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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. 2016-253757, filed on Dec. 27, 2016, in the
Japanese Patent Office and Korean Patent Application No.
10-2017-0150709, filed on Nov. 13, 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 such as 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 that is
disposed 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 elec-
trons, 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 for use in an
organic light-emitting device, and an organic light-emitting
device including the polymer.

[0007] 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.

[0008] An aspect of the present disclosure provides a
polymer including at least one first repeating unit repre-
sented by Formula 1:
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Formula 1

I I’
Ars— N Arjg— Ar— Ary~ N—Ary

[0009] In Formula 1,

[0010] Ar, and Ar, may each independently be selected
from hydrogen, a substituted or unsubstituted C,-C,,, alkyl
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C, 4 cycloalkoxy group, a
substituted or unsubstituted C,-Cs, aryl group, a substituted
or unsubstituted C.-C,, aryloxy group, a substituted or
unsubstituted C,-C,,, aralkyl group, a substituted or unsub-
stituted monovalent C,-C;, heterocyclic group, and
—N(Q)(Q>).

[0011] at least one of Ar, and Ar, may be selected from a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C-C, 4 cycloalkyl group, a substituted
or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C |, cycloalkoxy group, a substituted or
unsubstituted C4-C;, aryl group, a substituted or unsubsti-
tuted Cq-C;, aryloxy group, a substituted or unsubstituted
C,-C,, aralkyl group, a substituted or unsubstituted mon-
ovalent C,-C,,, heterocyclic group, and —N(Q,)(Q.,),
[0012] Ar, and Ar; may each independently be selected
from a substituted or unsubstituted divalent C4-Cs, carbo-
cyclic group and a substituted or unsubstituted divalent
C,-Cs, heterocyclic group,

[0013] atleast one of Ar, and Ar, may optionally be linked
to Arg to form a ring structure,

[0014] atleast one of Ar, and Ars may optionally be linked
to Ar, to form a ring structure,

[0015] n and m may each independently be an integer
greater than or equal to 1,

[0016] when m is two or more, two or more groups Ar,
may be identical to or different from each other, when m is
two or more, two or more groups Ar; may be identical to or
different from each other, when n is two or more, two or
more groups Ar, may be identical to or different from each
other, and when n is two or more, two or more groups Ars
may be identical to or different from each other,

[0017] Ar, and Ar,, may each independently be selected
from a single bond, a substituted or unsubstituted divalent
C¢-Cy, carbocyclic group, and a substituted or unsubstituted
divalent C4-C,,, heterocyclic group,

[0018] at least one of Ar, and Ar,, may be selected from
a substituted or unsubstituted divalent C,-C,, carbocyclic
group and a substituted or unsubstituted divalent C5-Cy,
heterocyclic group, and

[0019] An may be a divalent group represented by For-
mula 1-1,

Formula 1-1
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[0020] In Formula 1-1,

[0021] W, and W, may each independently be a divalent
linking group represented by —X—7— or —7—X—,
[0022] X may be a substituted or unsubstituted C,-C,,
alkylene group, a substituted or unsubstituted C,-C,, alk-
enylene group, a substituted or unsubstituted C,-C,, alky-
nylene group, a substituted or unsubstituted C;-C,,
cycloalkylene group, a substituted or unsubstituted C;-C,,
cycloalkenylene group, or a substituted or unsubstituted
Cs-Ceo arylene group,

[0023] 7 may be a single bond, —O0—, —C(=0)}—,
—N(Q;)-, —S—, —S(=0),— or —Si(Q:)(Q,)-
[0024] Ar, and Ar, may each independently be selected

from a substituted or unsubstituted trivalent C,-C,, carbo-
cyclic group and a substituted or unsubstituted trivalent
C;-C5, heterocyclic group,

[0025] at least one of Ar, to Ars may optionally be linked
to Ar, or Arg to form a ring structure,

