkyl group).

[0057] The term “Cg-C,, arylalkenyl group” as used
herein refers to a monovalent group in which an alkenyl
group is substituted with an aryl group and the sum of
carbon atoms of the constituting groups, i.e., the alkenyl
group and the aryl group, is 8 to 30.

[0058] The term “Cg4-C,, arylalkynyl group” as used
herein refers to a monovalent group in which an alkynyl
group is substituted with an aryl group and the sum of
carbon atoms of the constituting groups, i.e., the alkynyl
group and the aryl group, is 8 to 30.

[0059] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group (for example, having 8 to 60 carbon atoms) having
two or more rings condensed to each other, only carbon
atoms as ring-forming atoms, and no aromaticity in its entire
molecular structure. Examples of the monovalent non-aro-
matic condensed polycyclic group include a fluorenyl group.
The term “divalent non-aromatic condensed polycyclic
group” as used herein refers to a divalent group having the
same structure as the monovalent non-aromatic condensed
polycyclic group.

[0060] The term “monovalent non-aromatic condensed
heteropolycyclic group” as used herein refers to a monova-
lent group (for example, having 2 to 60 carbon atoms)
having two or more rings condensed to each other, a
heteroatom selected from N, O, P, Si, and S, other than
carbon atoms, as a ring-forming atom, and no aromaticity in
its entire molecular structure. Non-limiting examples of the
monovalent non-aromatic condensed heteropolycyclic
group include a carbazolyl group. The term “divalent non-
aromatic condensed heteropolycyclic group” as used herein
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refers to a divalent group having the same structure as the

monovalent non-aromatic condensed heteropolycyclic
group.
[0061] The term “C.-C,, carbocyclic group” as used

herein refers to a saturated or unsaturated cyclic group
having, as a ring-forming atom, 5 to 30 carbon atoms only.
[0062] The term “Cs-C,, carbocyclic group” as used
herein refers to a monocyclic group or a polycyclic group,
and, according to its chemical structure, may be a monova-
lent, divalent, trivalent, tetravalent, pentavalent, or hexava-
lent group.

[0063] The term “C,-Cs, heterocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
having, as a ring-forming atom, at least one heteroatom
selected from N, O, Si, P, and S other than 1 to 30 carbon
atoms. The term “C,-C,, heterocyclic group” as used herein
refers to a monocyclic group or a polycyclic group, and,
according to its chemical structure, may be a monovalent,
divalent, trivalent, tetravalent, pentavalent, or hexavalent
group.

[0064] At least one substituent in any of the above groups
may be selected from:

[0065] deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group,
a C,-Cg, alkynyl group, and a C,-Cg, alkoxy group;

[0066] a C,-Cq, alkyl group, a C,-Cq, alkenyl group, a
C,-Cq, alkynyl group, and a C,-Cy, alkoxy group, each
substituted with at least one selected from deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cg, aryl group, a Cg-Cy
aryloxy group, a C4-Cq, arylthio group, a C,-Cq, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic group, —Si(Q,,)(Q,,)(Q;5),
—N(Q)(Q15). and —B(Q,6)(Q17);

[0067] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C |, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a
CeCeo aryloxy group, a C4-Cy, arylthio group, a
C,-Cg heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group;

[0068] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C4-Cgy, aryl group, a
Cs-Cqo aryloxy group, a C¢-Cqy, arylthio group, a
C,-C¢, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group, each sub-
stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
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thereof, a phosphoric acid group or a salt thereof, a
C,-Cq, alkyl group, a C,-C, alkenyl group, a C,-Cq,
alkynyl group, a C,-C, alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C,-Cq, aryl group, a Cg-Cy,, aryloxy
group, a C4-Cgy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed het-
eropolyeyclic  group,  S51(Qy)(Q52)(Qa3), —N(Q,4)
(Qz5). and —B(Q,4)(Qy); and

[0069] Si(Q;,)(Q32)(Qs5), —N(Q14)(Qs5), and
—B(Q;36)(Q;,), and

[0070]  Q,; t0 Qy7, Qy 10 Qyy, and Qs to Qa7 may each
independently be selected from hydrogen, a C,-Cg,

alkyl group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl
group, a C,-C,, alkoxy group, a C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cg, heteroaryl group,
a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group.

[0071] When a group containing a specified number of
carbon atoms is substituted with any of the groups listed in
the preceding paragraphs, the number of carbon atoms in the
resulting “substituted” group is defined as the sum of the
carbon atoms contained in the original (unsubstituted) group
and the carbon atoms (if any) contained in the substituent.
For example, when the term “substituted C,-C,, alkyl”
refers to a C,-C;, alkyl group substituted with C4-C,,, aryl
group, the total number of carbon atoms in the resulting aryl
substituted alkyl group is C,-Cqo.

[0072] Hereinafter, embodiments of the present disclosure
will be described. Also, the present disclosure is not limited
to the embodiments.

[0073]

[0074] A polymer according to an embodiment will be
described in detail below.

[0075]

[0076] The polymer according to an embodiment includes
a first repeating unit represented by Formula 1 and a second
repeating unit represented by Formula 2. The polymer may
include one first repeating unit or may include two or more
first repeating units. Also, the polymer may include one
second repeating unit or may include two or more second
repeating units:

Polymer

First Repeating Unit and Second Repeating Unit

\ Formula 1
F—(L oz Ar —{Liz)az—>

(L1Dan1

Z

1 18
V. Q

Zu/ \ / N2y
ZI3=214 Zlles
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-continued
Formula 2

*—— (Lo Ary—{Lo3)s—*"

|
( (][21)4121 >
(Q21)o21 fon

[0077] In Formula 1, Z,, may be selected from N and
C(R,)), Z,, may be selected from N and C(R,), Z,; may be
selected from Nand C(R;), Z, , may be selected from N and
C(R,,), Z,s may be selected from N and C(R, ), Z, , may be
selected from N and C(R ). Z, , may be selected from N and
C(R,,), and Z, ; may be selected from N and C(R ;). R}; to
R, are the same as described below.

[0078] For example, in Formula 1,

[0079] Z,, may be C(R,,). Z,, may be C(R,,), Z,3 may
be C(R,3). Z,, may be CR ), Z,; may be C(R, ), Z
may be C(R,¢), Z,, may be C(R,,), and Z,, may be
CRy5);

[0080] Z,, may be N, Z,, may be C(R,,), Z,; may be
C(Ryz), Z14 may be C(Ryy), Z;5 may be C(R;s), Z6
may be C(R,), Z,, may be C(R,,), and Z,, may be
CR5);

[0081] Z,, may be C(R},), Z,, may be N, Z,; may be
CR,3), Z;4 may be C(R,4), Z;5 may be C(R,5), Z;6
may be C(R,;), Z,, may be C(R,,), and Z,; may be
CRyy);

[0082] 7, may be C(R,,). Z,, may be C(R,,), Z,3 may
be N, Z,, may be C(R,,), Z,5 may be C(R,5), Z, s may
be C(R4), Z,, may be C(R, ), and Z, , may be C(R, 4);

[0083] Z,; may be C(R,,). Z,, may be C(R,,), Z;5 may
be CR,3), Z,, may be N, Z, 5 may be C(R,5), Z,, may
be C(Ry4), Z,, may be C(R,,), and Z, ; may be C(R,4);

[0084] 7,, may be C(R,,), Z,, may be C(R,,), Z,; may
be C(Ry3), Z,4 may be C(R,4), Z,5 may be N, Z,; may
be C(R,5), Z,; may be C(R, ), and Z, 5 may be C(R, );

[0085] Z,, may be C(R,,), Z,, may be C(R,,), Z,; may
be C(Ry;), Z,, may be C(R, ), Z, s may be C(R5), Z,¢
may be N, Z,, may be C(R,,), and Z,, may be C(R, 5);

[0086] Z,, may be C(R,,), Z,, may be C(R,,), Z,; may
be C(Ry3), Z,, may be C(Ry4), Z,s may be C(R,5), Z,6
may be C(R), Z,; may be N, and Z . may be C(R,4);
or

[0087] Z,, maybe C(R,,), Z,, may be C(R,,), 7,5 may
be C(R,3), Z,, may be C(Ry ), Z,s may be C(R,5), Z,
may be C(R ), Z,, may be C(R,,), and Z,; may be N,
but embodiments of the present disclosure are not
limited thereto.

[0088] In an embodiment, in Formula 1, Z,; may be
C(Ryy), Z,, may be C(R,), Z,5 may be C(R,5), Z,, may be
C(Ry4), Z;5s may be C(R;5), Z, s may be C(R, ), Z,; may be
C(R,,), and Z , may be C(R ), and

[0089] R, may be a group represented by Formula 9,
but embodiments of the present disclosure are not
limited thereto:
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Formula 9
Rg;
{Lo2)a92.
*—(Lotlagr—N,
(Lo3)a03
\
Roy
[0090] In Formula 9,
[0091] L, toLg;,a91 to a93, Ry, and Ry, are the same

as described below, and

[0092] indicates a binding site to a neighboring atom.
[0093] Ar,, and Ar,, in Formulae 1 and 2 may each
independently be selected from a substituted or unsubsti-
tuted C5-C,, carboeyclic group and a substituted or unsub-
stituted C,-C,, heterocyclic group.
[0094] For example, in Formulae 1 and 2, Ar;, and Ar,,
may each independently be selected from:

[0095] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an antra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group;

[0096] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a C,-C,, alkylthio group,
—N(Q:)(Qz), —SiQ5)(Q2)(Qn3),  —COQ;)),
—0,C(Qz1); —CO,(Q5); —C(O)N(Qy,), an imine
group, an imidic acid group, a C;-C5, cycloalkyl group,
a C,-Cy, heterocycloalkyl group, a C,-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a
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Cs-Cso aryl group, a Cy4-C,, aryloxy group, a Cy-Csq
arylthio group, a C,-C;, aryl alkyl group, a C,-C,, aryl
alkoxy group, a C,-Cs, aryl alkylthio group, a C4-C;q
aryl alkenyl group, a C,-C,, aryl alkynyl group, a
C,-Cy, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group; and

[0097] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group, each substituted with at
least one selected from a C,-C,, aryl group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aro-
matic condensed heteropolycyclic group that are each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a cyano group, a nitro group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a C,-C,,
alkylthio group, —N(Q3;)(Q55), —Si(Q31)(Q32)(Qs5):
—CO(Q31), —05C(Qs1), —CO4(Qs), —C(OIN(Qs),
an imine group, an imidic acid group, a C;-Cj,
cycloalkyl group, a C,-C;, heterocycloalkyl group, a
C;-Cy4, cycloalkenyl group, a C,-C;, heterocycloalk-
enyl group, a C.-Cy, aryl group, a C4-Csyq aryloxy
group, a C4-C,, arylthio group, a C,-C;,, aryl alkyl
group, a C,-C,, aryl alkoxy group, a C,-C,, aryl
alkylthio group, a C4-C;, aryl alkenyl group, a C4-Cs,
aryl alkynyl group, a C,-C,, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycy-
clic group, and

[0098] Q,, to Q,; and Q;, to Q;; may each indepen-
dently be selected from hydrogen, a C,-C,, alkyl
group, a C,-C;, heterocycloalkyl group, a C;-C,,
cycloalkyl group, a C,-C;, aryl group, a C,-Cy, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, but embodiments of the
present disclosure are not limited thereto.

[0099] In an embodiment, in Formulae 1 and 2, Ar,, and

Ar,, may each independently be selected from:

[0100] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
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trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group;

[0101] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group,
a tert-pentyl group, a neopentyl group, a 1,2-dimeth-
ylpropyl group, an n-hexyl group, an iso-hexyl group,
a 1,3-dimethylbutyl group, a 1-isopropylpropyl group,
a 1,2-dimethylbutyl group, an n-heptyl group, a 1,4-
dimethylpentyl group, a 3-ethylpentyl group, a
2-methyl-1-isppropylpropyl group, a 1-ethyl-3-methyl-
butyl group, an n-octyl group, a 2-ethylhexyl group, a
3-methyl-1-isopropylbutyl group, a 2-methyl-1-iso-
propyl group, a 1-tert-butyl-2-methylpropyl group, an
n-nonyl group, a 3,5,5-trimethyldecyl group, an n-de-
cyl group, an iso-decyl group, an n-undecyl group, a
1-methyldecyl group, an n-dodecyl group, an n-tridecyl
group, an n-tetradecyl group, an n-pentadecyl group, an
n-hexadecyl group, an n-heptadecyl group, an n-octa-
decyl group, an n-nonadecyl group, an n-eicosyl group,
an n-heneicosyl group, an n-docosyl group, an n-trico-
syl group, an n-tetracosyl group, a methoxy group, an
ethoxy group, a propoxy group, an is0-propoxy group,
an n-butoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, an n-pentoxy group, an
iso-pentoxy group, a tert-pentoxy group, a neopentoxy
group, an n-hexyloxy group, an isohexyloxy group, a
heptyloxy group, an octyloxy group, a nonyloxy group,
a decyloxy group, an undecyloxy group, a dodecyloxy
group, a tridecyloxy group, a tetradecyloxy group, a
pentadecyloxy group, a hexadecyloxy group, a hepta-
decyloxy group, an octadecyloxy group, a 2-ethylhexy-
loxy group, a 3-ethylpentyloxy group, a benzyl group,
a phenylethyl group, a phenylpropyl group, a phenyl
group, a biphenyl group, a fluorenyl group, a naphthyl
group, an anthryl group, a phenanthrenyl group, a
naphthacenyl group, a pyrenyl group, a terphenyl
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group, a pyridyl group, a bipyridyl group, a pyrrolyl
group, a pyrazinyl group, a pyrimidinyl group, an
indolyl group, a furyl group, a benzofuranyl group, a
dibenzofuranyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxany! group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl;

[0102] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group, each substituted with at
least one selected from a phenyl group, a biphenyl
group, a fluorenyl group, a naphthyl group, an anthryl
group, a phenanthrenyl group, a naphthacenyl group, a
pyrenyl group, a terphenyl group, a pyridyl group, a
bipyridyl group, a pyrrolyl group, a pyrazinyl group, a
pyrimidinyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenazinyl group, a phenothiazinyl
group, a phenothiazinyl group, an oxazolyl group, an
oxadiazolyl group, a furazanyl group, a thienyl group,
a thiophenyl group, an iso-thiophenyl group, and a
dibenzothiophenyl group that are each substituted with
at least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group,
a tert-pentyl group, a neopentyl group, a 1,2-dimeth-
ylpropyl group, an n-hexyl group, an iso-hexyl group,
a 1,3-dimethylbutyl group, a 1-isopropylpropyl group,
a 1,2-dimethylbutyl group, an n-heptyl group, a 1,4-
dimethylpentyl group, a 3-ethylpentyl group, a
2-methyl-1-isppropylpropyl group, a 1-ethyl-3-methyl-
butyl group, an n-octyl group, a 2-ethylhexyl group, a
3-methyl-1-isopropylbutyl group, a 2-methyl-1-iso-
propyl group, a 1-tert-butyl-2-methylpropyl group, an
n-nonyl group, a 3,5,5-trimethyldecyl group, an n-de-
cyl group, an iso-decyl group, an n-undecyl group, a
1-methyldecyl group, an n-dodecyl group, an n-tridecyl
group, an n-tetradecyl group, an n-pentadecyl group, an
n-hexadecyl group, an n-heptadecyl group, an n-octa-
decyl group, an n-nonadecyl group, an n-eicosyl group,
an n-heneicosyl group, an n-dococyl group, an n-trico-
cyl group, an n-tetracocyl group, a methoxy group, an
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ethoxy group, a propoxy group, an iso-propoxy group,
an n-butoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, an n-pentoxy group, an
iso-pentoxy group, a tert-pentoxy group, a neopentoxy
group, an n-hexyloxy group, an isohexyloxy group, a
heptyloxy group, an octyloxy group, a nonyloxy group,
a decyloxy group, an undecyloxy group, a dodecyloxy
group, a tridecyloxy group, a tetradecyloxy group, a
pentadecyloxy group, a hexadecyloxy group, a hepta-
decyloxy group, an octadecyloxy group, a 2-ethylhexy-
loxy group, a 3-ethylpentyloxy group, a benzyl group,
a phenylethyl group, a phenylpropyl group, a phenyl
group, a biphenyl group, a fluorenyl group, a naphthyl
group, an anthryl group, a phenanthrenyl group, a
naphthacenyl group, a pyrenyl group, a terphenyl
group, a pyridyl group, a bipyridyl group, a pyrrolyl
group, a pyrazinyl group, a pyrimidinyl group, an
indolyl group, a furyl group, a benzofuranyl group, a
dibenzofuranyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxany! group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, but embodiments of the present disclosure are
not limited thereto.

[0103] In an embodiment, in Formulae 1 and 2, Ar,, and

Ar,, may each independently be selected from:

[0104] abenzene group, a naphthalene group, a fluorene
group, a pyrrole group, a pyridine group, a pyridazine
group, a pyrimidine group, and a carbazole group;

[0105] abenzene group, a naphthalene group, a fluorene
group, a pyrrole group, a pyridine group, a pyridazine
group, a pyrimidine group, and a carbazole group, each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a cyano group, a nitro group, a
methyl group, an ethyl group, an n-propyl group, an
1so-propyl group, a tert-butyl group, a benzyl group, a
phenylethyl group, a phenylpropyl group, a phenyl
group, a biphenyl group, a fluorenyl group, a naphthyl
group, an anthryl group, a terphenyl group, a pyridyl
group, a bipyridyl group, a pyrrolyl group, a dibenzo-
furanyl group, a carbazolyl group, and a dibenzothio-
phenyl group; and

[0106] abenzene group, a naphthalene group, a fluorene
group, a pyrrole group, a pyridine group, a pyridazine
group, a pyrimidine group, and a carbazole group, each
substituted with at least one selected from a phenyl
group, a biphenyl group, a fluorenyl group, a naphthyl
group, an anthryl group, a terphenyl group, a pyridyl
group, a bipyridyl group, a pyrrolyl group, a dibenzo-
furanyl group, a carbazolyl group, and a dibenzothio-
phenyl group that are each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, a tert-butyl group,
a benzyl group. a phenylethyl group, and a phenylpro-
pyl group, but embodiments of the present disclosure
are not limited thereto.

[0107] In an embodiment, in Formulae | and 2, Ar,, may
be selected from Formulae 4-1 to 4-11, and Ar,, may be
selected from Formulae 4-12 and 4-13, but embodiments of
the present disclosure are not limited thereto:



US 2018/0182967 A1l

z .
‘Q?
Z %

Ryg

* | \ M

N
Ry

* N gl

Y A
: Z R4y

Ry,

* | \ ki
NYN
Ry Ry

T

* N El
* Ry

/ A\
* S !

41

42

43

44

45

46

4.7

4-8

Jun. 28,2018

-continued
49
4-10
0
S AN
Rap)ear Ra2)paz
411
[\\ %
S A /\J\ "
(Ra1)pa1 Rz
4-12
Ry,
Ry3 Ry
4-13

[0108] In Formulae 4-1 to 4-11,

[0109] R,, to R,; may each independently be selected
from hydrogen, a methyl group, an ethyl group, an
n-propyl group, and an iso-propyl group,

[0110] b4l may be selected from 1, 2, and 3,

[0111] b42 may be 1 or 2,

[0112] * and *' each indicate a binding site to an atom
constituting a main chain of Formula 1, and

[0113] *"indicates a binding site to an atom constituting
a side chain of Formula 1.

[0114] In Formulae 4-12 and 4-13,

[0115] R,, to R,; may each independently be selected
from hydrogen, a methyl group, an ethyl group, an
n-propyl group, and an iso-propyl group,

[0116] b41 may be selected from 1, 2, and 3,

[0117] b42 may be 1 or 2,

[0118] and * each indicate a binding site to an atom
constituting a main chain of Formula 2, and

[0119] *"indicates a binding site to an atom constituting
a side chain of Formula 2.

[0120] InFormulae1,2,and 9,L,, to L5, L,, to L5, and
Lo, to Lo; may each independently be selected from a single
bond, a substituted or unsubstituted C,-C,, alkylene group,
a substituted or unsubstituted C;-C,, arylene group, a sub-
stituted or unsubstituted C,-C,, heteroarylene group, a sub-
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stituted or unsubstituted divalent non-aromatic condensed
polycyelic group, and a substituted or unsubstituted divalent
non-aromatic condensed heteropolycyclic group.

[0121] For example, in Formulae 1, 2, and 9, L;, to L5,
L,,toL,;and Ly, to L, may each independently be selected
from:

[0122] a single bond, a methylene group, an ethylene
group, a trimethylene group, a propylene group, a
tetramethylene group, a pentamethylene group, a phe-
nylene group, a biphenylene group, a terphenylene
group, a pentalenylene group, an indenylene group, a
naphthylene group, an anthracenylene group, an azu-
lenylene group, a heptacenylene group, an acenaphth-
ylene group, a phenalenylene group, a fluorenylene
group, an antraquinolinylene group, a naphthacenylene
group, a phenanthrenylene group. a triphenylenylene
group, a pyrenylene group, a chrysenylene group, a
picenylene group, a perylenylene group, a pentaphe-
nylene group, a pentacenylene group, a tetraphenylene
group, a hexaphenylene group, a hexacenylene group,
a rubicenylene group, a trinaphthylene group, a hepta-
phenylene group, a pyranthrenylene group, a pyrro-
lylene group, a pyrazolylene group, an imidazolylene
group, an oxazolylene group, a thiazolylene group, a
triazolylene group, a tetrazolylene group, an oxadiaz-
olylene group, a pyridinylene group, a pyridazinylene
group, a pyrimidinylene group, a triazinylene group, a
carbazolylene group, an indolylene group, a quinoli-
nylene group, an isoquinolinylene group, a benzimida-
zolylene group, an imidazopyridinylene group, and an
imidazopyrimidinylene group;

[0123] a methylene group, an ethylene group, a trim-
ethylene group, a propylene group, a tetramethylene
group, a pentamethylene group, a phenylene group, a
biphenylene group, a terphenylene group, a pental-
enylene group, an indenylene group, a naphthylene
group, an anthracenylene group, an azulenylene group,
a heptacenylene group, an acenaphthylene group, a
phenalenylene group, a fluorenylene group, an antra-
quinolinylene group, a naphthacenylene group, a
phenanthrenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a picenylene
group, a perylenylene group, a pentaphenylene group,
a pentacenylene group, a tetraphenylene group, a hexa-
phenylene group, a hexacenylene group, a rubicenylene
group, a trinaphthylene group, a heptaphenylene group,
a pyranthrenylene group, a pyrrolylene group, a pyra-
zolylene group, an imidazolylene group, an
oxazolylene group, a thiazolylene group, a triazolylene
group, a tetrazolylene group, an oxadiazolylene group,
a pyridinylene group, a pyridazinylene group, a pyrim-
idinylene group, a triazinylene group, a carbazolylene
group, an indolylene group, a quinolinylene group, an
isoquinolinylene group, a benzimidazolylene group, an
imidazopyridinylene group, and an imidazopyrimidi-
nylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q,,)
(Qu): —Si(Q2)(Q2)(Qu)s —CO(Qay) —O,C(Qu. ),
—CO,4(Q,,), —C(O)N(Q,,), an imine group, an imidic
acid group, a C;-C;, cycloalkyl group, a C,-Cs, het-
erocycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-C,, aryl group,
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a C4-Csy, aryloxy group, a C4-C,, arylthio group, a
C,-C,, aryl alkyl group, a C,-C,, aryl alkoxy group, a
C,-C,, aryl alkylthio group, a Cg-C,, aryl alkenyl
group, a C,-C,,, aryl alkynyl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group; and

[0124] atetramethylene group, a pentamethylene group,
a phenylene group, a biphenylene group, a terphe-
nylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an anthracenylene group,
an azulenylene group, a heptacenylene group, an ace-
naphthylene group, a phenalenylene group, a fluore-
nylene group, an antraquinolinylene group, a naph-
thacenylene group, a phenanthrenylene group, a
triphenylenylene group, a pyrenylene group, a chryse-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a pentacenylene group,
a tetraphenylene group, a hexaphenylene group, a
hexacenylene group, a rubicenylene group, a trinaph-
thylene group, a heptaphenylene group, a pyranthre-
nylene group, a pyrrolylene group, a pyrazolylene
group, an imidazolylene group, an oxazolylene group,
a thiazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a pyridi-
nylene group, a pyridazinylene group, a pyrimidinylene
group, a triazinylene group, a carbazolylene group, an
indolylene group, a quinolinylene group, an isoquino-
linylene group, a benzimidazolylene group, an imida-
zopyridinylene group, and an imidazopyrimidinylene
group, each substituted with at least one selected from
a C¢-Cyq aryl group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
and a monovalent non-aromatic condensed heteropo-
lycyclic group that are each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —1I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q5,)
(Qs): —Si(Q3XQ:2)(Qs5): —COQ;), —0,C(Qs,):
—C0,(Q;,), —C(O)N(Q;,), an imine group, an imidic
acid group, a C;-C,, cycloalkyl group, a C,-C;,, het-
erocycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-C,,, aryl group,
a Cg-Cy aryloxy group, a C¢-Cy, arylthio group, a
C,-C,, aryl alkyl group, a C,-C,, aryl alkoxy group, a
C,-Cyy aryl alkylthio group, a Cg-C,, aryl alkenyl
group, a C4-C,,, aryl alkynyl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, and;

[0125] Q,, to Q,5 and Qs to Q55 may each indepen-
dently be selected from hydrogen, a C,-C,, alkyl
group, a C,-C;, heterocycloalkyl group, a C;-Cy,
cycloalkyl group, a C,4-C;, aryl group, a C,-C,, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, but embodiments of the
present disclosure are not limited thereto.

[0126] In an embodiment, in Formulae 1, 2, and 9, L; to
L5 L, to L,;, and Ly, to Lyy may each independently be
selected from:

[0127] a single bond, a phenylene group, a biphenylene
group, a terphenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an anthrace-
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nylene group, an azulenylene group, a heptacenylene
group, an acenaphthylene group, a phenalenylene
group, a fluorenylene group, an antraquinolinylene
group, a naphthacenylene group, a phenanthrenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a picenylene group, a peryle-
nylene group, a pentaphenylene group, a pentacenylene
group, a tetraphenylene group, a hexaphenylene group,
a hexacenylene group, a rubicenylene group, a trinaph-
thylene group, a heptaphenylene group, a pyranthre-
nylene group, a pyrrolylene group, a pyrazolylene
group, an imidazolylene group, an oxazolylene group,
a thiazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a pyridi-
nylene group, a pyridazinylene group, a pyrimidinylene
group, a triazinylene group, a carbazolylene group, an
indolylene group, a quinolinylene group, an isoquino-
linylene group, a benzimidazolylene group, an imida-
zopyridinylene group, and an imidazopyrimidinylene
group;

[0128] a phenylene group, a biphenylene group, a tet-
phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an anthracenylene group,
an azulenylene group, a heptacenylene group, an ace-
naphthylene group, a phenalenylene group, a fluore-
nylene group, an antraquinolinylene group, a naph-
thacenylene group, a phenanthrenylene group, a
triphenylenylene group, a pyrenylene group, a chryse-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a pentacenylene group,
a tetraphenylene group, a hexaphenylene group, a
hexacenylene group, a rubicenylene group, a trinaph-
thylene group, a heptaphenylene group, a pyranthre-
nylene group, a pyrrolylene group, a pyrazolylene
group, an imidazolylene group, an oxazolylene group,
a thiazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a pyridi-
nylene group, a pyridazinylene group, a pyrimidinylene
group, a triazinylene group, a carbazolylene group, an
indolylene group, a quinolinylene group, an isoquino-
linylene group, a benzimidazolylene group, an imida-
zopyridinylene group, and an imidazopyrimidinylene
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a cyano group, a nitro
group, a methyl group, an ethyl group, an n-propyl
group, an iso-propyl group, an n-butyl group, an isobu-
tyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group,
a neopentyl group, a 1,2-dimethylpropyl group, an
n-hexyl group, an iso-hexyl group, a 1,3-dimethylbutyl
group, a l-isopropylpropyl group, a 1,2-dimethylbutyl
group, an n-heptyl group, a 1,4-dimethylpentyl group,
a 3-ethylpentyl group, a 2-methyl-1-isppropylpropyl
group, a 1-ethyl-3-methylbutyl group, an n-octyl group,
a 2-ethylhexyl group, a 3-methyl-1-isopropylbutyl
group, a 2-methyl-1-iso-propyl group, a 1-tert-butyl-2-
methylpropyl group, an n-nonyl group, a 3,5,5-trimeth-
yldecyl group, an n-decyl group, an iso-decyl group, an
n-undecyl group, a 1-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-nonadecyl
group, an n-eicosyl group, an n-heneicosyl group, an
n-docosyl group, an n-tricosyl group, an n-tetracosyl
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group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, an n-hexyloxy
group, an isohexyloxy group, a heptyloxy group, an
octyloxy group, a nonyloxy group, a decyloxy group,
an undecyloxy group, a dodecyloxy group, a tridecy-
loxy group, a tetradecyloxy group, a pentadecyloxy
group, a hexadecyloxy group, a heptadecyloxy group,
an octadecyloxy group, a 2-ethylhexyloxy group, a
3-ethylpentyloxy group, a benzyl group, a phenylethyl
group, a phenylpropyl group, a benzyl group, a phe-
nylethyl group, a phenylpropyl group, a phenyl group,
a biphenyl group, a fluorenyl group, a naphthyl group,
an anthryl group, a phenanthrenyl group, a naphthace-
nyl group, a pyrenyl group, a terphenyl group, a pyridyl
group, a bipyridyl group, a pyrrolyl group, a pyrazinyl
group, a pyrimidinyl group, an indolyl group, a furyl
group, a benzofuranyl group, a dibenzofuranyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxanyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenazinyl group, a phenothiazinyl
group, a phenothiazinyl group, an oxazolyl group, an
oxadiazolyl group, a furazanyl group, a thienyl group,
a thiophenyl group, an iso-thiophenyl group, and a
dibenzothiophenyl group;

[0129] a phenylene group, a biphenylene group, a ter-
phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an anthracenylene group,
an azulenylene group, a heptacenylene group, an ace-
naphthylene group, a phenalenylene group, a fluore-
nylene group, an antraquinolinylene group, a naph-
thacenylene group, a phenanthrenylene group, a
triphenylenylene group, a pyrenylene group, a chryse-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a pentacenylene group,
a tetraphenylene group, a hexaphenylene group, a
hexacenylene group, a rubicenylene group, a trinaph-
thylene group, a heptaphenylene group, a pyranthre-
nylene group, a pyrrolylene group, a pyrazolylene
group, an imidazolylene group, an oxazolylene group,
a thiazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a pyridi-
nylene group, a pyridazinylene group, a pyrimidinylene
group, a triazinylene group, a carbazolylene group, an
indolylene group, a quinolinylene group, an isoquino-
linylene group, a benzimidazolylene group, an imida-
zopyridinylene group, and an imidazopyrimidinylene
group, each substituted with at least one selected from
a phenyl group, a biphenyl group, a fluorenyl group, a
naphthyl group, an anthryl group, a phenanthrenyl
group, a naphthacenyl group, a pyrenyl group, a ter-
phenyl group, a pyridyl group, a bipyridyl group, a
pyrrolyl group, a pyrazinyl group, a pyrimidinyl group,
an indolyl group, a furyl group, a benzofuranyl group,
a dibenzofuranyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxanyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group that are each substituted with at least one
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selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group,
an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethylpropyl group,
an n-hexyl group, an iso-hexyl group, a 1,3-dimethyl-
butyl group, a 1-isopropylpropyl group, a 1,2-dimeth-
ylbutyl group, an n-heptyl group, a 1,4-dimethylpentyl
group, a 3-ethylpentyl group, a 2-methyl-1-isppropyl-
propyl group, a 1-ethyl-3-methylbutyl group, an n-oc-
tyl group, a 2-ethylhexyl group, a 3-methyl-1-isopro-
pylbutyl group, a 2-methyl-1-iso-propyl group, a 1-tert-
butyl-2-methylpropyl group, an n-nonyl group, a 3,5,
S-trimethyldecyl group, an n-decyl group, an iso-decyl
group, an n-undecyl group, a 1-methyldecyl group, an
n-dodecyl group, an n-tridecyl group, an n-tetradecyl
group, an n-pentadecyl group, an n-hexadecyl group,
an n-heptadecyl group, an n-octadecyl group, an n-non-
adecyl group, an n-eicosyl group, an n-heneicosyl
group, an n-dococyl group, an n-tricocyl group, an
n-tetracocyl group, a methoxy group, an ethoxy group,
a propoxy group, an iso-propoxy group, an n-butoxy
group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, an n-pentoxy group, an iso-pentoxy
group, a tert-pentoxy group, a neopentoxy group, an
n-hexyloxy group, an isohexyloxy group, a heptyloxy
group, an octyloxy group, a nonyloxy group, a decy-
loxy group, an undecyloxy group, a dodecyloxy group,
a tridecyloxy group, a tetradecyloxy group, a pentade-
cyloxy group, a hexadecyloxy group, a heptadecyloxy
group, an octadecyloxy group, a 2-ethylhexyloxy
group, a 3-ethylpentyloxy group, a benzyl group, a
phenylethyl group, a phenylpropyl group, a benzyl
group, a phenylethyl group, a phenylpropyl group, a
phenyl group, a biphenyl group, a fluorenyl group, a
naphthyl group, an anthryl group, a phenanthrenyl
group, a naphthacenyl group, a pyrenyl group, a tet-
phenyl group, a pyridyl group, a bipyridyl group, a
pyrrolyl group, a pyrazinyl group, a pyrimidinyl group,
an indolyl group, a furyl group, a benzofuranyl group,
a dibenzofuranyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxanyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, but embodiments of the present disclosure are
not limited thereto.

[0130] In an embodiment, in Formula 1, 2, and 9, L, to
L5 Ly, to Ly, and Ly, to Loy may each independently be
selected from:

[0131] asingle bond, a phenylene group, a biphenylene
group, a terphenylene group, a naphthylene group, an
anthracenylene group, a fluorenylene group, a naph-
thacenylene group, a phenanthrenylene group, and a
pyrenylene group;

[0132] a phenylene group, a biphenylene group, a ter-
phenylene group, a naphthylene group, an anthrace-
nylene group, a fluorenylene group, a naphthacenylene
group, a phenanthrenylene group, and a pyrenylene
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a cyano group, a nitro
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group, a methyl group, an ethyl group, an n-propyl
group, an iso-propyl group, a tert-butyl group, a benzyl
group, a phenylethyl group, a phenylpropyl group, a
phenyl group, a biphenyl group, a fluorenyl group, a
naphthyl group, an anthryl group, a terphenyl group, a
pyridyl group, a bipyridyl group, a pyrrolyl group, a
dibenzofuranyl group, a carbazolyl group, and a diben-
zothiophenyl group;

[0133] a phenylene group, a biphenylene group, a ter-
phenylene group, a naphthylene group, an anthrace-
nylene group, a fluorenylene group, a naphthacenylene
group, a phenanthrenylene group, and a pyrenylene
group, each substituted with at least one selected from
a phenyl group, a biphenyl group, a fluorenyl group, a
naphthyl group, an anthryl group, a terphenyl group, a
pyridyl group, a bipyridyl group, a pyrrolyl group, a
dibenzofuranyl group, a carbazolyl group, and a diben-
zothiophenyl group that are each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, a
tert-butyl group, a benzyl group, a phenylethyl group,
and a phenylpropyl group, but embodiments of the
present disclosure are not limited thereto.

[0134] In an embodiment, in Formula 1, 2, and 9, L, to
L5 L, to Ly;, and Ly, to Lyy may each independently be
selected from a single bond, a phenylene group, a biphe-
nylene group, a terphenylene group, and a fluorenylene
group, but embodiments of the present disclosure are not
limited thereto.

[0135] InFormulae 1,2,and 9, L, to L5, L,; to L,s, and
L,, to Ly, are selected as described above, thereby increas-
ing the minimum excitation triplet energy level of the
polymer and improving the hole transport and/or hole injec-
tion capability of the polymer. Furthermore, the solubility
and coatability of the polymer may be improved.

[0136] InFormulae 1,2, and 9, alltoal3, a2l to a23, and
a91 to a93 may each independently be selected from 0, 1, 2,
and 3. In Formulae 1, 2, and 9, when all to al3, a21 to a23,
and a91 to a93 are zero, (Ly)ay15 (Ly2)arzs (Liadarss (Lan)ass
(Lan)azz: (La3)azas (Lor)aors (Lo)aoas and (Los)ao3 mean a
single bond. In Formulae 1, 2, and 9, when all to al3, a2l
to a23, and a91 to a93 are two or more, groups L, to L,;,
L,, to L,5, and Ly, to Ly; may be identical to or different
from each other.

[0137] For example, in Formulae 1, 2, and 9, all to al3,
a2l to a23, and a91 to a93 may each independently be 0 or
1, but embodiments of the present disclosure are not limited
thereto.

[0138] In an embodiment, in Formula 1, (L,,),,>-Ary,-
(Ly3),3 may be selected from Formulae 5-1 to 5-9, but
embodiments of the present disclosure are not limited
thereto:

5-1
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[0139] In Formulae 5-1 to 5-9,
[0140] * and *' each indicate a binding site to an atom
constituting a main chain of Formula 1, and
[0141] ** indicates a binding site to an atom constitut-
ing a side chain of Formula 1.
[0142] In Formula 1, (L,,),;.-Ar,,-(Li3),5 1s selected
from Formulae 5-1 to 5-9, thus increasing a minimum
excitation triplet energy level of the polymer.
[0143] In an embodiment, (L,,),,,-Ars;-(Ls3),05 i1 For-
mula 2 may be selected from Formulae 5-10 to 5-14, but
embodiments of the present disclosure are not limited
thereto:
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[0144] In Formulae 5-10 to 5-14,
[0145] * and * each indicate a binding site to an atom
constituting a main chain of Formula 2, and

[0146] *" indicates a binding site to a side chain of
Formula 2.
[0147] In Formula 1, R, to R, may each independently

be selected from a group represented by Formula 9, hydro-
gen, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C,-C,, alkoxy group, a substi-
tuted or unsubstituted C,-C;, aryl group, a substituted or
unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, wherein at
least one of R, to R, is a group represented by Formula 9,
and two neighboring groups selected from R, to R}, are
optionally linked to form a ring.

[0148] For example, in Formula 1, R,, to R, may each
independently be selected from:

[0149] a group represented by Formula 9, hydrogen, a
methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethylbutyl group, a 1-iso-
propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a
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1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group. a 1-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-eicosyl
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, a 1,2-dimeth-
ylpropoxy group, an n-hexyloxy group, an isohexyloxy
group, a 1,3-dimethylbutoxy group, a 1-isopropylpro-
pyloxy group, a 1,2-dimethylbutoxy group, an n-hep-
tyloxy group, a 1.4-dimethylpentyloxy group, a 3-eth-
ylpentyloxy group, a 2-methyl-1-isopropylpropoxy
group, an 1-ethyl-3-methylbutoxy group, an n-octyloxy
group, a 2-ethylhepxyloxy group, a 3-methyl-1-isopro-
pylbutoxy group, a 2-methyl-1-iso-propoxy group, a
1-tert-butyl-2-methylpropoxy group, an n-nonyloxy
group, a 3.5,5-trimethyldecyloxy group, an n-decyloxy
group, an isodecyl group, an n-undecyloxy group, an
n-dodecyloxy group, an n-tridecyloxy group, an n-tet-
radecyloxy group, an n-pentadecyloxy group, an
n-hexadecyloxy group, an n-heptadecyloxy group, an
n-octadecyloxy group, an n-eicosyloxy group, a phenyl
group, a biphenyl group, a terphenyl group, a pental-
enyl group, an indenyl group, a naphthyl group, an
anthryl group, an azulenyl group, a heptacenyl group,
an acenaphthyl group, a phenalenyl group, a fluorenyl
group, an antraquinol group, a naphthacenyl group, a
phenanthrenyl group, a triphenyl group, a pyrenyl
group, a chrysenyl group, a picenyl group, a phenylenyl
group, a pentaphenyl group, a pentacenyl group, a
tetraphenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a trinaphthyl group, a hep-
taphenyl group, a pyranthrenyl group, a pyrrolyl group,
a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a thiazolyl group, a tetrazolyl
group, an oxadiazolyl group, a pyridyl group, a
bipyridyl group, a pyridazinyl group, a pyrazinyl
group, a pyrimidinyl group, a triazinyl group, a carba-
zolyl group, an indolyl group, a furyl group, a benzo-
furanyl group, a dibenzofuranyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxanyl group, a
benzimidazolyl group, an imidazopyridyl group, an
imidazopyrimidyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenazinyl group,
a phenothiazinyl group, a phenothiazinyl group, an
oxazolyl group, an oxadiazolyl group, a furazanyl
group, a thienyl group, a thiophenyl group, an iso-
thiophenyl group, and a dibenzothiophenyl group;

[0150] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenyleny] group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
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hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I. a cyano group, a nitro
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
C,-C,, alkylthio group, —N(Q;)(Qz2), —Si(Q,y)
(Q22)(Qs3), —CO(Qap). —0,C(Qy1), —CO,4(Qyy),
—C(O)N(Q,,), an imine group, an imidic acid group,
a C5-C5, cycloalkyl group, a C,-C;, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C;, hetero-
cycloalkenyl group, a C4-C,, aryl group, a Cg-Csyg
aryloxy group, a C¢-C,, arylthio group, a C,-Cy, aryl
alkyl group, a C,-C,, aryl alkoxy group, a C,-C,, aryl
alkylthio group, a C4-C;, aryl alkenyl group, a C4-Cy,
aryl alkynyl group, a C,-C;, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycy-
clic group; and

[0151] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
a C4-Cyq aryl group, a C,-C,, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
and a monovalent non-aromatic condensed heteropo-
lycyclic group that are each substituted with at least one
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selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q;,)
(Qa2), —8i(Q3)(Q3,)(Qs3), —COQ;), —O,C(Qs)),
—C0,(Q5,), —C(O)N(Qj,), an imine group, an imidic
acid group, a C;-C,, cycloalkyl group, a C,-C;, het-
erocycloalkyl group, a C,-C, cycloalkenyl group, a
C,-Cy, heterocycloalkenyl group, a C4-Cy, aryl group,
a C4C,, aryloxy group, a C4-C,, arylthio group, a
C,-Cy, aryl alkyl group, a C,-C;, aryl alkoxy group, a
C,-C,, aryl alkylthio group, a C4-C,, aryl alkenyl
group, a C4-C, aryl alkynyl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, and Q,; to Q5 and Q;, to Qs;
may each independently be selected from hydrogen, a
C,-C,, alkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkyl group, a Cy-C, aryl group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aro-
matic condensed heteropolycyclic, but embodiments of
the present disclosure are not limited thereto.

In an embodiment, in Formula 1, R}, to R, may

[0153] a group represented by Formula 9, hydrogen, a
methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethylbutyl group, a 1-iso-
propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group. a 1-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-eicosyl
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, a 1,2-dimeth-
ylpropoxy group, an n-hexyloxy group, an isohexyloxy
group, a 1,3-dimethylbutoxy group, a 1-isopropylpro-
pyloxy group, a 1,2-dimethylbutoxy group, an n-hep-
tyloxy group, a 1.4-dimethylpentyloxy group, a 3-eth-
ylpentyloxy group, a 2-methyl-1-isopropylpropoxy
group, an 1-ethyl-3-methylbutoxy group, an n-octyloxy
group, a 2-ethylhepxyloxy group, a 3-methyl-1-isopro-
pylbutoxy group, a 2-methyl-1-iso-propoxy group, a
1-tert-butyl-2-methylpropoxy group, an n-nonyloxy
group, a 3,5,5-trimethyldecyloxy group, an n-decyloxy
group, an isodecyl group, an n-undecyloxy group, an
n-dodecyloxy group, an n-tridecyloxy group, an n-tet-
radecyloxy group, an n-pentadecyloxy group, an
n-hexadecyloxy group, an n-heptadecyloxy group, an
n-octadecyloxy group, an n-eicosyloxy group, a phenyl
group, a biphenyl group, a terphenyl group, a pental-
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enyl group, an indenyl group, a naphthyl group, an
anthryl group, an azulenyl group, a heptacenyl group,
an acenaphthyl group, a phenalenyl group, a fluorenyl
group, an antraquinol group, a naphthacenyl group, a
phenanthrenyl group, a triphenyl group, a pyrenyl
group, a chrysenyl group, a picenyl group, a phenylenyl
group, a pentaphenyl group, a pentacenyl group, a
tetraphenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a trinaphthyl group, a hep-
taphenyl group, a pyranthrenyl group, a pyrrolyl group,
a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a thiazolyl group, a tetrazolyl
group, an oxadiazolyl group, a pyridyl group, a
bipyridyl group, a pyridazinyl group, a pyrazinyl
group, a pyrimidinyl group, a triazinyl group, a carba-
zolyl group, an indolyl group, a furyl group, a benzo-
furanyl group, a dibenzofuranyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxanyl group, a
benzimidazolyl group, an imidazopyridyl group, an
imidazopyrimidyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny! group, a phenazinyl group,
a phenothiazinyl group, a phenothiazinyl group, an
oxazolyl group, an oxadiazolyl group, a furazanyl
group, a thienyl group, a thiophenyl group, an iso-
thiophenyl group, and a dibenzothiophenyl group; and

[0154] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
a methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethylbutyl group, a 1-iso-
propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
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propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group. a 1-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-eicosyl
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, a 1,2-dimeth-
ylpropoxy group, an n-hexyloxy group, an isohexyloxy
group, a 1,3-dimethylbutoxy group, a 1-isopropylpro-
pyloxy group, a 1,2-dimethylbutoxy group, an n-hep-
tyloxy group, a 1.4-dimethylpentyloxy group, a 3-eth-
ylpentyloxy group, a 2-methyl-1-isopropylpropoxy
group, an 1-ethyl-3-methylbutoxy group, an n-octyloxy
group, a 2-ethylhepxyloxy group, a 3-methyl-1-isopro-
pylbutoxy group, a 2-methyl-1-iso-propoxy group, a
1-tert-butyl-2-methylpropoxy group, an n-nonyloxy
group, a 3,5,5-trimethyldecyloxy group, an n-decyloxy
group, an isodecyl group, an n-undecyloxy group, an
n-dodecyloxy group, an n-tridecyloxy group, an n-tet-
radecyloxy group, an n-pentadecyloxy group, an
n-hexadecyloxy group, an n-haptadecyloxy group, an
n-octadecyloxy group, and an n-eicosyloxy group, but
embodiments of the present disclosure are not limited
thereto.