[0026] Q, and Q, may each independently be selected
from hydrogen, a substituted or unsubstituted C,-C,,, alkyl
group, and a substituted or unsubstituted C4-C,,, aryl group,
[0027] Q, and Q, may each independently be selected
from hydrogen and a substituted or unsubstituted C,-Cq
alkyl group, and

[0028] * and * each indicate a binding site to a neighbor-
ing atom.
[0029] Another aspect of the present disclosure provides a

polymer including at least one first repeating unit repre-
sented by Formula 1 and further including at least one of a
second repeating unit represented by Formula 2 and a third
repeating unit represented by Formula 3:

Formula 2
Aryy
|
L
|

Yh

[0030] In Formula 2,

[0031] Ar,, may be a substituted or unsubstituted (2+p)-
valent Cg-Cs,, carbocyclic group or a substituted or unsub-
stituted (2+p)-valent C,-C;, heterocyclic group,

[0032] L may be a single bond, a substituted or unsubsti-
tuted C,-C,, alkylene group, or a substituted or unsubsti-
tuted phenylene group,

[0033] Y may be a crosslinking group,
[0034] p may be an integer greater than or equal to 1, and
[0035] when p is two or more, two or more groups L may

be identical to or different from each other, and when p is
two or more, two or more groups Y may be identical to or
different from each other.

Formula 3
—tAmt
[0036] In Formula 3,
[0037] Ar,, may be a substituted or unsubstituted divalent

C4-C5, carbocyclic group or a substituted or unsubstituted
divalent C-C, heterocyclic group.
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[0038] Another aspect of the present disclosure provides a
composition including: the polymer described above; and a
solvent or a dispersion medium.

[0039] Another aspect of the present disclosure provides
an organic light-emitting device including:

[0040] a first electrode;
[0041] a second electrode; and
[0042] an organic layer disposed between the first elec-

trode and the second electrode, wherein the organic layer
includes an emission layer, and

[0043] wherein the organic layer includes the polymer
described above.

[0044] Another aspect of the present disclosure provides a
method of manufacturing an organic light-emitting device,
which includes a first electrode, a second electrode, and an
organic layer disposed between the first electrode and the
second electrode, wherein the organic layer includes an
emission layer and a layer including the polymer, the method
including forming a layer including the polymer by solution
coating using a composition including the polymer and a
solvent or a dispersion medium.

BRIEF DESCRIPTION OF THE DRAWING

[0045] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the FIGURE
which is a schematic view of an organic light-emitting
device according to an embodiment.

DETAILED DESCRIPTION

[0046] 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.

[0047] 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.

[0048] Tt 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.

[0049] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended

G, Y 66 23

to be limiting. As used herein, the singular forms “a,” “an,
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and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0050] 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.

[0051] 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.

[0052] 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.
[0053] “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.

[0054] The term “x to y” indicating a range, as used
herein, means “greater than or equal to x and less than or
equal to y”.

[0055] 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.

[0056] In an embodiment, a polymer is provided. The
polymer according to an embodiment may include at least
one first repeating unit represented by Formula 1:

/|\I4 TIZ
Ats— N Arjg— Ar— A~y N— Ary 71—

[0057] In Formula 1,
[0058] Ar, and Ar, may each independently be selected
from hydrogen, a substituted or unsubstituted C,-C, alkyl

Formula 1
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group, a substituted or unsubstituted C;-C, cycloalkyl
group, a substituted or unsubstituted C, -C,, alkoxy group, a
substituted or unsubstituted C,-C, 4 cycloalkoxy group, a
substituted or unsubstituted C,-C,, aryl group, a substituted
or unsubstituted C¢-C,, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or unsub-
stituted monovalent Cs-C,, heterocyclic group, and
—N(Q,)(Q,), and

[0059] at least one of Ar, and Ar, may each independently
be selected from a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,,, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkoxy group, a
substituted or unsubstituted C4-C; aryl group, a substituted
or unsubstituted C,-C,, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or unsub-
stituted monovalent Cs-C;, heterocyclic group, and
—N(Q)Qy)

[0060] Q, and Q, may each independently be selected
from hydrogen, a substituted or unsubstituted C,-C, alkyl
group, and a substituted or unsubstituted C,-C,, aryl group.
[0061] In an embodiment, at least one of Ar, and Ar, in
Formula 1 may be a substituted or unsubstituted C4-C,, aryl
group or a substituted or unsubstituted monovalent C5-Cs,
heterocyclic group, but embodiments of the present disclo-
sure are not limited thereto.