[0155] In an embodiment, in Formula 1, R, to R, may

each independently be selected from:

[0156] a group represented by Formula 9, hydrogen, a
methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethylbutyl group, a 1-iso-
propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, a methoxy group, an ethoxy group, a
Propoxy group, an iso-propoxy group, an n-butoxy
group, an isobutoxy group, a sec-butoxy group, a
tert-butoxy group, an n-pentoxy group, an iso-pentoxy
group, a tert-pentoxy group, a neopentoxy group, a
1,2-dimethylpropoxy group, an n-hexyloxy group, an
isohexyloxy group, a 1,3-dimethylbutoxy group, a
1-isopropylpropyloxy group, a 1,2-dimethylbutoxy
group, an n-heptyloxy group, a 1,4-dimethylpentyloxy
group, a 3-ethylpentyloxy group, a 2-methyl-1-isopro-
pylpropoxy group, an 1-ethyl-3-methylbutoxy group,
an n-octyloxy group, a 2-ethylhepxyloxy group, a
3-methyl-1-isopropylbutoxy group, a 2-methyl-1-iso-
propoxy group, a 1-tert-butyl-2-methylpropoxy group,
a phenyl group, a biphenyl group, a terphenyl group,
and a fluorenyl group; and

[0157] a phenyl group, a biphenyl group, a terphenyl
group, and a fluorenyl group, each substituted with at
least one selected from a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
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group, an n-pentyl group, an isopentyl group, a tert-
pentyl group, a neopentyl group, a 1,2-dimethylpropyl
group, an n-hexyl group, an iso-hexyl group, a 1,3-
dimethylbutyl group, a 1-isopropylpropyl group, a 1,2-
dimethylbutyl group, an n-heptyl group, a 1,4-dimeth-
ylpentyl group, a 3-ethylpentyl group, a 2-methyl-1-
isppropylpropyl group, a 1-ethyl-3-methylbutyl group,
an n-octyl group, a 2-ethylhexyl group, a 3-methyl-1-
isopropylbutyl group, a 2-methyl-1-iso-propyl group, a
1-tert-butyl-2-methylpropyl group, a methoxy group,
an ethoxy group, a propoxXy group, an iso-propoxy
group, an n-butoxy group, an isobutoxy group, a sec-
butoxy group, a tert-butoxy group, an n-pentoxy group,
an iso-pentoxy group, a tert-pentoxy group, a neopen-
toxy group, a 1,2-dimethylpropoxy group, an n-hexy-
loxy group, an isohexyloxy group, a 1,3-dimethylbu-
toxy group, a l-isopropylpropyloxy group, a 1,2-
dimethylbutoxy group, an n-heptyloxy group, a 1,4-
dimethylpentyloxy group, a 3-ethylpentyloxy group, a
2-methyl-1-isopropylpropoxy group, an 1-ethyl-3-
methylbutoxy group, an n-octyloxy group, a 2-ethyl-
hepxyloxy group, a 3-methyl-1-isopropylbutoxy group,
2-methyl-1-iso-propoxy group, and a 1-tert-butyl-2-
methylpropoxy group, but embodiments of the present
disclosure are not limited thereto.
[0158] InFormula 9, R,, and Ry, may each independently
be selected from a substituted or unsubstituted C4-C,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.
[0159] For example, in Formula 9, R, and Ry, may each
independently be selected from:

[0160] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group;

[0161] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
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nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenyleny] group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a cyano group, a nitro
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
C,-Cy, alkylthio group, —N(Q5,)(Qz2), —Si(Q,y)
Q)(Qu) —COQu). —0,CQ)). —CO,Qu),
—C(O)N(Q,,), an imine group, an imidic acid group,
a C;-C;, cycloalkyl group, a C,-C;, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C;, hetero-
cycloalkenyl group, a C4-C, aryl group, a Cg-Csyg
aryloxy group, a C4-C;, arylthio group, a C,-C,, aryl
alkyl group, a C,-C,, aryl alkoxy group, a C,-C,, aryl
alkylthio group, a C4-C,,, aryl alkenyl group, a Cy-Cs,
aryl alkvnyl group, a C,-C;, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycy-
clic group; and

[0162] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
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an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
a C4-Cyq aryl group, a C,-C,, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
and a monovalent non-aromatic condensed heteropo-
lycyclic group that are each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —1I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q;,)
(Qu2): —Si(Q3MQ:2)(Qs3) —COQ;), —0,C(Qs,),
—C0,(Q;,), —C(O)N(Q;,), an imine group, an imidic
acid group, a C;-C,, cycloalkyl group, a C,-C;, het-
erocycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cy, aryl group,
a C4-Csy, aryloxy group, a C4-C,, arylthio group, a
C,-C,, aryl alkyl group, a C,-C,, aryl alkoxy group, a
C,-Cy, aryl alkylthio group, a C4-C,, aryl alkenyl
group, a C,-C,,, aryl alkynyl group, a C,-C;, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, and

[0163] Q,, to Q,5 and Qs to Q5 may each indepen-
dently be selected from hydrogen, a C,-C,, alkyl
group, a C,-C;, heterocycloalkyl group, a C;-Cy,
cycloalkyl group, a C,-C,, aryl group, a C,-C,, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, but embodiments of the
present disclosure are not limited thereto.

In an embodiment, in Formula 9, Ry, and Ry, may

[0165] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group. a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group; and

[0166] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthryl group, an azulenyl group, a heptace-
nyl group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a



1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group., a 1-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-eicosyl
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
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phenylenyl group, a pentaphenyl group, a pentacenyl group, an n-pentyl group, an isopentyl group, a tert-
%roup, a ltetraphenyl gﬁ)o.up, '61 hexaphenyi 'gmlllﬁl’l 3} pentyl group, a neopentyl group, a 1,2-dimethylpropyl
exacenyl group. a rubicenyl group, a irinaphiy group, an n-hexyl group, an iso-hexyl group, a 1,3-
groupl, la heptaphenyl gfolu p. a pyrar.lth.rgnyllglroup, a dimethylbutyl group, a 1-isopropylpropyl group, a 1,2-
PYITOY? SIOUP, & PYTAZO'y Broup, afl icazo 'y group, dimethylbutyl group, an n-heptyl group, a 1,4-dimeth-
an oxazolyl group, a thiazolyl group, a thiazolyl group, yIbuty? group, ply? group, a 1,
a tetrazolyl group, an oxadiazolyl group, a pyridyl ylpentyl group, a 3-ethylpentyl group, a 2-methyl-1-
group, a b]pyr]dy] group, a pymdaz]ny] group, a pyrazj- isppropylpropyl group, a l-ethyl-3-methylbutyl group,
nyl group, a pyrimidinyl group, a triazinyl group, a an n-octyl group, a 2-ethylhexyl group, a 3-methyl-1-
carbazolyl group, an indolyl group, a furyl group, a isopropylbutyl group, a 2-methyl-1-iso-propyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino- 1-tert-butyl-2-methylpropyl group, a methoxy group,
linyl group, an isoquinolinyl group, a quinoxanyl an ethoxy group, a propoxy group, an iso:propoxy
group, 4 bepmmlda;olyl group, an imidazopyridyl group, an n-butoxy group, an isobutoxy group, a sec-
group, an imidazopyrimidyl group, a carbazolyl group, butoxy group, a tert-butoxy group, an n-pentoxy grou
a phenanthridinyl group, an acridinyl group, a phenazi- UILOXY group. XY group. P Y group.
nyl group, a phenothiazinyl group, a phenothiazinyl an 1so-pentoxy group, a [ert-pentoxy group, a neopen-
group, an oxazolyl group, an oxadiazolyl group, a toxy group, a 1,2-dimethylpropoxy group, an n-hexy-
furazanyl group, a thienyl group, a thiophenyl group, loxy group, an 1sohexyloxy group, a 1,3-dimethylbu-
an iso-thiophenyl group, and a dibenzothiophenyl toxy group, a l-isopropylpropyloxy group, a 1,2-
group, each substituted with at least one selected from dimethylbutoxy group, an n-heptyloxy group, a 1,4-
a methyl group, an ethyl group, an n-propy! group, an dimethylpentyloxy group, a 3-ethylpentyloxy group, a
iso-propyl group, an n-butyl group, an isobutyl group, 2-methyl-1-isopropylpropoxy group, an 1-ethyl-3-
asec-butyl group, a tert-butyl group, an n-pentyl group, methylbutoxy group, an n-octyloxy group, a 2-ethyl-
an isopentyl group, a tert-pentyl group, a neopentyl hepxyloxy group, a 3-methyl-1-isopropylbutoxy group,
grqup,ﬁl l,%-dlmethylfr}or()iyl gtrﬁulpl; anln-hexyl gquup, 2-methyl-1-iso-propoxy group, and a 1-tert-butyl-2-
;ilolsglpreoxgylglgr%%pa a1 IZI?deim}e/: ﬂll}lltl}l])u%{?ugr’oﬁlp IS:n n}ethylpropoxy group, but embodiments of the present
3 oge ; disclosure are not limited thereto.

n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a [0170] In an embodiment, in Formula 9, Ry, and Ry, may

each independently be selected from:

[0171] a phenyl group, a biphenyl group, a terphenyl
group, and a fluorenyl group; and

[0172] a phenyl group, a biphenyl group, a terphenyl
group, and a fluorenyl group, each substituted with at
least one selected from a methyl group, an ethyl group,
an n-propyl group, and an iso-propyl group, but
embodiments of the present disclosure are not limited
thereto.

[0173] InFormula 9, -(Lo,),0,-Rs; and -(Lys),5-Rg, may
each independently be selected from Formulae 8-1 to 8-44,
but embodiments of the present disclosure are not limited
thereto:

group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, a 1,2-dimeth-
ylpropoxy group, an n-hexyloxy group, an isohexyloxy
group, a 1,3-dimethylbutoxy group, a 1-isopropylpro-
pyloxy group, a 1,2-dimethylbutoxy group, an n-hep-

*

tyloxy group, a 1,4-dimethylpentyloxy group, a 3-eth-
ylpentyloxy group, a 2-methyl-1-isopropylpropoxy 81
group, an 1-ethyl-3-methylbutoxy group, an n-octyloxy
group, a 2-ethylhepxyloxy group, a 3-methyl-1-isopro- O

1-tert-butyl-2-methylpropoxy group, an n-nonyloxy

group, a 3,5,5-trimethyldecyloxy group, an n-decyloxy

group, an isodecyl group, an n-undecyloxy group, an O

n-dodecyloxy group, an n-tridecyloxy group, an n-tet-

radecyloxy group, an n-pentadecyloxy group, an

n-octadecyloxy group, and an n-eicosyloxy group, but

embodiments of the present disclosure are not limited

thereto.
[0167] In an embodiment, in Formula 9, R, and Ry, may
each independently be selected from:

group, and a fluorenyl group; and

[0169] a phenyl group, a biphenyl group, a terphenyl 83

group, and a fluorenyl group, each substituted with at

least one selected from a methyl group, an ethyl group, *

an n-propyl group, an iso-propyl group, an n-butyl

pylbutoxy group, a 2-methyl-1-iso-propoxy group, a

n-hexadecyloxy group, an n-heptadecyloxy group, an 82
[0168] a phenyl group, a biphenyl group, a terphenyl

group, an isobutyl group, a sec-butyl group, a tert-butyl
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[0174] In Formulae 8-1 to 8-44, 7Z,, and 7,4, may each
independently be selected from hydrogen, a methyl group,
an ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group, a
tert-pentyl group, a neopentyl group, a 1,2-dimethylpropyl
group, an n-hexyl group, an iso-hexyl group, a 1,3-dimeth-
ylbutyl group, a 1-isopropylpropyl group, a 1,2-dimethyl-
butyl group, an n-heptyl group, a 1,4-dimethylpentyl group,
a 3-ethylpentyl group, a 2-methyl-1-isppropylpropyl group,
a 1-ethyl-3-methylbutyl group, an n-octyl group, a 2-ethyl-
hexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, and a 1-tert-butyl-2-methyl-
propy! group, and

[0175] * indicates a binding site to N of Formula 9.
[0176] While not wishing to be bound by theory, it is
understood that when Ry, and Ry, in Formula 9 are selected
as described above, the minimum excitation triplet energy
level of the polymer may be increased, the hole transport
and/or hole transport capability of the polymer may be
improved, and the solubility and coatability of the polymer
may be improved.
[0177] In Formula 2, Q,; may be a crosslinking group. In
Formula 2, Q,, is not particularly limited as long as Q,, is
a substituent that can induce a crosslinking reaction by heat
and/or active energy rays. However, the following materials
may be selected so as to improve the film-forming property,
thin film strength, and the like of the obtained polymer.
[0178] Forexample, in Formula 2, Q,, may be represented
by one of Formulae 6-1 to 6-9, but embodiments of the
present disclosure are not limited thereto:

8-44

6-1
Res
Rey
*=——{C(Re1)2}p63
R
6-2
*—0 \ Re
Re;
6-3
R,
Re1)es1 6
(:|_ / Rgs
\Y
X /
* Re
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-continued

*_O_{C(Rél)z}pslA

Rez

6-4

6-5

*=—0—{C(Re2)2}ps——O0——{CRg1)2}ps1
R¢s
Res Rea

6-6
R¢s
Res—T—0O
#=—0—{C(Rg1)2}ps1—]

Rp Rg

Re

6-7

F—O0—{C(Re2)2} pr——O——{CRg1)2} ps1] Res

Rez Rey

6-8
Re1)ss1

f|

)
R

/

6-9
(Re1)p61

=|
B,

*=—{CR¢1)22}ps1

[0179] In Formulae 6-1 to 6-9,

[0180] R, to Ry may each independently be selected
from hydrogen, a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group,
an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethylpropyl group,
an n-hexyl group, an iso-hexyl group, a 1,3-dimethyl-
butyl group, a 1-isopropylpropyl group, a 1,2-dimeth-
ylbutyl group, an n-heptyl group, a 1,4-dimethylpentyl
group, a 3-ethylpentyl group, a 2-methyl-1-isppropyl-
propyl group, a 1-ethyl-3-methylbutyl group, an n-oc-
tyl group, a 2-ethylhexyl group, a 3-methyl-1-isopro-
pylbutyl group, a 2-methyl-1-iso-propyl group, a 1-tert-
butyl-2-methylpropyl group, an n-nonyl group, a 3,5,
S-trimethyldecyl group, an n-decyl group, and an iso-
decyl group,

[0181] p61 and p62 may each independently be selected
from 1, 2, 3 and 4,

[0182] p63 may be selected from 0, 1, 2, and 3,

[0183] b61 may be selected from 1, 2, 3, and 4,

[0184] 162 may be selected from 1, 2, and 3, and

[0185] * indicates a binding site to a neighboring atom.

[0186] For example, in Formulae 6-1 to 6-9, Rg, to Reg
may each independently be selected from hydrogen, a
methyl group, an ethyl group, an n-propyl group, an iso-
propyl group, an n-butyl group, an isobutyl group, a sec-
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butyl group, a tert-butyl group, an n-pentyl group, an iso-

pentyl group. a tert-pentyl group, a neopentyl group, and a (1
1,2-dimethylpropyl group, but embodiments of the present

disclosure are not limited thereto. * *!

[0187] In an embodiment, in Formulae 6-1 to 6-9, R, to

Reg may each independently be selected from hydrogen,

hydrogen, a methyl group, an ethyl group, an n-propyl

group, and an iso-propyl group, but embodiments of the N

present disclosure are not limited thereto.

[0188] In an embodiment, in Formula 2, Q,, may be Q O "

selected from Formulae 7-1 and 7-2, but embodiments of the

present disclosure are not limited thereto: O .
N O

7-1

9

[0189] In Formulae 7-1 and 7-2,
[0190] * indicates a binding site to a neighboring atom.

[0191] In Formula 2, 021 indicates the number of groups
Q,,, and 021 may be an integer greater than or equal to 1.
When 021 is two or more, two or more groups Q,; may be
identical to or different from each other.

[0192] For example, in Formula 2, 021 may be selected
from 1, 2, and 3, but embodiments of the present disclosure \Q/
are not limited thereto. In an embodiment, in Formula 2, 021
may be 1 or 2, but embodiments of the present disclosure are
N,

not limited thereto. In an embodiment, in Formula 2, 021
may be 1, but embodiments of the present disclosure are not
limited thereto. W R
[0193] In Formula 2, p21 indicates the number of groups )
(L5))21-(Q5)),2,, and p21 may be an integer greater than or .O
equal to 1.

N

[0194] For example, in Formula 2, p21 may be selected
from 1, 2, and 3, but embodiments of the present disclosure
are not limited thereto. In an embodiment, in Formula 2, p21
may be 1 or 2, but embodiments of the present disclosure are
not limited thereto. In an embodiment, in Formula 2, p21

may be 1, but embodiments of the present disclosure are not
limited thereto.

[0195] In an embodiment, the first repeating unit repre-
sented by Formula 1 may be selected from Formulae 1-1 to
1-42, but embodiments of the present disclosure are not
limited thereto:
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Rx
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» pees

1-42

1-40 |

O [0196] In formulae 1-1 to 1-42,
[0197]

R, may be selected from a methyl group, an
ethyl group, an n-propyl group, an group, an n-pentyl
group, an isopentyl group, a tert-pentyl group, a neo-
pentyl group, a 1,2-dimethylpropyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethylbutyl group,
a 1-isopropylpropyl group, a 1,2-dimethylbutyl group,
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an n-heptyl group, a 1,4-dimethylpentyl group, a 3-eth-
vlpentyl group, a 2-methyl-1-isppropylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group. a 1-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, and an n-eicosyl
group, and

[0198] * and *' each indicate a binding site to a neigh-
boring atom.

[0199] In an embodiment, the second repeating unit rep-
resented by Formula 2 may be selected from Formulae 2-1
to 2-3, but embodiments of the present disclosure are not
limited thereto:

2-1

Q-

2-2

23
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[0200] In Formulae 2-1 to 2-3,

[0201] * and *' each indicate a binding site to a neigh-
boring atom.

[0202] In the polymer according to an embodiment, the
proportion of the first repeating unit may be in a range of
about 1% to about 99.9% based on the total sum of the first
repeating unit and the second repeating unit. When the
polymer includes two or more first repeating units, the
proportion of the first repeating unit is calculated based on
the total amount of the third repeating units.

33
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[0203] For example, the proportion of the first repeating
unit in the polymer may be in range of about 20% to 95%
based on the total sum of the first repeating unit and the
second repeating unit, but embodiments of the present
disclosure are not limited thereto.

[0204] In an embodiment, the proportion of the first
repeating unit in the polymer may be in a range of about 40%
to about 90% based on the total sum of the first repeating
unit and the second repeating unit, but embodiments of the
present disclosure are not limited thereto.

[0205] While not wishing to be bound by theory, it is
understood that when the proportion of the first repeating
unit is relatively large within the above range, hole transport
capability may be improved and a driving voltage of a
device may be reduced, thus improving current efficiency.
Also, while not wishing to be bound by theory, it is under-
stood that when the proportion of the first repeating unit is
relatively small within the above range, carrier balance in
the emission layer becomes good and the number of carriers
not contributing to recombination is reduced, thus improv-
ing current efficiency.

[0206] In the polymer according to the embodiment, the
proportion of the second repeating unit may be in a range of
about 0.1% to about 99.9% based on the total sum of the first
repeating unit and the second repeating unit. When the
polymer includes two or more second repeating units, the
proportion of the third repeating unit is calculated based on
the total amount of the second repeating units.

[0207] For example, the proportion of the second repeat-
ing unit in the polymer may be in a range of about 1% to
about 50% based on the total sum of the first repeating unit
and the second repeating unit, but embodiments of the
present disclosure are not limited thereto.

[0208] In an embodiment, the proportion of the second
repeating unit in the polymer may be in a range of about 3%
to about 30% based on the total sum of the first repeating
unit and the second repeating unit, but embodiments of the
present disclosure are not limited thereto.

[0209] The structure of the polymer is not particularly
limited. For example, the polymer may be one of a random
copolymer, an alternating copolymer, a periodic copolymer,
and a block copolymer, but embodiments of the present
disclosure are not limited thereto.

[0210] In order to manufacture a large-area light-emitting
device at a lower cost, efforts have been made to use solution
coating instead of vacuum deposition. As compared with the
vacuum deposition, the solution coating is an efficient
method of manufacturing a light-emitting device because the
solution coating is high in utilization efficiency of a material
for a light-emitting device, facilitates the manufacture of a
large-area device, and does requires an expensive vacuum
apparatus.

[0211] Forexample, JP 2016-84370 A, JP 2016-503087 A,
and JP 2012-7021 A disclose an arylamine polymer as a hole
transport material.

[0212] It is advantageous to use a phosphorescent mate-
rial, for example, a tris(2-phenylpyridine)iridium complex
(Ir(ppy),), together with a charge transport material having
relatively high minimum excitation triplet energy (2.5 elec-
tron volts, eV or higher). Therefore, while not wishing to be
bound by theory, it is understood that when the arylamine
polymer is used as the charge transport material in the
organic light-emitting device using the phosphorescent
material, the structure of the constituent unit constituting the
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arylamine polymer needs to be limited so as to control a
minimum excitation triplet energy level and a highest occu-
pied molecular orbital (HOMO) energy level. Also, an
organic light-emitting device including an existing arylam-
ine polymer has a problem that cannot obtain sufficient
current efficiency and/or driving lifespan.

[0213] On the contrary, since the polymer according to the
embodiment has a high minimum excitation triplet energy
level, a light-emitting device including the polymer may
have improved current efficiency. In an embodiment, the
polymer essentially includes the first repeating unit, and the
first repeating unit essentially includes Ar|, in a main chain
and a group represented by Formula 9 in a side chain, thus
improving the minimum excitation triplet energy level of the
polymer.

[0214] While not wishing to be bound by theory, it is
understood that when the polymer is used in an organic
light-emitting device, for example, a hole injection layer
and/or a hole transport layer of the organic light-emitting
device, the current density of the organic light-emitting
device may be improved.

[0215] Since the polymer has high charge mobility, the
lifespan (durability) of the light-emitting device including
the polymer may be improved.

[0216] Since the polymer includes a carbazole group in
which a group represented by Formula 9 is essentially
included in the first repeating unit, the hole transport capa-
bility of the polymer may be improved.

[0217] Also, since the polymer essentially includes the
second repeating unit including the crosslinking group, the
stability of the film obtained by solution coating may be
improved. While not wishing to be bound by theory, it is
understood that the crosslinking group makes it possible to
additionally laminate a layer on a polymer thin film by using
solution coating. Therefore, even when the light-emitting
device is formed to have a stacked structure, the light
emission characteristics and stability may be improved.
[0218] Third Repeating Unit

[0219] A polymer according to another embodiment may
further include a third repeating unit represented by Formula
3, in addition to the first repeating unit represented by
Formula 1 and the second repeating unit represented by
Formula 2. The polymer may include one third repeating
unit, or may include two or more third repeating units:

Ay —* Formula 3

[0220] In Formula 3, Ar;, may be selected from a substi-
tuted or unsubstituted C5-C,,, carbocyclic group and a sub-
stituted or unsubstituted C,-C;, heterocyclic group.

[0221] For example, in Formula 3, Ar;, may be selected
from:

[0222] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an antra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
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a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group;

[0223] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a C,-C,, alkylthio group,
NQ)(Q), —SilQ)(Q2)(Qn3),  —COQy)),
—0,C(Qz1), —CO,(Qyy), —C(ON(Q;,), an imine
group, an imidic acid group, a C;-C;, cycloalkyl group,
a C,-Cy, heterocycloalkyl group, a C,-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Csq aryl group, a C4-C,, aryloxy group, a Cg-Cs,
arylthio group, a C,-C;, aryl alkyl group, a C,-C,, aryl
alkoxy group, a C,-Cs, aryl alkylthio group, a C4-C;q
aryl alkenyl group, a Cq-Cs arvl alkynyl group, a
C,-C;, heteroaryl group, a monovalent non-aromatic
condensed polyeyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group; and

[0224] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an
azulene group, a heptacene group, an acenaphthalene
group, a phenalene group, a fluorene group, an anthra-
quinone group, a naphthacene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a picene group, a perylene group, a pentaphene
group, a pentacene group, a tetraphene group, a hexa-
phene group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphene group, a pyran-
threne group, a pyrrole group, a pyrazole group, an
imidazole group, an oxazole group, a thiazole group, a
triazole group, a tetrazole group, an oxadiazole group,
a pyridine group, a pyridazine group, a pyrimidine
group, a triazine group, a carbazole group, an indole
group, a quinoline group, an isoquinoline group, a
benzimidazole group, an imidazopyridine group, and
an imidazopyrimidine group, each substituted with at
least one selected from a Cg-Cy, aryl group, a C,-Cs,
heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aro-
matic condensed heteropolycyclic group that are each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a cyano group, a nitro group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a C,-C,,
alkylthio group, —N(Q31)(Q32), —Si(Q31)(Q12)(Qa3),
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selected from:
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—CO(Qs,), —0,C(Qs1), —CO,4(Qs,), —C(OIN(Qs ),
an imine group, an imidic acid group, a C;-Cs,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Csy, aryl group, a C4-Csy aryloxy
group, a C,-C,, arylthio group, a C,-C,, aryl alkyl
group, a C-C,, aryl alkoxy group, a C,-C,, aryl
alkylthio group, a C4-C;, aryl alkenyl group, a C4-Cy,
aryl alkynyl group, a C,-C,, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycy-
clic group, and

[0225] Q,, to Q,5 and Q;; to 033 may each indepen-
dently be selected from hydrogen, a C,-C,, alkyl
group, a C,-C;, heterocycloalkyl group, a C;-Cs,
cycloalkyl group, a C,-C,, aryl group, a C,-Cs, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, but embodiments of the
present disclosure are not limited thereto.