[0062] In an embodiment, at least one of Ar, and Ar, in
Formula 1 may be a substituted or unsubstituted C,-C,, aryl
group, but embodiments of the present disclosure are not
limited thereto. When at least one of Ar, and Ar, is a
substituted or unsubstituted C,-C,, aryl group, the polymer
including the first repeating unit represented by Formula 1
has a high triplet energy level.

[0063] Inan embodiment, in terms of the improvement in
triplet energy level, Ar, and Ar, in Formula 1 may each
independently be a substituted or unsubstituted C4-C,, aryl
group, but embodiments of the present disclosure are not
limited thereto.

[0064] In an embodiment, in Formula 1, Ar, and Ar, may
each independently be selected from:

[0065] hydrogen, a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
iso-butyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neo-pentyl group, a 1,2-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-ethylpentyl
group, a 2-methyl-1-iso-propylpropyl group, a 1-ethyl-3-
methylbutyl group, an n-octyl group. a 2-ethylhexyl group,
a 3-methyl-1-iso-propylbutyl group, a 2-methyl-1-iso-pro-
pyl 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-pentadecyl 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-do-
cosyl group, an n-tricosyl group, an n-tetracosyl group, a
methoxy group, an ethoxy group, a propoxy group, an
is0-propoxy group, an n-butoxy group, an iso-butoxy group,
a sec-butoxy group, tert-butoxy group, an n-pentoxy group,
an iso-pentoxy group, a tert-pentoxy group, a neo-pentoxy
group, an n-hexyloxy group, an iso-hexyloxy group, a
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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 heptadecyloxy group, an
octadecyloxy group, a 2-ethylhexyloxy group, a 3-ethylpen-
tyloxy group, a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, a phenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indaceny! group, an
acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, an epoxy group, an aziridine
group, a thiirane group, an oxetane group, an azetidine
group, a thiethane group, a tetrahydrofuran group, a dioxo-
lane group, a pyrrolidine group, a pyrazolidine group, an
imidazolidine group, an oxazolidine group, a tetrahydroth-
iophene group, a sulfolane group, a thiazolidine group, an
g-caprolactone group, an g-caprolactam group, a piperidine
group, a hexahydropyridazine group, a hexahydropyrimi-
dine group, a piperazine group, a morpholine group, a
tetrahydropyran group, a 1,3-dioxane group, a 1,4-dioxane
group, a trioxane group, a tetrahydrothiopyran group, a
thiomorpholine group, a thiomorpholine-1,1-dioxide group,
a pyranose group, a diazabicyclo[2,2,2]-octane group, a
phenoxazine group, a phenothiazine group, an oxanthrene
group, a thioxanthene group, a phenoxathiin group, a pyr-
rolyl group, an imidazolyl group, a pyrazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoxazolyl group, a
benzimidazolyl group, a furanyl group, a benzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a
thiazolyl group, an isothiazolyl group, a benzothiazolyl
group, an isoxazolyl group, an oxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, an
imidazopyridimidinyl group, and an imidazopyridinyl
group; and

[0066] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
nyl group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, an epoxy
group, an aziridine group, a thiirane group, an oxetane
group, an azetidine group, a thiethane group, a tetrahydro-
furan group, a dioxolane group, a pyrrolidine group, a
pyrazolidine group, an imidazolidine group, an oxazolidine
group, a tetrahydrothiophene group. a sulfolane group, a
thiazolidine group, an e-caprolactone group, an g-capro-
lactam group, a piperidine group, a hexahydropyridazine
group, a hexahydropyrimidine group, a piperazine group, a
morpholine group, a tetrahydropyran group, a 1,3-dioxane
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group, a 1,4-dioxane group, a trioxane group, a tetrahydro-
thiopyran group, a thiomorpholine group, a thiomorpholine-
1,1-dioxide group, a pyranose group, a diazabicyclo[2,2,2]-
octane group, a phenoxazine group, a phenothiazine group,
an oxanthrene group, a thioxanthene group, a phenoxathiin
group, a pyrrolyl group, an imidazolyl group, a pyrazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group, a
phthalazinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthridinyl group, an acridinyl group, a
phenanthroliny] group. a phenazinyl group, a benzoxazolyl
group, a benzimidazolyl group, a furanyl group, a benzo-
furanyl group, a thiophenyl group, a benzothiophenyl group,
a thiazolyl group, an isothiazolyl group, a benzothiazolyl
group, an isoxazolyl group, an oxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, an
imidazopyridimidinyl group, and an imidazopyridinyl
group, substituted 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 thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkenyl group, a C,-C,, alkynyl group, a C5-C, ¢ cycloalkyl
group, a C,-C,, alkoxy group, a C,-C cycloalkoxy group,
a Cyg-Cyy aryl group, a C4-Cy, aryloxy group, a Cg-Cy,
arylthio group, and a C,-C,, heteroaryl group, but embodi-
ments of the present disclosure are not limited thereto.
[0067] In one or more embodiments, in Formula 1, Are
and Ar, may each independently be a substituted or unsub-
stituted phenyl group, but embodiments of the present
disclosure are not limited thereto.

[0068] InFormula 1, Ar, and Ar, may each independently
be selected from a substituted or unsubstituted divalent
C-C,, carbocyclic group, and a substituted or unsubstituted
divalent C-C5, heterocyclic group.

[0069] Inan embodiment, in Formula 1, Ar; and Ars may
each independently be selected from:

[0070] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, an epoxy group, an aziridine group, a thiirane
group, an oxetane group, an azetidine group, a thiethane
group, a tetrahygrofuran group, a dioxolane group, a pyrro-
lidine group, a pyrazolidine group, an imidazolidine group,
an oxazolidine group, a tetrahydrothiophene group, a sulfo-
lane group, a thiazolidine group, an g-caprolactone group, an
g-caprolactam group, a piperidine group, a hexahydro-
pyridazine group, a hexahydropyrimidine group, a pipera-
zine group, a morpholine group, a tetrahydropyran group, a
1,3-dioxane group, a 1,4-dioxane group, a trioxane group, a
tetrahydrothiopyran group, a thiomorpholine group, a thio-
morpholine-1,1-dioxide group, a pyranose group. a diazabi-



US 2018/0182966 A1l

cyclo[2,2,2]-octane group, a phenoxazine group, a phenothi-
azine group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolylene group, an imidazolylene
group, a pyrazolylene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, an
indazolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinoxalinylene group, a quinazolinylene group, a ¢inno-
linylene group, a carbazolylene group, a phenanthridinylene
group, an acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzoxazolylene group, a benzimi-
dazolylene group, a furanylene group, a benzofuranylene
group, a thiophenylene group, a benzothiophenylene group,
a thiazolylene group, an isothiazolylene group, a benzothi-
azolylene group, an isoxazolylene group, an oxazolylene
group, a triazolylene group, a tetrazolylene group, an oxadi-
azolylene group, a triazinylene group, a dibenzofuranylene
group, a dibenzothiophenylene group, a benzocarbazolylene
group, a dibenzocarbazolylene group, an imidazopyrimidi-
nylene group, and an imidazopyridinylene group; and