In an embodiment, in Formula 3, Ar;;, may be

[0227] abenzene group, a naphthalene group, an anthra-
cene group, a fluorene group, a naphthacene group, a
phenanthrene group, and a pyrene group;

[0228] abenzene group, a naphthalene group, an anthra-
cene group, a fluorene group, a naphthacene group, a
phenanthrene group, and a pyrene group, each substi-
tuted with at least one selected from deuterium, —F,
—Cl,—Br, —I, a cyano group, a nitro group, a methyl
group, an ethyl group, an n-propyl group, an iso-propyl
group, an n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, an iso-
pentyl group, a tert-pentyl group, a neopentyl group, a
1,2-dimethylpropyl group, an n-hexyl group, an iso-
hexyl group, a 1,3-dimethylbutyl group, a 1-isopropy-
Ipropyl group, a 1,2-dimethylbutyl group, an n-heptyl
group, a 1,4-dimethylpentyl group, a 3-ethylpentyl
group, a 2-methyl-1-isppropylpropyl group, a 1-ethyl-
3-methylbutyl group, an n-octyl group, a 2-ethylhexyl
group, a 3-methyl-1-isopropylbutyl group, a 2-methyl-
1-iso-propyl group, a 1-tert-butyl-2-methylpropyl
group, an n-nonyl group, a 3,5,5-trimethyldecyl group,
an n-decyl group, an iso-decyl group, an n-undecyl
group, a 1-methyldecyl group, an n-dodecyl group, an
n-tridecyl group, an n-tetradecyl group, an n-pentade-
cyl group, an n-hexadecyl group, an n-heptadecyl
group, an n-octadecyl group, an n-nonadecyl group, an
n-eicosyl group, an n-heneicosyl group, an n-docosyl
group, an n-tricosyl group, an n-tetracosyl group, a
methoxy group, an ethoxy group, a propoxy group, an
1S0-propoxy group, an n-butoxy group, an isobutoxy
group, a sec-butoxy group, a tert-butoxy group, an
n-pentoxy group, an iso-pentoxy group, a tert-pentoxy
group, a neopentoxy group, an n-hexyloxy group, an
isohexyloxy group, a heptyloxy group, an octyloxy
group, a nonyloxy group, a decyloxy group, an unde-
cyloxy group, a dodecyloxy group, a tridecyloxy group,
a tetradecyloxy group, a pentadecyloxy group, a hexa-
decyloxy group, a heptadecyloxy group, an octadecy-
loxy group, a 2-ethylhexyloxy group, a 3-ethylpenty-
loxy group, a benzyl group, a phenylethyl group, a
phenylpropyl group, a phenyl group, a biphenyl group,
a fluorenyl group. a naphthyl group, an anthryl group,
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a phenanthrenyl group, a naphthacenyl group, a pyrenyl
group, a terphenyl group, a pyridyl group, a bipyridyl
group, a pyrrolyl group, a pyrazinyl group, a pyrimidi-
nyl group, an indolyl group, a furyl group, a benzo-
furanyl group, a dibenzofuranyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxanyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenazinyl group, a phenothiazinyl group, a
phenothiazinyl group, an oxazolyl group, an oxadiaz-
olyl group, a furazanyl group, a thienyl group, a thio-
phenyl group, an iso-thiophenyl group, and a dibenzo-
thiophenyl group; and

[0229] abenzene group, a naphthalene group, an anthra-
cene group, a fluorene group, a naphthacene group, a
phenanthrene group, and a pyrene group, each substi-
tuted with at least one selected from a phenyl group, a
biphenyl group, a fluorenyl group, a naphthyl group, an
anthryl group, a phenanthrenyl group, a naphthacenyl
group, a pyrenyl group, a terphenyl group, a pyridyl
group, a bipyridyl group, a pyrrolyl group, a pyrazinyl
group, a pyrimidinyl group, an indolyl group, a furyl
group, a benzofuranyl group, a dibenzofuranyl group, a
quinolinyl group, an isoquinolinyl group, a quinoxanyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenazinyl group. a phenothiazinyl
group, a phenothiazinyl group, an oxazolyl group, an
oxadiazolyl group, a furazanyl group, a thienyl group,
a thiophenyl group, an iso-thiophenyl group, and a
dibenzothiophenyl group that are each substituted with
at least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group,
a tert-pentyl group, a neopentyl group, a 1,2-dimeth-
ylpropyl group, an n-hexyl group, an iso-hexyl group,
a 1,3-dimethylbutyl group, a 1-isopropylpropyl group,
a 1,2-dimethylbutyl group, an n-heptyl group, a 1,4-
dimethylpentyl group, a 3-ethylpentyl group, a
2-methyl-1-isppropylpropyl group, a 1-ethyl-3-methyl-
butyl group, an n-octyl group, a 2-ethylhexyl group, a
3-methyl-1-isopropylbutyl group, a 2-methyl-1-iso-
propyl group, a 1-tert-butyl-2-methylpropyl group, an
n-nonyl group, a 3,5,5-trimethyldecyl group, an n-de-
cyl group, an iso-decyl group, an n-undecyl group, a
1-methyldecyl group, an n-dodecyl group, an n-tridecyl
group, an n-tetradecyl group, an n-pentadecyl group, an
n-hexadecyl group, an n-heptadecyl group, an n-octa-
decyl group, an n-nonadecyl group, an n-eicosyl group,
an n-heneicosyl group, an n-dococyl group, an n-trico-
cyl group, an n-tetracocyl group, a methoxy group, an
ethoxy group, a propoxy group, an is0-propoxy group,
an n-butoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, an n-pentoxy group, an
iso-pentoxy group, a tert-pentoxy group, a neopentoxy
group, an n-hexyloxy group, an isohexyloxy group, a
heptyloxy group, an octyloxy group, a nonyloxy group,
a decyloxy group, an undecyloxy group, a dodecyloxy
group, a tridecyloxy group, a tetradecyloxy group, a
pentadecyloxy group, a hexadecyloxy group, a hepta-
decyloxy group, an octadecyloxy group, a 2-ethylhexy-
loxy group, a 3-ethylpentyloxy group, a benzyl group,
a phenylethyl group, a phenylpropyl group, a phenyl
group, a biphenyl group, a fluorenyl group, a naphthyl
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group, an anthryl group, a phenanthrenyl group, a
naphthacenyl group, a pyrenyl group, a terphenyl
group, a pyridyl group, a bipyridyl group, a pyrrolyl
group, a pyrazinyl group, a pyrimidinyl group, an
indolyl group, a furyl group, a benzofuranyl group, a
dibenzofuranyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxanyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, but embodiments of the present disclosure are
not limited thereto.

[0230] In an embodiment, in Formula 3, Ar,, may be
selected from Formulae 4-14 to 4-16, but embodiments of
the present disclosure are not limited thereto:

414
Ryy
Rug Ra
R4z
415
Ry
* Ray
Ry #
Rys
4-16

[0231]

[0232] R, to R,, may each independently be selected
from hydrogen, a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group,
an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethylpropyl group,
an n-hexyl group, an iso-hexyl group, a 1,3-dimethyl-
butyl group, a 1-isopropylpropyl group, a 1,2-dimeth-
ylbutyl group, an n-heptyl group, a 1,4-dimethylpentyl
group, a 3-ethylpentyl group, a 2-methyl-1-isppropyl-
propyl group, a 1-ethyl-3-methylbutyl group, an n-oc-
tyl group, a 2-ethylhexyl group, a 3-methyl-1-isopro-
pylbutyl group, a 2-methyl-1-iso-propyl group, and a
1-tert-butyl-2-methylpropyl group,

[0233]

[0234] * and *' each indicate a binding site to an atom
constituting a main chain of Formula 3.

In Formulae 4-14 to 4-16,

b41 may be selected from 1, 2, and 3, and
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[0235] In an embodiment, the third repeating unit repre-
sented by Formula 3 may be selected from Formulae 3-1 and
3-2, but embodiments of the present disclosure are not
limited thereto:

3-1
x Ry
Ry *
32
Ry Ry
[0236] In Formulae 3-1 and 3-2,

[0237] R, may be selected from a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group,
a tert-pentyl group, a neopentyl group, a 1,2-dimeth-
ylpropyl group, an n-hexyl group, an iso-hexyl group,
a 1,3-dimethylbutyl group, a 1-isopropylpropyl group,
a 1,2-dimethylbutyl group, an n-heptyl group, a 1.4-
dimethylpentyl group, a 3-ethylpentyl group, a
2-methyl-1-isppropylpropyl group, a 1-ethyl-3-methyl-
butyl group, an n-octyl group, a 2-ethylhexyl group, a
3-methyl-1-isopropylbutyl group, a 2-methyl-1-iso-
propyl group, and a 1-tert-butyl-2-methylpropyl group,
and

[0238] * and *' each indicate a binding site to a neigh-
boring atom.

[0239] While not wishing to be bound by theory, it is
understood that when the polymer further includes the third
repeating unit represented by Formula 3, the solvent solu-
bility of the polymer may be improved. Therefore, a thin
film may be more easily formed of the polymer by using
solution coating.

[0240] In the polymer according to the embodiment, the
proportion of the third repeating unit may be in a range of
about 0% to 99.9% based on the total sum of the first
repeating unit, the second repeating unit, and the third
repeating unit. When the polymer includes two or more third
repeating units, the proportion of the third repeating unit is
calculated based on the total amount of the third repeating
units.

[0241] For example, the proportion of the third repeating
unit in the polymer may be in a range of about 0% to about
90% based on the total sum of the first repeating unit, the
second repeating unit, and the third repeating unit, but
embodiments of the present disclosure are not limited
thereto.

[0242] In an embodiment, the proportion of the third
repeating unit in the polymer may be in a range of about 0%
to about 90% based on the total sum of the first repeating
unit, the second repeating unit, and the third repeating unit,
but embodiments of the present disclosure are not limited
thereto.

[0243] While not wishing to be bound by theory, it is
understood that when the polymer has the third repeating
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unit, the solubility of the polymer, for example, the solubility
in an organic solvent, may be improved. Therefore, when a
light-emitting device having a stacked structure is manufac-
tured by using such a polymer, the light emission charac-
teristics and stability of the light-emitting device may be
improved.
[0244] Characteristics of Polymer
[0245] The structure of the polymer is not particularly
limited. For example, the polymer may be one of a random
copolymer, an alternating copolymer, a periodic copolymer,
and a block copolymer, but embodiments of the present
disclosure are not limited thereto.
[0246] The number average molecular weight (M,,) of the
polymer according to the embodiment is not particularly
limited, but may be in a range of about 10,000 Daltons (Da)
to about 500,000 Da. For example, the number average
molecular weight (M,,) of the polymer may be in a range of
about 30,000 Da to 200,000 Da, but embodiments of the
present disclosure are not limited thereto. While not wishing
to be bound by theory, it is understood that when the number
average molecular weight (M) of the polymer is within this
range, it is possible to appropriately adjust the viscosity of
a solution and/or a dispersion liquid used for forming a thin
film (for example, a hole injection layer, a hole transport
layer, or the like) by using the polymer, and it is possible to
uniformly adjust a thickness of a thin film obtained there-
from.
[0247] The weight average molecular weight (M, ) of the
polymer according to the embodiment is not particularly
limited, but may be in a range of about 1,000 Da to about
1,000,000 Da. For example, the weight average molecular
weight (M) of the polymer may be in a range of about
10,000 Da to about 500,000 Da, but embodiments of the
present disclosure are not limited thereto. For example, the
weight average molecular weight (M, ) of the polymer may
be in a range of about 50,000 Da to about 500,000 Da, but
embodiments of the present disclosure are not limited
thereto. While not wishing to be bound by theory, it is
understood that when the number average molecular weight
(M,,) of the polymer is within this range, it is possible to
appropriately adjust the viscosity of a solution and/or a
dispersion liquid used for forming a thin film (for example,
a hole injection layer, a hole transport layer, or the like) by
using the polymer, and it is possible to uniformly adjust a
thickness of a thin film obtained therefrom.
[0248] The method of measuring the number average
molecular weight (M,) and the weight average molecular
weight (M,,) is not particularly limited. The number average
molecular weight (M,) and the weight average molecular
weight (M,)) may be measured and calculated by known
methods. The number average molecular weight (M,,) and
the weight average molecular weight (M, ) were measured
under the following condition.
[0249] The weight average molecular weight (M,,) was
measured under the following conditions by gel permeation
chromatography (GPC) using polystyrene as a standard
sample.

[0250] Analysis apparatus: Prominance (manufactured

by Shimadzu Corporation)
[0251] Column: PLgel MIXED-B (manufactured by
Polymer Laboratories Inc.)

[0252] Column temperature: 40° C.
[0253] Flow rate: 1.0 milliliters per minute (ml./min)
[0254] Dose: 20 microliters (ul)
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[0255] Eluent: tetrahydrofuran (THF) (concentration:
about 0.05% by mass)

[0256] Detector: UV-VIS detector (SPD-10AV manu-
factured by Shimadzu Corporation)

[0257]

[0258] The main chain terminal of the polymer according
to the embodiment is not particularly limited, and may be
appropriately modified according to a type of a monomer
used. However, the main chain terminal of the polymer may
be generally hydrogen.

[0259]

[0260] Hereinafter, a method of preparing a polymer,
according to an embodiment, will be described in detail. The
method of preparing the polymer, according to the embodi-
ment, may be easily understood by those of ordinary skill in
the art by referring to Examples provided below.

[0261] In an embodiment, the polymer may be prepared
by polymerizing a first monomer represented by Formula
M-1 and a second monomer represented by Formula M-2.
When the polymer further includes the third repeating unit,
the polymer may be prepared by polymerizing the first
monomer represented by Formula M-1, the second mono-
mer represented by Formula M-2, and the third monomer
represented by Formula M-3:

Standard sample: Polystyrene

Method of Preparing Polymer

Formula M-1
Yll_(LIZ)aIZ_AIII1_(L13)a13_Y12
Linens
Z N V4
11 18
Vi N
713 Z17
\ /
L=z, zE %
i Formula M-2
Yor— @oa)an— A —Loz)as— Y2
|
< (Lli)a21>
(Qa1)e21 -
Formula M-3

Y3— A —Ya.

[0262] In Formulae M-1, M-2, and M-3, Z,, to Zg, Ar;
Ar,,Ary L toly 5, L, toL,5, all toal3, a2l toa23,Q,,
021, and p21 are the same as described in Formulae 1 to 3.

[0263] In Formulae M-1, M-2, and M-3, Y,;, Y,,, Y1,
Y., Y;, and Y5, may each independently be selected from
—F, —Cl,—Br, —I, and a group represented by Formula C:

Formula C
Ry
\
B *
O/
Re¢
Rp
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[0264] In Formula C,

[0265] R, Ry R, and RD may each independently be

selected from hydrogen and a C,-C; alkyl group, and

[0266] * indicates a binding site to a neighboring atom.
[0267] For example, in Formula C, R, Rz, R, and RD
may each independently be selected from hydrogen, a
methyl group, an ethyl group, an n-propyl group, an iso-
propyl group, and a sec-propyl group, but embodiments of
the present disclosure are not limited thereto.
[0268] In an embodiment, in Formula C, R ;. Rz, R, and
RD may each be a methyl group, but embodiments of the
present disclosure are not limited thereto.
[0269] The monomer used for the synthesis of the polymer
may be synthesized by a known synthesis method, and the
structure of the monomer may be identified by NMR and
LC-MS or the like.
[0270] The polymerization method of synthesizing the
polymer is not particularly limited.
[0271] For example, the polymer may be prepared by
using a known condensation polymerization reaction. For
example, a method of polymerizing a monomer by a Suzuki
coupling reaction, a method of polymerizing a monomer by
a Grignard reaction, a method of polymerizing a monomer
by a Ni(0) complex, a method of polymerizing a monomer
by an oxidizing agent such as FeCl;, a method of electro-
chemically oxidizing and polymerizing a monomer, or a
method using a decomposition of an intermediate polymer
having an appropriate leaving group may be used, but
embodiments of the present disclosure are not limited
thereto.
[0272] The solvent used for the polymerization of the
polymer may be selected from, for exaniple, toluene, xylene,
diethyl ether, chloroform, ethyl acetate, methylene chloride,
tetrahydrofuran, acetone, acetonitrile, N,N-dimethylforma-
mide, dimethyl sulfoxide, anisole, and hexamethylphos-
phoric triamide. The solvent may be used solely, or two or
more solvents may be used together. The monomer used for
the polymerization of the polymer according to the embodi-
ment has high solubility in the solvent.
[0273] The concentration of the monomer in the solvent
(entire monomers when a plurality of monomers are used)
may be in a range of about 5 percent by weight (wt %) to
about 90 wt % based on the entire reaction solution. For
example, the concentration of the monomer in the solvent
may be in a range of about 10 wt % to about 80 wt %, but
embodiments of the present disclosure are not limited
thereto.
[0274] The polymerization temperature may be in a range
of about 0° C. to about 250° C., for example, 40° C. to about
150° C., in terms of molecular weight control, but embodi-
ments of the present disclosure are not limited thereto.
[0275] The polymerization reaction may be performed for
about 30 minutes to about 24 hours, but embodiments of the
present disclosure are not limited thereto.
[0276] The solvent, to which the monomer is added, may
be deaerated prior to addition of a catalyst, for example, a
polymerization catalyst. For example, the deaeration process
may be freeze deaeration or deaeration using an inert gas
such as a nitrogen gas, but embodiments of the present
disclosure are not limited thereto.
[0277] The polymerization catalyst may use, for example,
a compound such as a Pd(II) complex, a Pd(0) complex, or
a Ni(0) complex, but embodiments of the present disclosure
are not limited thereto. The Pd(I) complex may be, for
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example, a Pd acetate, and the Pd(0) complex may be, for
example, Pd(PPh;) [Ph is a phenyl group], a Pd(II)-PPh,
complex, or PAC1,(PPh,), but embodiments of the present
disclosure are not limited thereto. For example, when the
Pd(IT) complex is used as the polymerization catalyst, 2
molar equivalents to 8 molar equivalents of a phosphine
compound may be added to a reaction mixture based on 1
mol of the Pd(I) complex, but embodiments of the present
disclosure are not limited thereto.

[0278] An amount of the catalyst added may be in a range
of about 0.00001 moles to about 10 moles, for example,
about 0.0001 moles to about 5 moles, for example, about
0.01 to about 2, based on 1 mole of the total monomers used
in preparing the polymer.

[0279] The main chain terminal of the polymer described
above may be appropriately defined according to a kind of
a material used, and may be, for example, an aryl group or
a heteroaryl group containing a carbon-carbon bond, or a
hydrogen atom, but embodiments of the present disclosure
are not limited thereto.

[0280] Composition

[0281] Hereinafter, a composition according to an
embodiment will be described in detail.

[0282] The composition may include the polymer
described above.

[0283] For example, the composition may further include
at least one selected from a hole transport material, an
electron transport material, and a light-emitting material.
[0284] In an embodiment, the composition may further
include an organometallic compound. The organometallic
compound may be a compound that emits light from triplet
excitons, that is, a phosphorescent dopant.

[0285] In an embodiment, the composition may further
include at least one selected from a solvent and a dispersion
medium.

[0286] Since the above-described polymer has high solu-
bility in an organic solvent, the composition may be very
suitable for forming a thin film by solution coating (wet
process).

[0287] Therefore, the composition according to the
embodiment may be used as a material for a light-emitting
device (for example, an organic light-emitting device, a
quantum-dot light-emitting device, and the like). For
example, the composition may be used in a charge injection
layer and/or a charge transport layer of a light-emitting
device, for example, a hole injection layer and/or a hole
transport layer thereof. In addition, the composition may
also be used as a host of an emission layer of a light-emitting
device. For example, the composition may be used in a hole
injection layer and/or a hole transport layer.

[0288] Light-Emitting Device

[0289] Hereinafter, a light-emitting device according to an
embodiment will be described in detail.

[0290] The light-emitting device according to the embodi-
ment may include:

[0291] a first electrode;
[0292] a second electrode; and
[0293] an intermediate layer disposed between the first

electrode and the second electrode,

[0294] wherein the intermediate layer includes an emis-
sion layer, and

[0295] wherein the intermediate layer includes the poly-
mer described above.
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[0296] For example, the emission layer may include at
least one selected from an organic compound and a semi-
conductor compound, but embodiments of the present dis-
closure are not limited thereto. For example, when the
emission layer includes the organic compound, the light-
emitting device may be referred to as organic light-emitting
device.

[0297] In an embodiment, the organic compound may be
a compound that emits light from triplet excitons. That is,
the light-emitting device may be a phosphorescent organic
light-emitting device.

[0298] Forexample, the semiconductor compound may be
a quantum dot. That is, the light-emitting device may be a
quantum-dot light-emitting device.

[0299] The quantum dot means a crystal of the semicon-
ductor compound, and may cover all materials that emit
emission wavelengths having different lengths according to
the size of the crystal. Therefore, a type of a compound
constituting the quantum dot is not particularly limited.
[0300] The polymer may be included in the hole transport
layer and/or the hole injection layer between the first elec-
trode and the emission layer, but embodiments of the present
disclosure are not limited thereto.

[0301] Hereinafter, the light-emitting device will be
described as an organic light-emitting device. The light-
emitting device according to the embodiment will be
described with reference to FIG. 1. FIG. 1 is a schematic
view of an organic light-emitting device 100 according to an
embodiment.

[0302] The organic light-emitting device 100 according to
the embodiment includes a substrate 10, a first electrode 120
on the substrate 10, a hole injection layer 130 on the first
electrode 120, a hole transport layer 140 on the hole injec-
tion layer 130, an emission layer 150 on the hole transport
layer 140, an electron transport layer 160 on the emission
layer 150, an electron injection layer 170 on the electron
transport layer 160, and a second electrode 180 on the
electron injection layer 170.