[0071] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, an epoxy group, an aziridine group, a thiirane
group, an oxetane group, an azetidine group, a thiethane
group, a tetrahydrofuran group, a dioxolane group, a pyrro-
lidine group, a pyrazolidine group, an imidazolidine group,
an oxazolidine group, a tetrahydrothiophene group, a sulfo-
lane group, a thiazolidine group, an e-caprolactone group, an
g-caprolactam group, a piperidine group, a hexahydro-
pyridazine group, a hexahydropyrimidine group, a pipera-
zine group, a morpholine group, a tetrahydropyran group, a
1,3-dioxane group, a 1,4-dioxane group, a trioxane group, a
tetrahydrothiopyran group, a thiomorpholine group, a thio-
morpholine-1,1-dioxide group, a pyranose group, a diazabi-
cyclo[2,2,2]-octane group, a phenoxazine group, a phenothi-
azine group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolyl group, an imidazolyl group,
a pyrazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a purinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoxazolyl group, a benzimidazolyl group, a
furanyl group, a benzofuranyl group. a thiophenyl group, a
benzothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridimidinyl group,
and an imidazopyridinyl group, each substituted with at least
one selected from deuterrum, —F, —Cl, —Br, —I, a
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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,, alkyl group, a C,-C,, alkenyl group, a
C,-C,, alkynyl group, a C;-C, ¢ cycloalkyl group, a C,-C,,
alkoxy group, a C,-C,4 cycloalkoxy group, a C4-Cy, aryl
group, a C4-Cy, aryl group substituted with C,-C,, alkyl
group, a C4-C,, aryloxy group, a C4-C,,, arylthio group, and
a C5-C;, heteroaryl group, but embodiments of the present
disclosure are not limited thereto.

[0072] In an embodiment, at least one of Ar; and Ars in
Formula 1 may each independently be a substituted or
unsubstituted divalent C;-C;, carbocyclic group, but
embodiments of the present disclosure are not limited
thereto. When at least one of Ar; and Ar; is each indepen-
dently a substituted or unsubstituted divalent C4-C,, carbo-
cyclic group, the polymer including the first repeating unit
represented by Formula 1 has a high triplet energy level.
[0073] In one or more embodiments, at least one of Ar,
and Ar; in Formula 1 may each independently be a substi-
tuted or unsubstituted phenylene group, but embodiments of
the present disclosure are not limited thereto.

[0074] In Formula 1, at least one of Ar, and Ar, may
optionally be linked to Ar, to form a ring structure, and at
least one of Ar, and Ar; may optionally be linked to Ar,, to
form a ring structure.

[0075] In an embodiment, in Formula 1, Ary and Ar,
and/or Ars and Ar, , may be linked to form a ring structure,
but embodiments of the present disclosure are not limited
thereto.

[0076] InFormula 1, mindicates the number of repetitions
of moieties represented by *—N(Ar, }—Ar,—*, and m may
be an integer greater than or equal to 1. When m is two or
more, two or more groups Ar, may be identical to or
different from each other, and when m is two or more, two
or more groups Ar; may be identical to or different from
each other.

[0077] In Formula 1, nindicates the number of repetitions
of moieties represented by *—N(Ar,)—Ar,—*', and n may
be an integer greater than or equal to 1. When n is two or
more, two or more groups Ar, may be identical to or
different from each other, and when n is two or more, two or
more groups Ars may be identical to or different from each
other.

[0078] In an embodiment, in terms of the improvement in
triplet energy level, m and n may each independently be an
integer from 1 to 4, but embodiments of the present disclo-
sure are not limited thereto.

[0079] In an embodiment, m and n may each be 1, but
embodiments of the present disclosure are not limited
thereto.

[0080] InFormulal, Ar,and Ar,, may each independently
be selected from a single bond, a substituted or unsubstituted
divalent C4-C,, carbocyclic group, and a substituted or
unsubstituted divalent Cs-C,, heterocyclic group, and
[0081] at least one of Ar, and Ar,, may be selected from
a substituted or unsubstituted divalent C,-C;, carbocyclic
group and a substituted or unsubstituted divalent C5-C,,
heterocyclic group.