[0303] The polymer may be included in, for example, one
of the organic layers disposed between the first electrode 120
and the second electrode 180 (for example, the hole injection
layer 130, the hole transport layer 140, the emission layer
150, the electron transport layer 160, and the electron
injection layer 170). For example, the polymer may be
included in the hole injection layer 130 as a hole injection
material, may be included in the hole transport layer 140 as
a hole transport material, or may be included in the emission
layer 150 as a hole transport host. Alternatively, the polymer
may be included in other organic layers except for the
emission layer 150. For example, the polymer may be
included in the hole injection layer 130 and/or the hole
transport layer 140 as a hole transport material. For example,
the polymer may be included in the hole transport layer 140.
[0304] Also, the organic layer including the polymer may
be formed by, for example, solution coating. For example,
the organic layer including the polymer is formed by using
solution coating, for example, spin coating, casting, micro
gravure coating, gravure coating, bar coating, roll coating,
wire bar coating, dip coating, spray coating, screen printing,
flexographic printing, offset printing, and ink-jet printing.
[0305] According to the solution coating, the organic layer
may be formed by coating the composition including the
polymer. In this embodiment, the composition including the
polymer may include a solvent. The composition including
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the solvent may be, for example, an ink composition used in
ink-jet printing, or a film-forming composition used in spin
coating, but embodiments of the present disclosure are not
limited thereto. The solvent included in the composition
including the polymer is not limited as long as the solvent
can dissolve the polymer, and may be appropriately selected
according to the polymer. For example, the solvent may
include tolyene, xylene, diethyl ether, chloroform, ethyl
acetate, dichloromethane, tetrahydrofuran, acetone, acetoni-
trile, N,N-dimethylformamide, dimethylsulfoxide, anisole,
hexamethylphosphoric acid triamide, 1,2-dichloro ethane,
1,1,2-trichloroethane, chlorobenzene, o-dichlorobenzene,
dioxane, cyclohexane, n-haptane, n-hexane, n-heptane,
n-octane, n-nonane, n-decane, methylethyl ketone, cyclo-
hexanone, butyl acetate, ethyl cellosolve acetate, ethylene
glycol, ethylene glycol monobutyl ether, ethylene glycol
monoethyl ether, ethylene glycol monoethyl ether, dime-
thoxyethane, propylene glycol, diethoxy methane, triethyl-
ene glycol monoethyl ether, glycerin, 1,2-hexanediol,
methanol, ethanol, propanol, isopropanol, cyclohexanol, and
N-methyl-2-pyrrolidone, but embodiments of the present
disclosure are not limited thereto. For example, the concen-
tration of the polymer in the composition may be in a range
of about 0.1 wt % to about 10 wt %, for example, about 0.5
wt % to about 5 wt %, by taking into account coatability, but
embodiments of the present disclosure are not limited
thereto.

[0306] Also, a method of forming layers other than the
layer including the polymer is not particularly limited. The
layers other than the layer including the polymer may be
formed by, for example, vacuum deposition or solution
coating.

[0307] The substrate 110 may be any suitable substrate
generally used in organic light-emitting devices. For
example, the substrate 110 may be a glass substrate, a silicon
substrate, or a transparent plastic substrate, but embodiments
of the present disclosure are not limited thereto.

[0308] The first electrode 120 is formed on the substrate
10. In an embodiment, the first electrode 120 may be an
anode. The first electrode 120 may include a material with
a high work function selected from a metal, an alloy, and a
conductive compound.

[0309] For example, the first electrode 120 may be formed
as a transparent electrode including indium tin oxide
(In,0,—Sn0,: ITO), indium zinc oxide (In,O;—7n0), tin
oxide (SnQO,), or zinc oxide (ZnO), each having excellent
transparency and conductivity. The first electrode 120 may
be formed as a reflective electrode by laminating magnesium
(Mg), aluminum (Al), or the like on the transparent elec-
trode.

[0310] The hole injection layer 130 is formed on the first
electrode 120. The hole injection layer 130 facilitates hole
injection from the first electrode 120. The hole injection
layer 130 may be formed to a thickness of about 10
nanometers (nm) to about 1,000 nm, for example, about 10
nm to about 100 nm.

[0311] The hole injection layer 130 may include a known
material, for example, poly(ether ketone)-containing triph-
enylamine (TPAPEK), 4-isopropyl-4'-methyldiphenyliodo-
nium tetrakis(pentafluorophenyl)borate (PPBI), N,N'-diphe-
nyl-N,N'-bis-[4-(phenyl-m-tolylamino)-phenyl]-biphenyl-4,
4'-diamine (DNTPD), phthalocyanine compound such as
copper phthalocyanine, 4,4',4"-tris(3-methylphenyl phe-
nylamino)triphenylamine (m-MTDATA), N,N'-di(1-naph-
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thyl)-N,N'-diphenylbenzidine ~ (NPB), 4,4'4"-tris{N,N-
diphenylamino }trisphenylamine (TDATA), 4,4',4"-tris(N,N-
2-naphthylphenylamino)triphenylamine (2-TNATA),
polyaniline/dodecylbenzene sulfonic acid (PANI/DBSA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrene sulfonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (PANI/
CSA), and polyaniline)/poly(4-styrene sulfonate) (PANI/
PSS).

[0312] The hole transport layer 140 may be formed on the
hole injection layer 130. The hole transport layer 140
transports hole and may be formed to a thickness of about 10
nm to about 150 nm. Also, the hole transport layer 140 may
include the polymer. The hole transport layer 140 may be
formed by providing the polymer by solution coating.
According to the above method, a film may be efficiently
formed to a large area by using the polymer capable of
improving the current efficiency (further, operation lifespan)
of the organic light-emitting device 100.

[0313] However, when other organic layers except that the
hole transport layer 140 in the organic light-emitting device
100 include the polymer according to the embodiment, the
hole transport layer 140 may include a known hole transport
material. Examples of the known hole transport material
include 1,1-bis[(di-4-tolylamino )phenyl]cyclohexane
(TAPC), a carbazole derivative such as N-phenylcarbazole
or polyvinylcarbazole, N,N'-bis(3-methylphenyl)-N,N'-di-
phenyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4'4"-tris(N-
carbazolyljtriphenylamine (TCTA), N,N'-bis(naphthalen-2-
yl)-NN'-bis(phenyl)-benzidine (NPB), and poly(9,9-
dioctyl-fluorene-co-N-(4-butylphenyl)-diphenylamine
(TFB).

[0314] The emission layer 150 is formed on the hole
transport layer 140. The emission layer 150 emits light such
as phosphorescence or fluorescence, and may be formed on
the hole transport layer 140 by using vacuum deposition,
spin coating, or ink-jet printing. The emission layer 150 may
be formed to a thickness of about 10 nm to about 60 nm. The
emission layer 150 includes a known light-emitting material.
For example, the emission layer 150 may include a light-
emitting material capable of emitting light from triplet
excitons (that is, emission by photoluminescence). In this
embodiment, the driving lifespan of the organic light-emit-
ting device 100 may be further improved.

[0315] The emission layer 150 may include, for example,
a carbazole compound, a dicarbazole compound, a biscar-
bazole compound, a dibenzofuran compound, a spiro-bif-
luorene compound, a triazine-containing compound, an
amine compound, and a polymer including these compounds
as a substructure. For example, the emission layer 150 may
further include 9,9'-diphenyl-3,3'-bi[9H-carbazole], tris(8-
quinolinato)aluminium (Alq,), 4,4'-bis(carbazol-9-y1)biphe-
nyl (CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naphtha-
lene)anthracene (ADN), 4,4' 4"-tris(N-carbazolyl)
triphenylamine (TCTA), 1,3,5-tris(N-phenyl-benzimidazol-
2-yl)benzene (TPBi), 3-tert-butyl-9,10-di(naphth-2-yI)
anthracene (TBADN). distyrylarylene (DSA), 4,4'-bis(9-
carbazole)-2,2'-dimethyl-bipheny (dmCBP), Compound
h-1, or Compound h-2.

Jun. 28,2018

Compound h-1

N

D20
O

N
s

()
(

{ M

Compound h-2

90
@\(y\

N/

C

O
8

&

[0316] Also, the emission layer 150 is not particularly
limited, and may include any compound dopant material as
long as the compound is capable of emitting fluorescence
and phosphorescence. For example, the emission layer 150
may include a dye compound, an iridium complex, a plati-
num complex, and the like. For example, the emission layer
150 may include perylene and a derivative thereof, rubrene
and a derivative thereof, coumarin and a derivative thereof,
4-dicyanomethylene-2-(p-dimethylaminostyryl)-6-methyl-

4H-pyran (DCM) and a derivative thereof, an iridium com-
plex such as bis[2-(4,6-difluorophenyl)pyridinate]picoli-
nateiridium(IIT) (Flrpic), bis(1-phenylisoquinoline)
(acetylacetonate)iridium(IIl)  (Ir(piq),(acac)),  tris(2-
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phenylpyridine) iridium(IIT) (Tr(ppy),), or tris(2-(3-p-xylyl)
phenyl)pyridine iridium(III) (dopant), an osmium complex,
and a platinum complex.

[0317] The electron transport layer 160 is formed on the
emission layer 150. The electron transport layer 160 trans-
ports electrons and may be formed by using vacuum depo-
sition, spin coating, or ink-jet printing. The electron trans-
port layer 160 may be formed to a thickness of, for example,
about 15 nm to about 50 nm.

[0318] The electron transport layer 160 may include a
known electron transport material. Examples of the known
electron transport material include tris(8-quinolinato) alu-
minium (Alg,) and a compound having a nitrogen-contain-
ing aromatic ring. Specific examples of the compound
having the nitrogen-containing aromatic ring include a com-
pound including a pyridine ring such as 1,3,5-tri[ (3-pyridyl)-
phen-3-yl]benzene, a compound including a triazine ring
such as 2.4,6-tris(3'-(pyridin-3-yl)biphenyl-3-y1)-1,3,5-tri-
azine, a compound including an imidazole ring such as
2-(4-(N-phenylbenzimidazolyl-1-yl-pheny1)-9,10-dinaphth-
ylanthracene, and 1,3,5-tris(N-phenyl-benzimidazol-2-yl)
benzene (TPBi). Alternatively. as an electron transport mate-
rial, a commercially available item may be used. Examples
of the commercially available item may include KLET-01,
KLET-02, KLET-03, KLET-10, and KLET-M1 (available
from Chemipro Kasei Corporation).

[0319] The electron injection layer 170 is formed on the
electron transport layer 160. The electron injection layer 170
facilitates electron injection from the second electrode 180,
and may be formed by using vacuum deposition. The
electron injection layer 170 may be formed to a thickness of
about 0.3 nm to about 9 nm. The electron injection layer 170
may include a known electron injection material. For
example, the electron injection layer 170 may include a
lithium compound such as (8-hydroxyquinolinato)lithium
(LiQ) and lithium fluoride (LiF), sodium chloride (NaCl),
cesium fluoride (CsF), lithium oxide (Li,0), or barium oxide
(BaO).

[0320] The second electrode 180 is formed on the electron
injection layer 170. For example, the second electrode 180
may be a cathode, and include a material with a low work
function selected from a metal, an alloy, and a conductive
compound. For example, the second electrode 180 may be
formed as a reflective electrode including a metal such as
lithium (Li), magnesium (Mg), aluminum (Al), or calcium
(Ca) or an alloy such as aluminum-lithium (Al—Li), mag-
nesium-indium (Mg—In), or magnesium-silver (Mg—Ag).
Alternatively, the second electrode 180 may be formed as a
transparent electrode having a thickness of about 20 nm or
less and including a metal or alloy thin film, a transparent
conductive film such as indium tin oxide (In,O;—Sn0O,) and
indium zine oxide (In,0,—7n0), and the like.

[0321] While not wishing to be bound by theory, it is
understood that since the organic light-emitting device 100
according to the embodiment has the organic layer including
the polymer, the current density (further, operation lifespan)
thereof will be improved.

[0322] Also, the stacked structure of the organic light-
emitting device 100 according to the embodiment is not
limited to the above-described examples. The organic light-
emitting device 100 according to the embodiment may be
formed to have another known stacked structure. For
example, in the organic light-emitting device 100, at least
one of the hole injection layer 130, the hole transport layer
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140, the electron transport layer 160, and the electron
injection layer 170 may be omitted. Also, the organic
light-emitting device 100 may further include other layers.
Each layer of the organic light-emitting device 100 may be
a single layer or a multi-layer.

[0323] In order to prevent diffusion of triplet excitons or
holes to the electron transport layer 160, the organic light-
emitting device 100 may further include a hole blocking
layer between the hole transport layer 140 and the emission
layer 150. The hole blocking layer may be formed using, for
example, an oxadiazole derivative a triazole derivative, or a
phenanthroline derivative.

[0324] On the other hand, the polymer compound accord-
ing to the embodiment may be applied to the quantum-dot
light-emitting devices and organic and inorganic perovskite
light-emitting devices as electroluminescent devices other
than the organic light-emitting device.

[0325] The quantum-dot light-emitting device may be
manufactured by forming a quantum-dot emission layer
instead of the emission layer 150 of the organic light-
emitting device 100.

[0326] The quantum-dot emission layer includes a plural-
ity of quantum dots (inorganic nanoparticles) arranged in a
single layer or multiple layers. The quantum dot means
particles of a predetermined size having a quantum confine-
ment effect. A diameter of the quantum dot is not particularly
limited, but may be in a range of, for example, about 1 nm
to about 10 nm.

[0327] The quantum dots arranged in the quantum-dot
emission layer may be synthesized by a wet chemical
process, an organometallic chemical vapor deposition pro-
cess, a molecular beam epitaxy process, or a similar process.
[0328] The wet chemical process is a method in which a
precursor material is added to an organic solvent to grow
grain crystals. When the crystal grows, since the organic
solvent naturally acts as a dispersant coordinated to the
surface of the quantum dot crystal and controls the growth
of the crystal, it is possible to control the growth of inorganic
nanoparticles through a process that is easier and less
expensive than a vapor deposition method such as metal
organic chemical vapor deposition (MOCVD) or molecular
beam epitaxy (MBE). Since the energy band gap can be
controlled by adjusting the size of the quantum dot, light of
various wavelength ranges can be obtained in the quantum-
dot emission layer. Therefore, a display that emits light of
various wavelengths can be realized by using quantum dots
of different sizes. For example, the size of the quantum dot
can be selected to emit red, green and blue light so as to
implement a color display. In addition, the size of the
quantum dot can be configured to emit white light by
combining light of various colors.

[0329] In an embodiment, the quantum dot may include a
semiconductor material selected from group II-VI semicon-
ductor compounds, group 1lI-V semiconductor compounds,
group IV-VI semiconductor compounds, group IV elements
or compounds, a combination thereof.

[0330] For example, the group II-VI semiconductor com-
pounds may be selected from: a 2-element compound
selected from CdSe, CdTe, ZnS, ZnSe, ZnTe, ZnO, HgS,
HgSe, HgTe, and a mixture thereof; a 3-element compound
selected from CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe,
ZnSTe, HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe, CdZnTe,
CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe, HgZnTe, and
a mixture thereof; and a 4-element compound selected from
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CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS, CdHgSeTe,
CdHgSTe, HgZnSeS, HgZnSeTe, HgZnSTe, and a mixture
thereof, but embodiments of the present disclosure are not
limited thereto.

[0331] For example, the group 11I-V semiconductor com-
pounds may be selected from: a 2-element compound
selected from GaN, GaP, GaAs, GaSb, AIN, AIP, AlAs,
AlSb, InN, InP, InAs, InSbh, and a mixture thereof; a 3-el-
ement compound selected from GaNP, GaNAs, GaNSbh,
GaPAs, GaPSb, AINP, AINAs, AINSb, AIPAs, AIPSb, InNP,
InNAs, InNSb, InPAs, InPSb, GaAINP, and a mixture
thereof; and a 4-element compound selected from GaAl-
NAs, GaAINSb, GaAIPAs, GaAIPSb, GalnNP, GalnNAs,
GalnNSb, GalnPAs, GalnPSb, InAINP, InAINAs, InAINSb,
InAIPAs, InAIPSb, and a mixture thereof, but embodiments
of the present disclosure are not limited thereto.

[0332] For example, the group IV-VI semiconductor com-
pounds may be selected from: a 2-element compound
selected from SnS, SnSe, SnTe, PbS, PbSe, PbTe, and a
mixture thereof; a 3-element compound selected from
SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe, PbSTe, SnPbS,
SnPbSe, SnPbTe, and a mixture thereof, and a 4-element
compound selected from SnPbSSe, SnPbSeTe, SnPbSTe,
and a mixture thereof, but embodiments of the present
disclosure are not limited thereto.

[0333] For example, the group IV elements or compounds
may be selected from: a single element compound selected
from Si, Ge, and a mixture thereof; and a 2-element com-
pound selected from SiC, SiGe, and a mixture thereof, but
embodiments of the present disclosure are not limited
thereto.

[0334] On the other hand, the quantum dot may have a
uniform single structure or a core-shell double structure. For
example, the core and the shell may include different mate-
rials. For example, materials constituting the core and the
shell may be different semiconductor compounds. However,
an energy band gap of the material constituting the shell may
be larger than an energy band gap of the material constitut-
ing the core.

[0335] Hereinafter, the case of manufacturing the quantum
dot having a structure including a core (CdSe) and a shell
(ZnS) will be described.

[0336] First, crystals are generated by injecting a precur-
sor material such as (CH,),Cd(dimethylcadmium)TOPSe
(trioctylphosphine selenide) in an organic solvent using
trioctylphosphine oxide (TOPO) as a surfactant. At this time,
in order to grow the crystals to a constant size, the shell is
formed on the surface of the already formed core by inject-
ing the precursor material of the shell (ZnS) while being
maintained for a predetermined time at a high temperature.
As a result, the quantum dot having a sealed CdSe/ZnS in
TOPO may be manufactured.

[0337] While the present disclosure has been described
with reference to the accompanying drawings, the present
disclosure is not limited thereto. It will be understood by
those of ordinary skill in the art that various modifications in
forms and details can be made thereto without departing
from the spirit and scope of the present disclosure as defined
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in the appended claims. It is understood that various changes
and modifications are within the technical scope of the
present disclosure.

[0338] Hereinafter, the polymer and the organic light-
emitting device including the polymer according to embodi-
ments will be described in detail with reference to Synthesis
Examples and Comparative Examples. Examples described
below are provided as examples only, and the polymer and
the organic light-emitting device according to embodiments
are not limited by Examples provided below.

[0339] Further, in Examples provided below, unless oth-
erwise indicated, the operation was carried out at room
temperature (25° C.). Also, unless otherwise indicated, “%”
and “parts” refer to “% by mass” and “parts by weight”,
respectively.

EXAMPLES

Synthesis Example 1: Synthesis of Compound 1

[0340] Compound 1 was synthesized according to the
Reaction Scheme below.
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[0341] 8.08 grams (g) (20.0 millimoles, mmol) of 1,4-
dihexyl-2,5-dibromobenzene, 12.19 g (48.0 mmol) of bis
(pinacolatodiboron), 0.98 g (1.2 mmol) of 1,1'-bis(diphenyl-
phosphino)ferrocene|palladium(IT), 11.78 g (120.0 mmol) of
potassium acetate, and 100 milliliters (ml) of dioxane were
added to a reaction vessel in an argon atmosphere, and the
mixture was stirred for 6 hours under reflux. Toluene and
water were added thereto, and the toluene layer was sepa-
rated and washed with water. Sodium sulfate and activated
charcoal were added thereto, and the dried solution was
filtered through Celite (registered trademark). The filtrate
obtained therefrom was concentrated to obtain 11.94 g of a
crude compound. The obtained product was recrystallized
with hexane, and the crystals were washed with methanol.
The obtained crystals were dried under reduced pressure to
obtain 4.23 g of Compound 1. The structure of the obtained
compound 1 was identified by 1H-NMR.

[0342] 1H-NMR (300 MHz, CDCl,):  7.59 (bd, 2H), 2.88
(t, 4H), 1.62 (m, 4H), 1.421.39 (bd, 36H), 0.95 (t, 6H).
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Synthesis Example 2: Synthesis of Compound

[0343] Compound 2 was synthesized according to the
Reaction Scheme below:
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[0344] 22.7 g (70.0 mmol) of 2,7-dibromofluorene, 21.9 g
(147.0 mmol) of 5-bromo-1-pentene, 16.7 g (297.6 mmol) of
potassium hydroxide, 1.2 g (7.2 mmol) of potassium iodide,
and 170 ml of dimethylsulfoxide were added to a reaction
vessel in an argon atmosphere, and the mixture was allowed
to react for 4 hours at a temperature of 80° C. After the
reaction was completed, the reaction mixture was cooled to
room temperature. Then, 300 ml of water and 300 ml of
toluene were added thereto. The toluene layer was separated
and washed five times by using 300 ml of saturated brine.
The organic layer obtained therefrom was dried by using
sodium sulfate, and the solvent was distilled off. Then, the
residue obtained therefrom was purified by column chroma-
tography and recrystallized to obtain 24.1 g of Compound 2.
The structure of the obtained Compound 2 was identified by
1H-NMR.

[0345] 1H-NMR (270 MHz, CDCl,): & 7.537.44 (m, 6H),
5.56 (m, 2H), 4.85 (d, 4H), 1.93 (m, 4H), 1.83 (m, 4H), 0.69
(t, 4H).

Synthesis Example 3: Synthesis of Compound 3

[0346] 1) Synthesis of Compound 3-1
[0347] Compound 3-1 was synthesized according to the
Reaction Scheme below.
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n-BulLi
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31
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[0348] 4.1 g (22.4 mmol) of 3-bromobenzocyclobutane
and 69 ml of tetrahydrofuran were added to a reaction vessel
in an argon atmosphere and cooled to -78° C. in a dry
ice-methanol bath. 16.9 ml of n-BuLi was added thereto, and
the mixture was stirred for 2 hours. A solution containing 4.1
g of methyl 4,4'-dibromo-[1,1'-biphenyl]-2-carboxylic acid
ester dissolved in 12 ml of tetrahydrofuran was added
dropwise thereto. The reaction mixture was stirred at a
temperature of =78° C. for 2 hours and then further stirred
at room temperature for 4 hours. 50 ml of water was slowly
added thereto while the reaction mixture was cooled in an
ice bath. Then, the reaction mixture was transferred to a
separatory funnel and washed twice with 30 m1 of water. The
organic layer obtained therefrom was dried by using mag-
nesium sulfate, and a solid obtained therefrom was filtered
and a solution was concentrated to obtain 4.1 g of Interme-
diate 3-1.

[0349]

[0350] Compound 3 was synthesized according to the
Reaction Scheme below.
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2) Synthesis of Compound 3

BF,0OFt,
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[0351] 4.1 g (7.51 mmol) of Intermediate 3-1 and 120 ml
of chloroform were added to a reaction vessel in an argon
atmosphere, and the solution was cooled to 0° C. in an ice
bath. Then, 1.0 ml of BF;.Et,0 was added. After the reaction
mixture was stirred for 1 hour, 1.0 ml of BF;.E,0 was
added thereto, and the reaction mixture was stirred for 1
hour and further stirred at room temperature for 5 hours. 100
ml of water was added thereto, and the mixture was stirred
and transferred to a separatory funnel. The organic layer was
extracted therefrom three times by using 50 ml of chloro-
form. The combined extracted organic layers were dried by
using sodium sulfate, a solution was concentrated, and 30 ml
of chloroform was added thereto. Crystals were obtained by
adding 300 ml of methanol thereto while heating under
reflux, and the obtained crystals were filtered. The crystals
were added to 20 ml of chloroform and heated, and 200 ml
of methanol was added thereto, and the mixture was stirred
at room temperature for 2 hours. The generated crystals were
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filtered and dried to obtain 2.0 g of Compound 3. The
structure of the obtained Compound 3 was identified by
1H-NMR.

[0352] 1H-NMR (300 MHz, CDCl,): 6 7.56 (d, 2H), 7.49
(d, 2H), 7.45 (dd, 2H), 7.01 (d, 2H), 6.92 (d, 2H), 6.81 (s,
2H), 3.11 (s, 4H).

Synthesis Example 4: Synthesis of Compound 4

[0353] 1) Synthesis of Compound 4-1

[0354] Compound 4-1 was synthesized according to the
Reaction Scheme.
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[0355] 15.00 g (29.04 mmol) of 2-amino-N-[(1,1'-biphe-
nyl)-4-y1]-N-(4-bromophenyl)-9,9-dimethylfluorene, 7.66 g
(26.14 mmol) of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lane-2-yl)carbazole, 0.41 g (0.58 mmol) of bis(triphenyl-
phosphine)palladium(Il)dichloride, 7.70 g (72.61 mmol) of
sodium carbonate, 290 ml of dioxane, and 145 ml of water
were added to a reaction vessel in an argon atmosphere, and
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the mixture was stirred at a temperature of 85° C. for 4
hours. After the reaction was completed, the reaction mix-
ture was cooled to room temperature, and filtered through
Celite (registered trademark). The solvent was distilled off,
and the residue was purified by column chromatography to
obtain 12.7 g of Compound 4-1.

[0356] 2) Synthesis of Compound 4

[0357] Compound 4 was synthesized according to Reac-
tion Scheme below:

G0 N+
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[0358] 7.00 g (11.6 mmol) of Compound 4-1, 4.62 g
(12.77 mmol) of 1,3-dibromo-5-iodine benzene, 0.11 g (0.58
mmol) of copper(]) iodide, 0.29 g (2.55 mmol) of trans-1,
2-cyclohexanediamine, 2.23 g (23.23 mmol) of sodium
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tert-butoxide, and 35 ml of dioxane were added to a reaction
vessel in an argon atmosphere, and the mixture was stirred
at a temperature of 90° C. for 6 hours. After the reaction was
completed, the mixture was cooled to room temperature and
filtered through Celite (registered trademark). The solvent
was distilled off, and the residue was purified by column
chromatography to obtain 6 g of Compound 4. The structure
of the obtained Compound 4 was identified by 1H-NMR.

Br Br

~

o S0
CJ
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[0359] 1H-NMR (300 MHz, CD,CL): $8.38 (d, 1H), 8.19
(dt, 1), 7.81 (t, 1H1), 7.78 (d, 2H), 7.70~7.20 (m, 241}, 7.14
(dd, 1H), 1.48 (s, 6H).

Synthesis Example 5: Synthesis of Compound 5

[0360] Compound 5 was synthesized according to the
Reaction Scheme below.
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[0361] 4.00 g (4.78 mmol) of Compound 4, 3.64 g (14.34
mmol) of bis(pinacolato)diboron, 2.82 g (28.69 mmol) of
potassium acetate, 0.11 g (0.13 mmol) of [bis(diphenylphos-
phino)ferrocene]dichloropalladium, and 50 ml of dioxane
were added to a reaction vessel in an argon atmosphere, and
the mixture was stirred at a temperature of 90° C. for 6
hours. After the reaction was completed, the mixture was
cooled to room temperature and filtered through Celite
(registered trademark). The solvent was distilled off, and the
residue was purified by column chromatography to obtain 3
g of Compound 5. The structure of the obtained Compound
5 was identified by 1H-NMR.

[0362] 1H-NMR (300 MHz, CD,CL,): 8 8.30 (s, 1H), 8.29
(t, 1H), 8.22 (d, 1H), 8.07 (d, 2H), 7.70~7.0 (m, 25H), 7.14
(dd, 1H), 1.48 (s, 6H), 1.38 (s, 24H).

Synthesis Example 6: Synthesis of Compound 6

[0363] Compound 6 was synthesized according to the
Reaction Scheme below.

0 O
\ /
B—B
/ \
0 ]

PACLy{dppf)

KOAc
Br Br >
dioxane

?[‘F

(@]
[ =
X
S8
ﬁ

[0364] 11.00 g (20.0 mmol) of 2,7-dibromo-9,9-dioctyl-
fluorene, 12.19 g (48.0 mmol) of bis(pinacolatodiboron),
0.98 g (1.2 mmol) of 1,1"-bis(diphenylphosphino) ferrocene]
palladium(Il), 11.78 g (120.0 mmol) of potassium acetate,
and 100 ml of dioxane were added to a reaction vessel in an
argon atmosphere, and the mixture was stirred for 6 hours
under reflux. Toluene and water were added thereto, and the
toluene layer was separated and washed with water. Sodium
sulfate and activated charcoal were added thereto, and the
dried solution was filtered through Celite (registered trade-
mark). The filtrate obtained therefrom was concentrated to
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obtain 11.9 g of a crude compound. The obtained product
was recrystallized with hexane, and the crystals were
washed with methanol. The obtained crystals were dried
under reduced pressure to obtain 9.8 g of Compound 6.

Synthesis Example 7: Synthesis of Compound 7

[0365] 1) Synthesis of Compound 7-1
[0366] Compound 7-1 was synthesized according to the
Reaction Scheme below.

NH

Boc Pdy(dba)s
N P(tBu);HBF4
tBuONa
B ——
Q O toluene

Br

S
g

Boce
7-1

[0367] 15.00 g (61.19 mmol) of N-phenyl-[1,1'-biphenyl]-
4-amine, 21.19 g (61.19 mmol) of tert-butyl-3-bromo-9H-
carbazole-9-carboxylic acid ester, 2.8 g (3.06 mmol) of
tris(dibenzylidene acetone)dipalladium(0), 0.53 g (1.84
mmol) of tri-tert-butyl phosphonium tetrafluoroborate, 7.06
g (73.43 mmol) of sodium tert-butoxide, and 400 ml of
toluene were added to a reaction vessel in an argon atmo-
sphere, and the mixture was stirred at a temperature of 110°
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C. for 6 hours. After the reaction was completed, the reaction
mixture was cooled to room temperature and filtered through
Celite (registered trademark). The solvent was distilled off,
and the residue was purified by column chromatography to
obtain 25 g of Compound 7-1.

[0368]

[0369] Compound 7-2 was synthesized according to the
Reaction Scheme below.

2) Synthesis of Compound 7-2

Boe
7-1

7-2

[0370] 10.2 g (20 mmol) of Compound 7-1, 100 ml of
1,4-dioxane, and 10 ml of hydrochloric acid were added to
a reaction vessel in an argon atmosphere, and the mixture
was stirred at a temperature of 80° C. for 2 hours. The
reaction solution was concentrated, 300 ml of toluene was
added thereto and neutralized by saturated aqueous sodium
hydrogen carbonate solution to separate the organic layer.
The obtained organic layer was concentrated, and the resi-
due was purified by column chromatography to obtain 6.5 g
of Compound 7-2.
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[0371]

[0372] Compound 7-3 was synthesized according to the
Reaction Scheme below.

3) Synthesis of Compound 7-3

N
H
7-2
Csliy7 CgHy7 Cul
DACyHx
tBuONa
—_—

dioxane

O CgHyy
Csll1y

Br

[0373] 8.00 g (19.49 mmol) of Compound 7-2, 12.76 g
(21.44 mmol) of 2-bromo-7-iodine-9,9-dioctylfluorene, 0.19
g (0.97 mmol) of copper(l) iodine, 0.49 g (4.29 mmol) of
trans-1,2-cyclohexanediamine, 3.75 g (38.97 mmol) of
sodium tert-butoxide, and 60 ml of dioxane were added to a
reaction vessel in an argon atmosphere, and the mixture was
stirred at a temperature of 90° C. for 6 hours. After the
reaction was completed, the mixture was cooled to room
temperature and filtered through Celite (registered trade-
mark). The solvent was distilled off, and the residue was
purified by column chromatography to obtain 8 g of Com-
pound 7-3.
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[0374] 4) Synthesis of Compound 7-4
[0375] Compound 7-4 was synthesized according to the
Reaction Scheme below.

48
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[0376] 8.00 g (9.11 mmol) of Compound 7-3, 3.47 ¢
(13.67 mmol) of bis(picolatoboron)diboron, 2.68 g (27.33
mmol) of potassium acetate, 0.1 g (0.13 mmol) of [bis
(diphenyl phosphino)ferrocene]dichloropalladium, and 90
ml of dioxane were added to a reaction vessel in an argon
atmosphere, and the mixture was stirred at a temperature of

CgHy7
CgHy7
B\O

90° C. for 6 hours. After the reaction was completed, the
mixture was cooled to room temperature and filtered through
Celite (registered trademark). The solvent was distilled off,
and the residue was purified by column chromatography to

obtain 6 g of Compound 7-4.
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[0377]

[0378] Compound 7 was synthesized according to the
Reaction Scheme below.

5) Synthesis of Compound 7

n
CsHy7
CeHy7
B
(6]
/
O
74
Br Br  Pd(PPhy),
Na2C03
_—
dioxane
H,0
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[0379] 6.00 g (6.49 mmol) of Compound 7-4, 2.82 g (7.78
mmol) of 1,3-dibromo-5-iodine benzene, 0.23 g (0.19
mmol) of tetrakis(triphenylphosphine)palladium(0), 2.06 g
(19.46 mmol) of sodium carbonate, 78 ml of dioxane, and 39
ml of water were added to a reaction vessel in an argon
atmosphere, and the mixture was stirred at a temperature of
85° C. for 4 hours. After the reaction was completed, the
mixture was cooled to room temperature and filtered through
Celite (registered trademark). The solvent was distilled off,
and the residue was purified by column chromatography to
obtain 4 g of Compound 7.

Synthesis Example 8: Synthesis of Compound 8

[0380]

[0381] Compound 8-1 was synthesized according to the
Reaction Scheme below.

1) Synthesis of Compound 8-1

PdCl,(dppf)
KOAc

AL
1 U

A
- [

[0382] 12.00 g (26.70 mmol) of 9-(bicyclo[4.2.0]octa-1
(6)2,4-trien-3-y1)-9-(bicyclo[4.2.0]octa-1,3,5-trien-3-y1)-2-
bromo-9H-fluorene, 10.17 g (40.05 mmol) of pinacol dibo-
ran, 031 g (0.37 mmol) of PdCL, (dppf).CH,Cl,, 7.86 g
(80.11 mmol) of potassium acetate were added to a 300-ml
three-neck flask in an argon atmosphere, and the flask was
filled with argon. 267 ml of dehydrated 1,4-dioxane was
added to the flask and the mixture was stirred at a tempera-
ture of 100° C. for 1 hour. After the reaction was completed,
the mixture was cooled to room temperature and filtered
through Celite (registered trademark). 10 g of activated
charcoal was added to a filtrate, and the mixture was stirred
at a temperature of 100° C. for 1 hour. The activated
charcoal was removed by using Celite, and the filtrate was
concentrated. The obtained solid was washed with 30 ml of
acetonitrile at room temperature to obtain 10 g of Compound
8-1.

dioxane
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[0383] 2) Synthesis of Compound 8
[0384] Compound 8 was synthesized according to the
Reaction Scheme below.

S
A U

Br. Br Pd(PPh3)4

NazCO3
—_—
dioxane
H,O0

bagde
T U

[0385] 10.00 g (20.14 mmol) of Compound 8-1, 7.29 g
(20.14 mmol) of 1,3-dibromo-5-iodine benzene, 0.70 g (0.60
mmol) of tetrakis(triphenylphosphine)palladium(0), 6.41 g
(60.43 mmol) of sodium carbonate, 240 ml of dioxane, and
120 ml of water were added to a reaction vessel in an argon
atmosphere, and the mixture was stirred at a temperature of
85° C. for 4 hours. After the reaction was completed, the
mixture was cooled to room temperature and filtered through
Celite (registered trademark). The solvent was distilled off,
and the residue was purified by column chromatography to
obtain 7 g of Compound 8.

Synthesis Example 9: Synthesis of Compound 9

[0386] Compound 9 was synthesized according to the
Reaction Scheme below.

T g0
‘3
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[0387] 7.00 g (11.6 mmol) of Compound 4-1, 3.04 g (12.0
mmol) of 1,4-dibromo-2-fluorobenzene, and 100 ml of
N-methylpyrrolidone (NMP) were added to a reaction vessel
in an argon atmosphere, and the mixture was stirred at room
temperature. 0.478 g (content: 60%, 12.0 mmol) of sodium
hydride was added thereto and mixed. The mixture was
stirred at a temperature of 180° C. for 5 hours. After the
reaction was completed, the mixture was cooled to room
temperature. 100 ml of toluene was added thereto, and the
mixture was transferred to a separatory funnel and washed
three times with 100 ml of water. The solvent was distilled
off, and the residue was purified by column chromatography
to obtain 6.08 g of Compound 9.

Synthesis Example 10: Synthesis of Compound 10

[0388] 1) Synthesis of Compound 10-1

[0389] Compound 10-1 was synthesized according to the
Reaction Scheme below.
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-continued
Br
I
Br
N

10-1

[0390] 7.04 g (19.49 mmol) of 2-(2-phenyl-yl)amino-9,9-
dimethylfluorene (manufactured by Tokyo Chemical Indus-
try Co., Ltd.), 6.06 g (21.44 mmol) of 1-bromo-4-iodine
benzene, 0.19 g (0.97 mmol) of silver (T) iodide, 0.49 g (4.29
mmol) of trans-1,2-cyclohexanediamine, 3.75 g (38.97
mmol) of sodium tert-butoxide, 60 ml of dioxane were
added to a reaction vessel in an argon atmosphere. The
reaction mixture was stirred at a temperature of 90° C. for
6 hours. After the reaction was completed, the reaction
mixture was cooled to room temperature. Then, impurities
were filtered through Celite (registered trademark) and dis-
carded. The solvent was distilled off, and the residue was
purified by column chromatography to obtain 7.24 g of
Compound 10-1.

[0391] 2) Synthesis of Compound 10-2

[0392] Compound 10-2 was synthesized according to the
Reaction Scheme below.

o 0

Pd(PPhg)w/Na2C03
B—0 HZO/dloxane
o)
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-continued

jsan]

10-2

[0393] 15.00 g (29.04 mmol) of Compound 10-1, 7.66 g
(26.14 mmol) of 3-(4,4,5,5,-tetramethyl-1,3,2-dioxabolane-
2-yl)carbazole, 0.41 g (0.58 mmol) of bis(triphenylphos-
phine)palladium(Il) dichloride, 7.70 g (72.61 mmol) of
sodium carbonate, 290 ml of dioxane, and 145 ml of water
were added to a reaction vessel in an argon atmosphere, and
the mixture was stirred. The mixture was stirred at a tem-
perature of 85° C. for 4 hours. After the reaction was
completed, the reaction mixture was cooled to room tem-
perature. The impurities were filtered through Celite (reg-
istered trademark) and discarded. The solvent was distilled
off, and the residue was purified by column chromatography
to obtain 10.7 g of Compound 10-2.

[0394]

[0395] Compound 10 was synthesized according to the
Reaction Scheme below.

N .o

Say

10-2

Br
Cul/trans-1,2-cyclohexanediamine
t-BuONa
dioxane -

3) Synthesis of Compound 10
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0396] 7.00 g (11.6 mmol) of Compound 10-2, 4.62 %
12.77 mmol) of 1,3-dibromo-5-iodine benzene, 0.11 g (0.5
mmol? of silver (I) iodide, 0.29 g (2.55 mmol) of trans-1,
2-cyclohexanediamine, 2.23 g (23.23 mmol) of sodium
tert-butoxide, and 35 ml of dioxane were additionally mixed
in a reaction vessel in an argon atmosphere. The mixture was
stirred at a temperature of 90° C. for 6 hours. After the
reaction was completed, the mixture was cooled to room
temperature. Then, impurities were filtered through Celite
(registered trademark) and discarded. The solvent was dis-
tilled off, and the residue was purified by column chroma-

tography to obtain 5.2 g of Compound 10.

Synthesis Example 11: Synthesis of Polymer A-1

[0397] Polymer A-1 having the following constituent units
was synthesized by using Compound 1, Compound 2, Com-
pound 3, and Compound 4.

Cell3

&

CeHi3

be

0 /
Q30

O
O
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[0398] 1.96 g of Compound 1, 0.184 g of Compound 2,
0.211 g of Compound 3, 2.576 g of Compound 4, 4.3 mg of
palladium acetate, 27.0 mg of tris(2-methoxyphenyl)phos-

phine, 55 mL of toluene, and 15.2 g of 20 percent by weight
(wt %) tetraethyl ammonium hydroxide aqueous solution

= 50/40/5/5

(15.2 g) were added in an argon atmosphere, and the mixture
was stirred for 8 hours under reflux. Then, 0.023 g of
phenylboronic acid, 4.3 mg of palladium acetate, 27.0 mg of
tris(2-methoxyphenyl)phosphine, and 15.2 g of 20 wt %
tetraethyl ammonium hydroxide aqueous solution were
added thereto, and the mixture was stirred for 7 hours under
reflux. The aqueous layer was removed, 5.4 g of N,N-
diethyldithiocarbamate sodium trihydrate and 50 mL of
ion-exchange water were added thereto, and the mixture was
stirred at a temperature of 85° C. for 2 hours. After the
organic layer was separated, the organic layer was sequen-
tially washed with water, 3 wt % of acetic acid aqueous
solution, and water again. The organic layer was added
dropwise to methanol, and a solid was precipitated, filtered,
and dried to obtain a product. The product was dissolved in
toluene and passed through column chromatography
charged with silica/alumina, and the solvent in the obtained
solution was distilled under reduced pressure to obtain 0.79
g of Polymer A-1.

[0399] From the addition ratio of the monomers, it was
assumed that the ratio of the constituent unit derived from
Compound 1:the constituent unit derived from Compound
5:the constituent unit derived from Compound 3:the con-
stituent unit derived from Compound 2 in Polymer A-1 was
50:40:5:5 (molar ratio) and the constituent units were alter-
nately polymerized. Also, it was estimated by size-exclusion
chromatography (SEC) that the number average molecular
weight (M), the weight average molecular weight (M,,),
and the molecular weight distribution (M, /M,,) of Polymer
A-1 were M,=42,000, M, =80,000, and M, /M, =1.85.

Synthesis Example 12: Synthesis of Polymer A-2

[0400] Polymer A-2 having the following constituents unit
was synthesized by using Compound 6, Compound 7, and
Compound 8.
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=50/40/10

[0401] 2.53 g of Compound 6, 3.30 g of Compound 7, 0.48
g of Compound 8, 4.3 mg of palladium acetate, 27.0 mg of
tris(2-methoxyphenyl) phosphine, 55 mL of toluene, and
15.2 g of 20 wt % tetraethyl ammonium hydroxide aqueous
solution were added in an argon atmosphere, and the mixture
was stirred for 8 hours under reflux. Then, 0.023 g of
phenylboronic acid, 4.3 mg of palladium acetate, 27.0 mg of
tris(2-methoxyphenyl)phosphine, and 152 g of 20 wt %
tetraethyl ammonium hydroxide aqueous solution were
added thereto, and the mixture was stirred for 7 hours under
reflux. The aqueous layer was removed, 5.4 g of N,N-
diethyldithiocarbamate sodium trihydrate and 50 mL of
ion-exchange water were added thereto, and the mixture was
stirred at a temperature of 85° C. for 2 hours. After the
organic layer was separated, the organic layer was sequen-
tially washed with water, 3 wt % of acetic acid aqueous
solution, and water again. The organic layer was added
dropwise to methanol, and a solid was precipitated, filtered,

53
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and dried to obtain a product. The product was dissolved in
toluene and passed through a chromatography column
charged with silica/alumina, and the solvent in the obtained
solution was distilled under reduced pressure to obtain 0.8 g
of Polymer A-2.

[0402] From the addition ratio of the monomers, it was
assumed that the ratio of the constituent unit derived from
Compound 6:the constituent unit derived from Compound
7:the constituent unit derived from Compound 8 in Polymer
A-2 was 50:40:10 (molar ratio) and the constituent units
were alternately polymerized. Also, it was estimated by SEC
that the number average molecular weight (M, ), the weight
average molecular weight (M, ), and the molecular weight
distribution (M, /M) of Polymer A-2 were M,=110,000,
M,,=252,000, and M, /M,=2.30.

Synthesis Example 13: Synthesis of Polymer A-3

[0403] Polymer A-3 having the following constituent units
was synthesized by using Compound 2, Compound 3, and
Compound 4.

o

Q’O /

»
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[0404] 0.16 gof Compound 2, 0.19 g of Compound 3, 2.25
g of Compound 4, 3.21 g of Compound 5, 4.3 mg of
palladium acetate, 27.0 mg of tris(2-methoxyphenyl) phos-
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phine, 55 mL of toluene, and 15.2 g of 20 wt % tetraethyl
ammonium hydroxide aqueous solution were added in an
argon atmosphere, and the mixture was stirred for 8 hours
under reflux. Then, 0.023 g of phenylboronic acid, 4.3 mg of
palladium acetate, 27.0 mg of tris(2-methoxyphenyl )phos-
phine, and 15.2 g of 20 wt % tetraethyl ammonium hydrox-
ide aqueous solution were added thereto, and the mixture
was stirred for 7 hours under reflux. The aqueous layer was
removed, 5.4 g of N,N-diethyldithiocarbamate sodium tri-
hydrate and 50 mL of ion-exchange water were added
thereto, and the mixture was stirred at a temperature of 85°
C. for 2 hours. After the organic layer was separated, the
organic layer was sequentially washed with water, 3 wt % of
acetic acid aqueous solution, and water again. The organic
layer was added dropwise to methanol, and a solid was
precipitated, filtered, and dried to obtain a product. The
product was dissolved in toluene and passed through column
chromatography charged with silica/alumina, and the sol-
vent in the obtained solution was distilled under reduced
pressure to obtain 0.85 g of Polymer A-3.

[0405] From the addition ratio of the monomers, it was
assumed that the ratio of the constituent unit derived from
Compounds 4 and 5:the constituent unit derived from Com-
pound 3:the constituent unit derived from Compound 4:the
constituent unit derived from Compound 2 in Polymer A-3
was 90:5:5 (molar ratio) and the constituent units were
alternately polymerized. Also, it was estimated by SEC that
the number average molecular weight (M,), the weight
average molecular weight (M,,), and the molecular weight
distribution (M, /M,) of Polymer A-3 were M,=27,000,
M,,=60,000, and M,/M, =2.23.

Synthesis Example 14: Synthesis of Polymer A-4

[0406] Polymer A-4 having the following constituent units
was synthesized by using Compound 3, Compound 4, and
Compound 5.

-

O
O
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[0407] 0.19 gof Compound 3, 2.64 g of Compound 4, 3.21
g of Compound 5, 4.3 mg of palladium acetate, 27.0 mg of
tris(2-methoxyphenyl) phosphine, 55 mL of toluene, and
15.2 g of 20 wt % tetraethyl ammonium hydroxide aqueous
solution were added in an argon atmosphere, and the mixture
was stirred for 8 hours under reflux. Then, 0.023 g of
phenylboronic acid, 4.3 mg of palladium acetate, 27.0 mg of
tris(2-methoxyphenyl)phosphine, and 15.2 g of 20 wt %
tetracthyl ammonium hydroxide aqueous solution were
added thereto, and the mixture was stirred for 7 hours under
reflux. The aqueous layer was removed, 5.4 g of N,N-
diethyldithiocarbamate sodium trihydrate and 50 mL of
ion-exchange water were added thereto, and the mixture was
stirred at a temperature of 85° C. for 2 hours. After the
organic layer was separated, the organic layer was sequen-
tially washed with water, 3 wt % of acetic acid aqueous
solution, and water again. The organic layer was added
dropwise to methanol, and a solid was precipitated, filtered,
and dried to obtain a product. The product was dissolved in
toluene and passed through column chromatography
charged with silica/alumina, and the solvent in the obtained
solution was distilled under reduced pressure to obtain 0.85
g of Polymer A-4.

[0408] From the addition ratio of the monomers, it was
assumed that the ratio of the constituent unit derived from
Compounds 4 and 5:the constituent unit derived from Com-
pound 3 in Polymer A-4 was 95:5 (molar ratio) and the
constituent units were alternately polymerized. Also, it was
estimated by SEC that the number average molecular weight
(M,), the weight average molecular weight (M,), and the
molecular weight distribution (M,/M,) of Polymer A-3
were M,=25,000, M, =59,000, and M, /M, =2.36.

Synthesis Example 15: Synthesis of Polymer A-5

[0409] Polymer A-5 having the following constituent units
was synthesized by using Compound 1, Compound 2, Com-
pound 3, and Compound 9.

CeHyz

CeHy3
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[0410] 1.96 g of Compound 1, 0.184 g of Compound 2,
0.211 g of Compound 3, 2.576 g of Compound 9, 4.3 mg of
palladium acetate, 27.0 mg of tris(2-methoxyphenyl) phos-
phine, 55 mL of toluene, and 15.2 g of 20 wt % tetraethyl
ammonium hydroxide aqueous solution were added in an
argon atmosphere, and the mixture was stirred for 8 hours
under reflux. Then, 0.023 g of phenylboronic acid, 4.3 mg of
palladium acetate, 27.0 mg of tris(2-methoxyphenyl)phos-
phine, and 15.2 g of 20 wt % tetraethyl ammonium hydrox-
ide aqueous solution were added thereto, and the mixture
was stirred for 7 hours under reflux. The aqueous layer was
removed, 5.4 g of N,N-diethyldithiocarbamate sodium tri-
hydrate and 50 mL of ion-exchange water were added
thereto, and the mixture was stirred at a temperature of 85°
C. for 2 hours. After the organic layer was separated, the
organic layer was sequentially washed with water, 3 wt % of
acetic acid aqueous solution, and water again. The organic
layer was added dropwise to methanol, and a solid was
precipitated, filtered, and dried to obtain a product. The
product was dissolved in toluene and passed through column
chromatography charged with silica/alumina, and the sol-
vent in the obtained solution was distilled under reduced
pressure to obtain 0.85 g of Polymer A-5.

[0411] From the addition ratio of the monomers, it was
assumed that the ratio of the constituent unit derived from
Compound 1:the constituent unit derived from Compound

-continued
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9:the constituent unit derived from Compound 3:the con-
stituent unit detived from Compound 2 in Polymer A-5 was
50:40:5:5 (molar ratio) and the constituent units were alter-
nately polymerized. Also, it was estimated by SEC that the
number average molecular weight (M,), the weight average
molecular weight (M, ), and the molecular weight distribu-
tion (M,/M,) of Polymer A-3 were M,=62,000, M, =138,
200, and M, /M, =2.23.

Synthesis Example 16: Synthesis of Polymer A-6

[0412] Polymer A-6 having the following constituent units
was synthesized by using Compound 6, Compound 10, and
Compound 8.

CgHy7 CsHj7

S2ag
e
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[0413] 2.53 g of Compound 6, 2.67 g of Compound 10,
0.48 g of Compound 8, 4.3 mg of palladium acetate, 27.0 mg
of tris(2-methoxyphenyl) phosphine, 55 mL of toluene, and
15.2 g of 20 wt % tetraethyl ammonium hydroxide aqueous
solution were added in an argon atmosphere, and the mixture
was stirred for 8 hours under reflux. Then, 0.023 g of
phenylboronic acid, 4.3 mg of palladium acetate, 27.0 mg of
tris(2-methoxyphenyl)phosphine, and 15.2 g of 20 wt %
tetracthyl ammonium hydroxide aqueous solution were
added thereto, and the mixture was stirred for 7 hours under
reflux. The aqueous layer was removed, 5.4 g of N,N-
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diethyldithiocarbamate sodium trihydrate and 50 mL of
ion-exchange water were added thereto, and the mixture was
stirred at a temperature of 85° C. for 2 hours. After the
organic layer was separated, the organic layer was sequen-
tially washed with water, 3 wt % of acetic acid aqueous
solution, and water again. The organic layer was added
dropwise to methanol, and a solid was precipitated, filtered,
and dried to obtain a product. The product was dissolved in
toluene and passed through column chromatography
charged with silica/alumina, and the solvent in the obtained
solution was distilled under reduced pressure to obtain 1.0 g
of Polymer A-6.

[0414] From the addition ratio of the monomers, it was
assumed that the ratio of the constituent unit derived from
Compound 6:the constituent unit derived from Compound
10:the constituent unit derived from Compound 8 in Poly-
mer A-6 was 50:40:10 (molar ratio) and the constituent units
were alternately polymerized. Also, it was estimated by SEC
that the number average molecular weight (M,)), the weight
average molecular weight (M,,), and the molecular weight
distribution (M, /M) of Polymer A-3 were M, =140,000,
M,,=352,200, and M, /M,=2.51.

Evaluation Example 1: Measurement of Triplet
Energy Level

[0415] The triplet energy level (electron volts, eV) of the
polymer TFB (manufactured by Luminescence Technology
Corp.) including Polymers A-1, A-2, and A-3 prepared
according to Synthesis Examples 9 to 11 and the following
constituent units was measured according to the following
method.

000

(9,9-dioctylfluorenyl-2,7-diyl)-co-
(4,4'-(N-(4-sec-butylphenyl)diphenylamine)]
(TFB)

[0416] A coating solution was prepared by dissolving each
polymer in toluene such that the concentration thereof was
3.2 wt %. The coating solution was spin-coated at a rotating
speed of 1,600 revolutions per minute (rpm) and dried at a
temperature of 250° C. for 60 minutes to obtain a thin film
sample having a thickness of about 70 nanometers (nm)
(thickness after drying). The thin film sample was cooled to
77 Kelvins (K) (-196° C.) and a photoluminescence (PL)
spectrum was measured. The triplet energy level (eV) was
calculated from the peak value of the shortest wave side of
the PL spectrum, and results thereof are shown in Table 1.
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TABLE 1
Polymer M, (x10% M, (x10%  Triplet energy level (eV)
A-1 4.2 8.0 2.51
A-2 11.0 252 2.39
A-3 2.7 6.0 2.51
TFB 8.6 18.3 2.30
[0417] From Table 1, it is confirmed that the polymer

according to the embodiment has a high triplet energy level
in TFB.

Example 1

[0418] As an anode, a hole injection layer was formed on
an ITO glass substrate, on which stripe-shaped indium tin
oxide (ITO) was deposited to a film thickness of 150 nm, by
spin coating, such that poly(3,4-ethylene dioxythiophene)/
poly(4-styrenesulfonate (PEDOT/PSS) (product of Sigma-
Aldrich) had a dry film thickness of 30 nm.

[0419] Then, a solution (concentration of 1 wt %) in which
Polymer A-1 was dissolved in xylene was applied on the
hole injection layer by spin coating, so that a thickness after
drying was 30 nm, and heat treatment was performed
thereon at a temperature of 230° C. for 1 hour to form a hole
transport layer.

[0420] Then, a toluene solution (a concentration of Com-
pound h-1 was 0.49 grams per milliliter (g/ml), and a
concentration of Compound h-2 was 0.05 g/ml) including
Compound h-1 (6,9-diphenyl-9'-(5'-phenyl-[1,1"3',1"-ter-
phenyl]-3-y1)3,3'-bi[9H-carbarzole) (first host), Compound
h-2  (3,9-diphenyl-5-(3-(4-phenyl-6-(5'-phenyl-[1,1"3",1"-
terphenyl]-3-y1)-1,3,5-triazine-2-yl)phenyl)-9H-carbazole)
(second host), and tris(2-(3-p-xylyl)phenyl)pyridine iridium
(1IT) (dopant) was applied on the hole transport layer by spin
coating, so that a dry film thickness was 30 nm, thereby
forming an emission layer. At this time, the dopant was 10
wt % based on the total weight of the emission layer.
[0421] Then, the substrate in which the emission layer was
formed was provided to a vacuum deposition apparatus, and
Compound X was deposited to form a hole blocking layer
having a thickness of 10 nm.

Cii)

=7

Ty

[0422] Then, LiQ and KLET-03 (product of Chemipro
Kasei) were co-deposited on the hole blocking layer to form
an electron transport layer having a thickness of 50 nm.
[0423] Then, an electron injection material (LiF) was
deposited to a thickness of 1 nm.



US 2018/0182967 A1l

[0424] Then, aluminum was deposited on the electron
injection layer to form a cathode having a thickness of 100
nm, thereby completing the manufacture of an organic
light-emitting device.

Example 2

[0425] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Polymer A-2 was used instead of Polymer A-1 in forming a
hole transport layer.

Example 3

[0426] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Polymer A-3 was used instead of Polymer A-1 in forming a
hole transport layer.

Example 4

[0427] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that a
thickness of an anode was modified to 100 nm, and Polymer
A-3 was used instead of Polymer A-1 in forming a hole
transport layer.

Example 5

[0428] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Polymer A-4 was used instead of Polymer A-1 in forming a
hole transport layer.

Comparative Example 1

[0429] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that TFB
(manufactured by Luminescence Technology Corp.) was
used instead of Polymer A-1 in forming a hole transport
layer.

Evaluation Example 2

[0430] The driving voltage, current efficiency, and lumi-
nescent efficiency of the organic light-emitting devices of
Examples 1 to 4 and Comparative Example 1 were evaluated
according to the following method, and results thereof are
shown in Table 2.

[0431] A DC constant voltage source (source meter, manu-
factured by KEYENCE) was used to apply a predetermined
voltage to the respective organic light-emitting devices so as
to make the organic light-emitting devices to emit light.
While the light emission of the organic light-emitting device
was measured by using a luminance measurement apparatus
(SR-3, manufactured by Topcom), a current applied to the
organic light-emitting device was gradually increased. A
current at which luminance reached 6,000 candelas per
square meter (cd/m?) was constantly maintained. The volt-
age at that time was set as a “driving voltage (V).

[0432] A current density that was a current value per unit
area of the organic light-emitting device was calculated, and
current efficiency (candelas per ampere, cd/A) was calcu-
lated by dividing luminance (cd/m?) by the current density
(amperes per square meter, A/m?).
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[0433] The emission lifespan (LTys) (hr) indicates an
amount of time that lapsed when luminance measured by the
measurement apparatus was reduced to 95% of initial lumi-
nance (100%).

[0434] Also, the current efficiency indicates efficiency
(conversion efliciency) of converting a current into lumi-
nescence energy. As the current efficiency is higher, the
organic light-emitting device has higher performance.

TABLE 2
Driving Current Emission

Material for hole voltage efficiency lifespan

transport layer V) (cd/A) (time)
Example 1 Polymer A-1 5.2 67 190
Example 2 Polymer A-2 5.9 61 80
Example 3 Polymer A-3 4.5 69 410
Example 4  Polymer A-3 5.1 91 440
Example 5 Polymer A-4 4.4 70 350
Comparative TFB 6.4 20 10
Example 1
[0435] Referring to Table 2, it is confirmed that the organic

light-emitting devices of Examples 1 to 4 have a low driving
voltage, high current efficiency, and a long emission lifes-
pan, as compared with the organic light-emitting device of
Comparative Example 1.

Example 5

[0436] First, as a first electrode (anode), a glass substrate
on which ITO was patterned was sequentially washed with
neutral detergent, deionized water, and isopropyl alcohol,
and UV-ozone-treated. PEDOT/PSS (manufactured by
Sigma-Aldrich) was applied on the glass substrate by spin
coating, so that a dry film thickness was 30 nm, thereby
forming a hole injection layer.

[0437] Then, a solution (concentration of 1 wt %) in which
Polymer A-1 was dissolved in toluene was applied on the
hole injection layer by spin coating, so that a dry film
thickness was 25 nm, and heated at a temperature of 150° C.
for 30 minutes, thereby forming a hole transport layer.

[0438] Then, a dispersion liquid in which a blue quantum
dot (see FIG. 2) of ZnTeSe/ZnSe/ZnS (core/shell/shell) was
dispersed in hexane at a concentration of 1.0 wt % in a cycle
of not dissolving the hole transport layer was applied on the
hole transport layer by spin coating, so that a dry film
thickness was 25 nm, and then dried to form a quantum-dot
emission layer. Also, the blue quantum dot has an emission
wavelength center of 458 nm in the dispersion liquid and a
full width at half maximum of 29 nm (see FIGS. 3 and 4).

[0439] The quantum-dot emission layer was completely
dried, and lithium quinolate (LiQ) and an electron transport
material TPBI (manufactured by Sigma-Aldrich) was co-
deposited on the quantum-dot emission layer by using a
vacuum deposition apparatus to form an electron transport
layer having a thickness of 36 nm.

[0440] LiQ was deposited on the electron transport layer
by using a vacuum deposition apparatus to form an electron
injection layer having a thickness of 0.5 nm.

[0441] Aluminum was deposited on the electron injection
layer by using a vacuum deposition apparatus to form a
second electrode (cathode) having a thickness of 100 nm,
thereby obtaining a quantum-dot light-emitting device.
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Example 6

[0442] A quantum-dot light-emitting device was manufac-
tured in the same manner as in Example 5, except that
Polymer A-5 was used instead of Polymer A-1.

Comparative Example 2

[0443] A quantum-dot light-emitting device was manufac-
tured in the same manner as in Example S, except that TFB
was used instead of Polymer A-1.

Evaluation Example 2

[0444] The driving voltage, luminescent efficiency (EQE),
color purity, and emission wavelength of the quantum-dot
light-emitting devices of Examples 5 to 6 and Comparative
Example 2 were evaluated by the following method, and
results thereof are shown in Table 3.

[0445] A DC constant voltage source (source meter, manu-
factured by KEYENCE) was used to apply a predetermined
voltage to the respective organic light-emitting devices so as
to make the organic light-emitting devices to emit light. The
voltage at the current density of 10 milliamperes per square
centimeter (mA/cm?) was set as a “driving voltage (volts,
A\

[0446] While the light emission of the organic light-
emitting device was measured by using a luminance mea-
surement apparatus (SR-3, manufactured by Topcom), a
current applied to the organic light-emitting device was
gradually increased. A current at which luminance reached
1,000 cd/m* was constantly maintained and left alone.

[0447] The color purity was measured by using a lumi-
nance measurement apparatus.
TABLE 3
Material Driving
for hole voltage@ Emission
transport 10 mA/em®  EQE@ Color wave-
layer V) 100 nit purity length
Example 5 Polymer 4.88 3.54% X =0146 454 1mm
A-1 Y =0.056
Example 6  Polymer 4.78 3.72% X =0148 454 1mm
A-S Y =0.058
Comparative TFB 5.03 3.16% X =0.148 454 nm
Example 2 Y =0.058
[0448] Referring to Table 3, it is confirmed that the poly-

mer compound according to one or more embodiments is
applicable to a quantum-dot light-emitting device, for
instance, the quantum-dot light-emitting devices of
Examples 5 to 6 have a low driving voltage and high
luminescent efficiency (EQEfmf), as compared with those of
the quantum-dot light-emitting device of Comparative
Example 2.

[0449] The polymer may have a high minimum excitation
triplet energy level and have characteristics suitable for use
in solution coating. Also, the light-emitting device including
the polymer may provide a driving voltage, high current
efficiency, and a long lifespan. Furthermore, the use of the
polymer may provide a larger-area light emitting device and
may increase productivity.

[0450] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
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be considered as available for other similar features or
aspects in other embodiments of the present disclosure.
[0451] While one or more embodiments have been
described with reference to the figures, it will be understood
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 disclosure as defined
by the following claims.

What is claimed is:

1. A polymer comprising a first repeating unit represented
by Formula 1 and a second repeating unit represented by
Formula 2:

\ ) Formula 1
*— (L= Ar—L)as—"
(Litant
Z N Z
1 13
V4 N
7 / Zy;
\ /
Zis=yg, 15l
) ) Formula 2
*—(L)an— Izl_ Ls)az—"
< (Lata21
I
Q21021 -
Formula 9
Ry,
(Lo2)ag2
*F=—(LoyJagr—N
(Lo3)a03
Roz

wherein, in Formulae 1, 2, and 9,

7, is selected from N and C(R,,), Z, , 1s selected from N
and C(R,,), Z,; is selected from N and C(R,5), Z ,, is
selected from N and C(R, ), 7,5 is selected from N and
CR,5), Z,¢ is selected from N and C(R}4), Z,, is
selected from N and C(R, ), and Z, 4 is selected from N
and C(R,y),

Ar,; and Ar,, are each independently selected from a
substituted or unsubstituted C5-C,, carbocyclic group
and a substituted or unsubstituted C,-C,, heterocyclic
group,

Ly, to L5, Ly to Ly, and Ly, to Ly are each indepen-
dently selected from a single bond, a substituted or
unsubstituted C,-C,, alkylene group, a substituted or
unsubstituted C,-C,,, arylene group, a substituted or
unsubstituted C, -C, heteroarylene group, a substituted
or unsubstituted divalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic
group,

all to al 3, a21 to a23, and a91 to a93 are each indepen-
dently selected from 0, 1, 2, and 3,

R,, to R, are each independently selected from a group
represented by Formula 9, hydrogen, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C,-Cs,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or
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unsubstituted monovalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, wherein at least one of R, to R, is a group
represented by Formula 9, and two neighboring groups
selected from R, to R, are optionally linked to form
a ring,

Ry, and Ry, are each independently selected from a
substituted or unsubstituted C4-C,,, aryl group, a sub-
stituted or unsubstituted C,-C,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group,

Q,, is a crosslinking group,

021 is an integer greater than or equal to 1,

p21 is an integer greater than or equal to 1, and

* and * each indicate a binding site to a neighboring
atom.

2. The polymer of claim 1, wherein

2y isCRyy), 21518 C(R ), Z15 18 C(Ry3), Z14 18 CR ),
7,518 CR}5), Z,5 18 C(Ryg), Z,7 18 C(R,,), and Z,4 is
CR ).

2y, i8N, 71,18 C(Ry,), 21318 C(Ry3), Z,, 18 C(R14), Zy5
is C(Ry5), Zi6 18 C(Ry), 7,5 is C(R,), and 7,4 is
CRy5);

Zyyis C(Ryy), Z15 i8N, 7,318 C(Ry3), Z,4 18 C(Ryy), Zy5
is CRys), Zi6 18 CRyg), 7,7 18 C(Ry;), and Z,; is
CRys);

2y i8CR), Z518 C(Ry,), Zy3 18 N, Z s CR ), Z,5
is C(Ry5), Z;s is C(Ryg), Z;5 is C(R,,), and Z,4 is
CR3);

2,18 CR), Z1518 C(Ry,). Zy5 18 C(Ry5), Zygis N, Zy5
is C(Rys5), Zis 15 C(Ryg), Z17 15 C(R;,), and Zq is
CRp):

2y 18 CRy), 21518 C(Ry5), Z15 18 C(Ry3), Zy4 18 C(R1y),
Z,51sN. Z,cisC(R4), Z,,1s C(R;),and Z, 3 is C(R 5);

2y, 18 CRyy), 21518 C(R)5), 21518 C(Ry3), Z1418 C(Ryy),
Z,51sC(R5),Z,41sN, Z,,is C(R | ;),and Z, 5 is C(R 5);

Z,,isCR),Z,,18CR,,), Z,518C(R,5). Z,, 1 CR ),
Z,515C(R5), 7,418 C(Ry¢). Z,;isN,and 7,5 is C(R 5);
or

Z,,isCR,,), Z,,is CR,5), 2,318 C(R,5), Z,,is C(R, ),
7,518 CR,5), Z,4 18 C(Ryg), Z,7 is C(R,,), and 7,4 is
N.

3. The polymer of claim 1, wherein

2y, 18CRyy), 21518 C(Ry5), 21518 C(Ry3). Z14 18 C(Ryy),
Z,518CR,5), 2,518 CR,¢), Z15 18 CR,,), and Z 4 is
C(R,g), and

R, is a group represented by Formula 9.

4. The polymer of claim 1, wherein

Ar,, and Ar,, are each independently selected from:

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptacene group, an acenaphthalene group, a
phenalene group, a fluorene group, an antraquinone
group, a naphthacene group, a phenanthrene group, a
triphenylene group, a pyrene group, a chrysene group,
a picene group, a perylene group, a pentaphene group,
a pentacene group, a tetraphene group, a hexaphene
group, a hexacene group, a rubicene group, a trinaph-
thalene group, a heptaphene group, a pyranthrene
group, a pyrrole group, a pyrazole group, an imidazole
group, an oxazole group, a thiazole group, a triazole
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group, a tetrazole group, an oxadiazole group, a pyri-
dine group, a pyridazine group, a pyrimidine group, a
triazine group, a carbazole group, an indole group, a
quinoline group, an isoquinoline group, a benzimida-
zole group, an imidazopyridine group, and an imida-
zopyrimidine group;

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptacene group, an acenaphthalene group, a
phenalene group, a fluorene group, an anthraquinone
group, a naphthacene group, a phenanthrene group, a
triphenylene group, a pyrene group, a chrysene group,
a picene group, a perylene group, a pentaphene group,
a pentacene group, a tetraphene group, a hexaphene
group, a hexacene group, a rubicene group, a trinaph-
thalene group, a heptaphene group, a pyranthrene
group, a pyrrole group, a pyrazole group, an imidazole
group, an oxazole group, a thiazole group, a triazole
group, a tetrazole group, an oxadiazole group, a pyri-
dine group, a pyridazine group, a pyrimidine group, a
triazine group, a carbazole group, an indole group, a
quinoline group, an isoquinoline group, a benzimida-
zole group, an imidazopyridine group, and an imida-
zopyrimidine group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q,,)
(Qu): —Si(QXQ2)(Qus): —COQ,). —0,C(Q,):
—C0O,4(Q,,), —C(O)N(Qs, ), an imine group, an imidic
acid group, a C;-C,, cycloalkyl group, a C,-C,, het-
erocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-C,,, aryl group,
a Cg-Cyp arvloxy group, a Cg-C,, arylthio group, a
C,-Cy, aryl alkyl group, a C,-C,, aryl alkoxy group, a
C,-Cyy aryl alkylthio group, a Cg-Cs, aryl alkenyl
group, a C4-C,, aryl alkynyl group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group; and

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptacene group, an acenaphthalene group, a
phenalene group, a fluorene group, an anthraquinone
group, a naphthacene group, a phenanthrene group, a
triphenylene group, a pyrene group, a chrysene group,
a picene group, a perylene group, a pentaphene group,
a pentacene group, a tetraphene group, a hexaphene
group, a hexacene group, a rubicene group, a trinaph-
thalene group, a heptaphene group, a pyranthrene
group, a pyrrole group, a pyrazole group, an imidazole
group, an oxazole group, a thiazole group, a triazole
group, a tetrazole group, an oxadiazole group, a pyri-
dine group, a pyridazine group, a pyrimidine group, a
triazine group, a carbazole group, an indole group, a
quinoline group, an isoquinoline group, a benzimida-
zole group, an imidazopyridine group, and an imida-
zopyrimidine group, each substituted with at least one
selected from a C,-C,, aryl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group that are each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a C,-C,, alkylthio group,
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—N(Q3)(Qs).  —Si(Q3)(Q32)(Qs3), —COQ;)),
—0,C(Q5,), —C0,(Q;;), —C(O)N(Q;,;), an imine

group, an imidic acid group, a C5-C5, cycloalkyl group,
a C,-Cy, heterocycloalkyl group, a C,;-Cs, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cyq aryl group, a Cy-C,, aryloxy group, a Cg-Cy,
arylthio group, a C,-C,, aryl alkyl group, a C,-C,, aryl
alkoxy group, a C,-C5, aryl alkylthio group, a C4-Cs,
aryl alkenyl group, a C¢-C, aryl alkynyl group, a
C,-C,, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group, and

Q,; to Q,; and Q;, to Qs are each independently selected
from hydrogen, a C,-C,, alkyl group, a C,-C;, hetero-
cycloalkyl group, a C,-C,, cycloalkyl group, a C4-Cs,
aryl group, a C,-C,, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, and a mon-
ovalent non-aromatic condensed heteropolycyclic
group.

5. The polymer of claim 1, wherein

Ar,, is selected from Formulae 4-1 to 4-11, and

Ar,, is selected from Formulae 4-12 and 4-13:

41
Ry
Ry3 i Ry
42
Ry
Ry A
* Rys
43
* N k1
N
Ryy 7 Ry
44
Ray
| N
N.
< Ry
45
% N k!
\( N
N.
7 Ryt
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-continued
46
Ry
* | \ k!
NYN
" 4-7
Ry Ry
/ \
* N Fl
L
48
! Ry
/ \
* S sl
49
. " " 4-10
o
(R‘“)I{/ /&2)1742
. " - 4-11
[\ N
/ a /]\*,,
Rerloar Raz)o
4-12
Ry
Ry Ry
" 4-13

wherein, in Formulae 4-1 to 4-11,

R,, to R,; are each independently selected from hydro-
gen, a methy! group, an ethyl group, an n-propyl group,
and an iso-propyl group,

b4l is selected from 1, 2, and 3,

b42is 1 or 2,

* and * each indicate a binding site to an atom consti-
tuting a main chain of Formula 1, and
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** indicates a binding site to an atom constituting a side
chain of Formula 1,

wherein, in Formulae 4-12 and 4-13,

R,; to Ry, are each independently selected from hydro-
gen, a methy! group, an ethyl group, an n-propyl group,
and an iso-propyl group,

b41 is selected from 1, 2, and 3,

b421is 1 or 2,

* and *' each indicate a binding site to an atom consti-
tuting a main chain of Formula 2, and

* indicates a binding site to an atom constituting a side
chain of Formula 2.

6. The polymer of claim 1, wherein

L, to L5, Ly, to Ly, and Ly, to Ly; are each indepen-
dently selected from:

a single bond, a methylene group, an ethylene group, a
trimethylene group, a propylene group, a tetramethyl-
ene group, a pentamethylene group, a phenylene group,
a biphenylene group, a terphenylene group, a pental-
enylene group, an indenylene group, a naphthylene
group, an anthracenylene group, an azulenylene group,
a heptacenylene group, an acenaphthylene group, a
phenalenylene group, a fluorenylene group, an antra-
quinolinylene group, a naphthacenylene group, a
phenanthrenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a picenylene
group, a perylenylene group, a pentaphenylene group,
a pentacenylene group, a tetraphenylene group, a hexa-
phenylene group, a hexacenylene group, a rubicenylene
group, a trinaphthylene group, a heptaphenylene group,
a pyranthrenylene group, a pyrrolylene group, a pyra-
zolylene group, an imidazolylene group, an
oxazolylene group, a thiazolylene group, a triazolylene
group, a tetrazolylene group, an oxadiazolylene group,
a pyridinylene group, a pyridazinylene group, a pyrim-
idinylene group, a triazinylene group, a carbazolylene
group, an indolylene group, a quinolinylene group, an
isoquinolinylene group, a benzimidazolylene group, an
imidazopyridinylene group, and an imidazopyrimidi-
nylene group;

a methylene group, an ethylene group, a trimethylene
group, a propylene group, a tetramethylene group, a
pentamethylene group, a phenylene group, a biphe-
nylene group, a terphenylene group, a pentalenylene
group, an indenylene group, a naphthylene group, an
anthracenylene group, an azulenylene group, a hepta-
cenylene group, an acenaphthylene group, a phenale-
nylene group, a fluorenylene group, an antraquinoli-
nylene group, a naphthacenylene group, a
phenanthrenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a picenylene
group, a perylenylene group, a pentaphenylene group,
a pentacenylene group, a tetraphenylene group, a hexa-
phenylene group, a hexacenylene group, a rubicenylene
group, a trinaphthylene group, a heptaphenylene group,
a pyranthrenylene group, a pyrrolylene group, a pyra-
zolylene group, an imidazolylene group, an
oxazolylene group, a thiazolylene group, a triazolylene
group, a tetrazolylene group, an oxadiazolylene group,
a pyridinylene group, a pyridazinylene group, a pyrim-
idinylene group, a triazinylene group, a carbazolylene
group, an indolylene group, a quinolinylene group, an
isoquinolinylene group, a benzimidazolylene group, an
imidazopyridinylene group, and an imidazopyrimidi-
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nylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q,;)
(Qz2): —Si(Q5)(Q22)(Q23), —COQ,)), —0,C(Qs)),
—C0,(Q,,), —C(O)N(Q,,), an imine group, an imidic
acid group, a C;-C,, cycloalkyl group, a C,-C,, het-
erocycloalkyl group, a C;-C;, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-C,,, aryl group,
a C4-Cy, aryloxy group, a Cy-C,, arylthio group, a
C,-C,, aryl alkyl group, a C,-C,, aryl alkoxy group, a
C,-Cy, aryl alkylthio group, a Cg-Cs, aryl alkenyl
group, a C,-C,,, aryl alkynyl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group; and

a methylene group, an ethylene group, a trimethylene
group, a propylene group, a tetramethylene group, a
pentamethylene group, a phenylene group, a biphe-
nylene group, a terphenylene group, a pentalenylene
group, an indenylene group, a naphthylene group, an
anthracenylene group, an azulenylene group, a hepta-
cenylene group, an acenaphthylene group, a phenale-
nylene group, a fluorenylene group, an antraquinoli-
nylene group, a naphthacenylene group, a
phenanthrenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a picenylene
group, a perylenylene group, a pentaphenylene group,
a pentacenylene group, a tetraphenylene group, a hexa-
phenylene group, a hexacenylene group, a rubicenylene
group, a trinaphthylene group, a heptaphenylene group,
a pyranthrenylene group, a pyrrolylene group, a pyra-
zolylene group, an imidazolylene group, an
oxazolylene group, a thiazolylene group, a triazolylene
group, a tetrazolylene group, an oxadiazolylene group,
a pyridinylene group, a pyridazinylene group, a pyrim-
idinylene group, a triazinylene group, a carbazolylene
group, an indolylene group, a quinolinylene group, an
isoquinolinylene group, a benzimidazolylene group, an
imidazopyridinylene group, and an imidazopyrimidi-
nylene group, each substituted with at least one
selected from a C,-C, aryl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group that are each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a C,-C,, alkylthio group,
“NQu Q) —SiQ:)(Q1)Qss) —COWQy),
—0,0(Qu,). —C0,Qy), —C(ONQ,)). an imine
group, an imidic acid group, a C;-C;, cycloalkyl group,
a C,-C,, heterocycloalkyl group, a C,-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cs, aryl group, a C4-C,, aryloxy group, a Ce-Csy,
arylthio group, a C,-C;, aryl alkyl group, a C,-C;, aryl
alkoxy group, a C,-C,, aryl alkylthio group, a C4-Cs,
aryl alkenyl group, a C,-C;, aryl alkynyl group, a
C,-C,, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group, and

Q,, to Q,5 and Q5 to Q55 are each independently selected
from hydrogen, a C,-C,, alkyl group, a C,-C;, hetero-
cycloalkyl group, a C,-C;, cycloalkyl group, a C4-Cy,
aryl group, a C,-C;, heteroaryl group, a monovalent
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non-aromatic condensed polycyclic group, and a mon-
ovalent non-aromatic condensed heteropolycyclic
group.

7. The polymer of claim 1, wherein

R,, to R, are each independently selected from:

a group represented by Formula 9, hydrogen, a methyl
group, an ethyl group, an n-propyl group, an iso-propyl
group, an n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, an iso-
pentyl group, a tert-pentyl group, a neopentyl group, a
1,2-dimethylpropyl group, an n-hexyl group, an iso-
hexyl group, a 1,3-dimethylbutyl group, a 1-isopropy-
Ipropyl group, a 1,2-dimethylbutyl group, an n-heptyl
group, a 1,4-dimethylpentyl group, a 3-ethylpentyl
group, a 2-methyl-1-isppropylpropyl group, a 1-ethyl-
3-methylbutyl group, an n-octyl group, a 2-ethylhexyl
group, a 3-methyl-1-isopropylbutyl group, a 2-methyl-
1-iso-propyl group, a I1-tert-butyl-2-methylpropyl
group, an n-nonyl group, a 3,5,5-trimethyldecyl group,
an n-decyl group, an iso-decyl group, an n-undecyl
group, a 1-methyldecyl group, an n-dodecyl group, an
n-tridecyl group, an n-tetradecyl group, an n-pentade-
cyl group, an n-hexadecyl group, an n-heptadecyl
group, an n-octadecyl group, an n-eicosyl group, a
methoxy group, an ethoxy group, a propoxy group, an
iS0-propoxy group, an n-butoxy group, an isobutoxy
group, a sec-butoxy group, a tert-butoxy group, an
n-pentoxy group, an iso-pentoxy group, a tert-pentoxy
group, a neopentoxy group, a 1,2-dimethylpropoxy
group, an n-hexyloxy group, an isohexyloxy group, a
1,3-dimethylbutoxy group, a l-isopropylpropyloxy
group, a 1,2-dimethylbutoxy group, an n-heptyloxy
group, a 1,4-dimethylpentyloxy group, a 3-ethylpenty-
loxy group, a 2-methyl-1-isopropylpropoxy group, an
1-ethyl-3-methylbutoxy group, an n-octyloxy group, a
2-ethylhepxyloxy group, a 3-methyl-1-isopropylbu-
toxy group, a 2-methyl-1-iso-propoxy group, a 1-tert-
butyl-2-methylpropoxy group, an n-nonyloxy group, a
3,5,5-trimethyldecyloxy group, an n-decyloxy group,
an isodecyl group, an n-undecyloxy group, an n-dode-
cyloxy group, an n-tridecyloxy group, an n-tetradecy-
loxy group, an n-pentadecyloxy group, an n-hexadecy-
loxy group, an n-heptadecyloxy group, an
n-octadecyloxy group, an n-eicosyloxy group, a phenyl
group, a biphenyl group, a terphenyl group, a pental-
enyl group, an indenyl group, a naphthyl group, an
anthryl group, an azulenyl group, a heptacenyl group,
an acenaphthyl group, a phenalenyl group, a fluorenyl
group, an antraquinol group, a naphthacenyl group, a
phenanthrenyl group, a triphenyl group, a pyrenyl
group, a chrysenyl group, a picenyl group, a phenylenyl
group, a pentaphenyl group, a pentacenyl group, a
tetraphenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a trinaphthyl group, a hep-
taphenyl group, a pyranthrenyl group, a pyrrolyl group,
a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a thiazolyl group, a tetrazolyl
group, an oxadiazolyl group, a pyridyl group, a
bipyridyl group, a pyridazinyl group, a pyrazinyl
group, a pyrimidinyl group, a triazinyl group, a carba-
zolyl group, an indolyl group, a furyl group, a benzo-
furanyl group, a dibenzofuranyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxanyl group, a
benzimidazolyl group, an imidazopyridyl group, an
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imidazopyrimidyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenazinyl group,
a phenothiazinyl group, a phenothiazinyl group, an
oxazolyl group, an oxadiazolyl group, a furazanyl
group, a thienyl group, a thiophenyl group, an iso-
thiophenyl group, and a dibenzothiophenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an anthryl group, an azulenyl group, a heptacenyl
group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
a methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethylbutyl group, a 1-iso-
propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group, a l-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-eicosyl
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, a 1,2-dimeth-
ylpropoxy group, an n-hexyloxy group, an isohexyloxy
group, a 1,3-dimethylbutoxy group, a 1-isopropylpro-
pyloxy group, a 1,2-dimethylbutoxy group, an n-hep-
tyloxy group, a 1,4-dimethylpentyloxy group, a 3-eth-
ylpentyloxy group, a 2-methyl-1-isopropylpropoxy
group, an 1-ethyl-3-methylbutoxy group, an n-octyloxy
group, a 2-ethylhepxyloxy group, a 3-methyl-1-isopro-
pylbutoxy group, a 2-methyl-1-iso-propoxy group, a



US 2018/0182967 A1l

1-tert-butyl-2-methylpropoxy group, an n-nonyloxy
group, a 3,5,5-trimethyldecyloxy group, an n-decyloxy
group, an isodecyl group, an n-undecyloxy group, an
n-dodecyloxy group, an n-tridecyloxy group, an n-tet-
radecyloxy group, an n-pentadecyloxy group, an
n-hexadecyloxy group, an n-haptadecyloxy group, an
n-octadecyloxy group, and an n-eicosyloxy group.

8. The polymer of claim 1, wherein

Rs, and Ry, are each independently selected from:

a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an anthryl group, an azulenyl group, a heptacenyl
group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group; and

a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an anthryl group, an azulenyl group, a heptacenyl
group, an acenaphthyl group, a phenalenyl group, a
fluorenyl group, an antraquinol group, a naphthacenyl
group, a phenanthrenyl group, a triphenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
phenylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyrrolyl group, a pyrazolyl group, an imidazolyl group,
an oxazolyl group, a thiazolyl group, a thiazolyl group,
a tetrazolyl group, an oxadiazolyl group, a pyridyl
group, a bipyridyl group, a pyridazinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a furyl group, a
benzofuranyl group, a dibenzofuranyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxanyl
group, a benzimidazolyl group, an imidazopyridyl
group, an imidazopyrimidyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenazi-
nyl group, a phenothiazinyl group, a phenothiazinyl
group, an oxazolyl group, an oxadiazolyl group, a
furazanyl group, a thienyl group, a thiophenyl group,
an iso-thiophenyl group, and a dibenzothiophenyl
group, each substituted with at least one selected from
a methyl group, an ethyl group, an n-propyl group, an
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iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethylbutyl group, a 1-iso-
propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl-
pentyl group, a 2-methyl-1-isppropylpropyl group, a
1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth-
ylhexyl group, a 3-methyl-1-isopropylbutyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-
propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl
group, an n-decyl group, an iso-decyl group, an n-un-
decyl group, a l-methyldecyl group, an n-dodecyl
group, an n-tridecyl group, an n-tetradecyl group, an
n-pentadecyl group, an n-hexadecyl group, an n-hep-
tadecyl group, an n-octadecyl group, an n-eicosyl
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, a 1,2-dimeth-
ylpropoxy group, an n-hexyloxy group, an isohexyloxy
group, a 1,3-dimethylbutoxy group, a 1-isopropylpro-
pyloxy group, a 1,2-dimethylbutoxy group, an n-hep-
tyloxy group, a 1,4-dimethylpentyloxy group, a 3-eth-
ylpentyloxy group, a 2-methyl-1-isopropylpropoxy
group, an 1-ethyl-3-methylbutoxy group, an n-octyloxy
group, a 2-ethylhepxyloxy group, a 3-methyl-1-isopro-
pylbutoxy group, a 2-methyl-1-iso-propoxy group, a
1-tert-butyl-2-methylpropoxy group, an n-nonyloxy
group, a 3,5,5-trimethyldecyloxy group, an n-decyloxy
group, an isodecyl group, an n-undecyloxy group, an
n-dodecyloxy group, an n-tridecyloxy group, an n-tet-
radecyloxy group, an n-pentadecyloxy group, an
n-hexadecyloxy group, an n-haptadecyloxy group, an
n-octadecyloxy group, and an n-eicosyloxy group.

9. The polymer of claim 1, wherein

Q,, 1s represented by one of Formulae 6-1 to 6-9:

6-1
Re3
Re4
*—{CR¢1)2}p63
R¢x
6-2
0, Re
*—0 \ Re;
Res
6-3
Ress1 Res
(:l_ / Rg3
\Y
X
/ \,
64
(6]
*—o—{C<R61>z}p61A
Re
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64
_continued 10. The polymer of claim 1, wherein
63 the first repeating unit represented by Formula 1 is
9 selected from Formulae 1-1 to 1-42:
*—0—{CRe2)2}ps2——O0—{CRe1)2)ps1
Res
Rz Res L1
6-6 . "
Res
Rgg—T—0
#—0—{CRs1)2}ps1— Res
N

RS o B
0 4C

F—O0—{CRe22}ps2—O——{CRe1)2}ps1—] Res N

Rez Rey

()
Re1)ps1
-
X/ O

6-9
Re1)ve1

(l_/

\Y
*——{CRe1)2}p61

wherein, in Formulae 6-1 to 6-9,

Rg; 10 Rgq are each independently selected from hydro-
gen, a methyl group, an ethyl group, an n-propyl group,
an iso-propyl group, an n-butyl group, an isobutyl
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-dimethylpropyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethylbutyl group,
a 1-isopropylpropyl group, a 1,2-dimethylbutyl group,
N

an n-heptyl group, a 1,4-dimethylpentyl group, a 3-eth-

ylpentyl group, a 2-methyl-1-isppropylpropyl group, a

1-ethyl-3-methylbutyl group, an n-octyl group, a 2-eth- O O

ylhexyl group, a 3-methyl-1-isopropylbutyl group, a R, R

2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl-

propyl group, an n-nonyl group, a 3,5,5-trimethyldecyl

group, an n-decyl group, and an iso-decyl group, O
N

p61 and p62 are each independently selected from 1, 2, 3,
and 4,

p63 is selected from 0, 1, 2, and 3,
b61 is selected from 1, 2, 3, and 4,
b62 is selected from 1, 2, and 3, and

* indicates a binding site to a neighboring atom.
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-continued
1-41

30

1-42

A\ x
1-40 :[><Rx
X

wherein, in Formulae 1-1 to 1-42,

R, is selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group,
an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethylpropyl group,
an n-hexyl group, an iso-hexyl group, a 1,3-dimethyl-
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butyl group, a 1-isopropylpropyl group, a 1,2-dimeth-
ylbutyl group, an n-heptyl group, a 1,4-dimethylpentyl
group, a 3-ethylpentyl group, a 2-methyl-1-isppropyl-
propyl group, a 1-ethyl-3-methylbutyl group, an n-oc-
tyl group, a 2-ethylhexyl group, a 3-methyl-1-isopro-
pylbutyl group, a 2-methyl-1-iso-propyl group, a 1-tert-
butyl-2-methylpropyl group, an n-nonyl group, a 3,5,
S-trimethyldecyl group, an n-decyl group, an iso-decyl
group, an n-undecyl group, a 1-methyldecy! group, an
n-dodecyl group, an n-tridecyl group, an n-tetradecyl
group, an n-pentadecyl group, an n-hexadecyl group,
an n-heptadecyl group, an n-octadecyl group, and an
n-eicosyl group, and

* and * each indicate a binding site to a neighboring
atom.

11. The polymer of claim 1, wherein

the second repeating unit represented by Formula 2 is
selected from one of Formulae 2-1 to 2-3:

2-1
2-2
. - 2-3
| AN
Y
A~ 7 \
N | )=

\_/

wherein, in Formulae 2-1 to 2-3,
* and * cach indicate a binding site to a neighboring
atom.
12. The polymer of claim 1, further comprising a third
repeating unit represented by Formula 3:

*Ary—*, Formula 3

wherein, in Formula 3,

Ary, is selected from a substituted or unsubstituted C5-C;,
carbocyclic group and a substituted or unsubstituted
C,-C,, heterocyclic group, and

* and * each indicate a binding site to a neighboring
atom.
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13. The polymer of claim 12, wherein

Ar,, is selected from:

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptacene group, an acenaphthalene group, a
phenalene group, a fluorene group, an antraquinone
group, a naphthacene group, a phenanthrene group, a
triphenylene group, a pyrene group, a chrysene group,
a picene group, a perylene group, a pentaphene group,
a pentacene group, a tetraphene group, a hexaphene
group, a hexacene group, a rubicene group, a trinaph-
thalene group, a heptaphene group, a pyranthrene
group, a pyrrole group, a pyrazole group, an imidazole
group, an oxazole group, a thiazole group, a triazole
group, a tetrazole group, an oxadiazole group, a pyri-
dine group, a pyridazine group, a pyrimidine group, a
triazine group, a carbazole group, an indole group, a
quinoline group, an isoquinoline group, a benzimida-
zole group, an imidazopyridine group, and an imida-
zopyrimidine group;

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptacene group, an acenaphthalene group, a
phenalene group, a fluorene group, an anthraquinone
group, a naphthacene group, a phenanthrene group, a
triphenylene group, a pyrene group, a chrysene group,
a picene group, a perylene group, a pentaphene group,
a pentacene group, a tetraphene group, a hexaphene
group, a hexacene group, a rubicene group, a trinaph-
thalene group, a heptaphene group, a pyranthrene
group, a pyrrole group, a pyrazole group, an imidazole
group, an oxazole group, a thiazole group, a triazole
group, a tetrazole group, an oxadiazole group, a pyri-
dine group, a pyridazine group, a pyrimidine group, a
triazine group, a carbazole group, an indole group, a
quinoline group, an isoquinoline group, a benzimida-
zole group, an imidazopyridine group, and an imida-
zopyrimidine group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a cyano
group, a nitro group, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkylthio group, —N(Q,,)
(Qz2): —S1(Q21)(Q2)(Q15), *(;O.(Qu): 402C.(Q21):

0,(Q,,), —C(O)N(Q,,), an imine group, an imidic
acid group, a C;-C4, cycloalkyl group, a C,-Cs, het-
erocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cy, aryl group,
a Cg-Cy aryloxy group, a C¢-Cy, arylthio group, a
C,-C,, aryl alkyl group, a C,-C,,, aryl alkoxy group, a
C,-Cy, aryl alkylthio group, a C4-C,, aryl alkenyl
group, a Cy-Cs, aryl alkynyl group, a C,-C;, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group; and

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptacene group, an acenaphthalene group, a
phenalene group, a fluorene group, an anthraquinone
group, a naphthacene group, a phenanthrene group, a
triphenylene group, a pyrene group, a chrysene group,
a picene group, a perylene group, a pentaphene group,
a pentacene group, a tetraphene group, a hexaphene
group, a hexacene group, a rubicene group, a trinaph-
thalene group, a heptaphene group, a pyranthrene
group, a pyrrole group, a pyrazole group, an imidazole
group, an oxazole group, a thiazole group, a triazole
group, a tetrazole group, an oxadiazole group, a pyri-
dine group, a pyridazine group, a pyrimidine group, a
triazine group, a carbazole group, an indole group, a
quinoline group, an isoquinoline group, a benzimida-
zole group, an imidazopyridine group, and an imida-
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zopyrimidine group, each substituted with at least one
selected from a C;-C,, aryl group, a C,-C;,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group that are each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a cyano group, a nitro group, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a C,-C,, alkylthio group,
—N(Q3)(Qs2): —Si(Qa1)(Q3)Qs3),  —COQy,),
—0,C(Q31), —CO,(Q51), —C(ON(Qyy), an imine
group, an imidic acid group, a C;-C;, cycloalkyl group,
a C,-C,, heterocycloalkyl group, a C,-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a
Co-Csp aryl group, a Cg-Csg aryloxy group, a Cg-Csyg
arylthio group, a C,-C;, aryl alkyl group, a C,-C,, aryl
alkoxy group, a C,-C5, aryl alkylthio group, a C4-Cs,
aryl alkenyl group, a Cq-C,, aryl alkynyl group, a
C,-C,, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group, and

Q,; to Q,5 and Q5 to Qs are each independently selected
from hydrogen, a C,-C,, alkyl group, a C,-C,, hetero-
cycloalkyl group, a C5-C;, cycloalkyl group, a C¢-Cy,
aryl group, a C,-C,, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, and a mon-
ovalent non-aromatic condensed heteropolycyclic
group.

14. The polymer of claim 12, wherein

the third repeating unit represented by Formula 3 is

selected from Formulae 3-1 and 3-2:

31
* Ry
Ry !
32
* O.Q *’.
Ry Ry

wherein, in Formulae 3-1 and 3-2,

R, is selected from a methyl group. an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group,
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an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethylpropyl group,
an n-hexyl group, an iso-hexyl group, a 1,3-dimethyl-
butyl group, a 1-isopropylpropyl group, a 1,2-dimeth-
ylbutyl group, an n-heptyl group, a 1,4-dimethylpentyl
group, a 3-ethylpentyl group, a 2-methyl-1-isppropyl-
propyl group, a 1-ethyl-3-methylbutyl group, an n-oc-
tyl group, a 2-ethylhexyl group, a 3-methyl-1-isopro-
pylbutyl group, a 2-methyl-1-iso-propyl group, and a
1-tert-butyl-2-methylpropyl group, and
* and * each indicate a binding site to a neighboring
atom.
15. The polymer of claim 1, wherein
a number average molecular weight (M,) of the polymer
is in a range of about 10,000 Daltons to about 500,000
Daltons, or
a weight average molecular weight (M,,) of the polymer
is in a range of about 1,000 Daltons to about 1,000,000
Daltons.
16. A composition comprising the polymer of claim 1.
17. The composition of claim 16, further comprising at
least one selected from a hole transport material, an electron
transport material, a light-emitting material, and an organo-
metallic compound.
18. A light-emitting device comprising:
a first electrode;
a second electrode; and

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

wherein the intermediate layer comprises an emission
layer, and

wherein the intermediate layer comprises at least one of
the polymer of claim 1.

19. The light-emitting device of claim 18, wherein

the emission layer comprises at least one selected from an
organic compound and a semiconductor compound.

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

the organic compound is a compound that emits light from
triplet excitons, and

the semiconductor compound is a quantum dot.
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