[0082] When at least one of Ar, and Ar,, is selected from
a substituted or unsubstituted divalent C,-C,, carbocyclic
group and a substituted or unsubstituted divalent C5-Cy,
heterocyclic group, the polymer including the first repeating
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unit represented by Formula 1 may have a high triplet energy
level, and an organic light-emitting device including the
polymer may have high efficiency and a long lifespan.

[0083] Inanembodiment,in Formula 1, Ar, and Ar,, may
each independently be selected from:

[0084] a single bond, a phenylene group, a pentalenylene
group, an indenylene group, a naphthylene group, an azu-
lenylene group, a heptalenylene group, an indacenylene
group, an acenaphthylene group, a fluorenylene group, a
spiro-fluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a fluoranthe-
nylene group, a triphenylenylene group, a pyrenylene group,
a chrysenylene group, a naphthacenylene group, a pice-
nylene group, a perylenylene group, a pentaphenylene
group, a hexacenylene group, an epoxy group, an aziridine
group, a thiirane group, an oxetane group, an azetidine
group, a thiethane group, a tetrahygrofuran group, a dioxo-
lane group, a pyrrolidine group, a pyrazolidine group, an
imidazolidine group, an oxazolidine group, a tetrahydroth-
iophene group, a sulfolane group, a thiazolidine group, an
g-caprolactone group, an g-caprolactam group, a piperidine
group, a hexahydropyridazine group, a hexahydropyrimi-
dine group, a piperazine group, a morpholine group, a
tetrahydropyran group, a 1,3-dioxane group, a 1,4-dioxane
group, a trioxane group, a tetrahydrothiopyran group, a
thiomorpholine group, a thiomorpholine-1,1-dioxide group,
a pyranose group, a diazabicyclo[2,2,2]-octane group, a
phenoxazine group, a phenothiazine group, an oxanthrene
group, a thioxanthene group, a phenoxathiin group, a pyr-
rolylene group, an imidazolylene group, a pyrazolylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, an isoindolylene
group, an indolylene group, an indazolylene group, a puri-
nylene group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene group,
a quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzoxazolylene group, a benzimidazolylene group, a
furanylene group, a benzofuranylene group, a thiophenylene
group, a benzothiophenylene group, a thiazolylene group, an
isothiazolylene group, a benzothiazolylene group, an isox-
azolylene group, an oxazolylene group, a triazolylene group,
a tetrazolylene group, an oxadiazolylene group, a triazi-
nylene group, a dibenzofuranylene group, a dibenzothiophe-
nylene group, a benzocarbazolylene group, a dibenzocarba-
zolylene group, an imidazopyrimidinylene group, and an
imidazopyridinylene group; and

[0085] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, an epoxy group, an aziridine group, a thiirane
group, an oxetane group, an azetidine group, a thiethane
group, a tetrahydrofuran group, a dioxolane group, a pyrro-
lidine group, a pyrazolidine group, an imidazolidine group,
an oxazolidine group, a tetrahydrothiophene group, a sulfo-
lane group, a thiazolidine group, an e-caprolactone group, an
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g-caprolactam group, a piperidine group, a hexahydro-
pyridazine group, a hexahydropyrimidine group, a pipera-
zine group, a morpholine group, a tetrahydropyran group, a
1,3-dioxane group, a 1,4-dioxane group, a trioxane group, a
tetrahydrothiopyran group, a thiomorpholine group, a thio-
morpholine-1,1-dioxide group, a pyranose group, a diazabi-
cyclo[2,2,2]-octane group, a phenoxazine group, a phenothi-
azine group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolyl group, an imidazolyl group,
a pyrazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a purinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoxazolyl group, a benzimidazolyl group, a
furanyl group, a benzofuranyl group. a thiophenyl group, a
benzothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridimidinyl group,
and an imidazopyridinyl group, each substituted 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 thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,q alkynyl group, a C5-C ; cycloalkyl group, a C,-C,,
alkoxy group, a C,;-C,4 cycloalkoxy group, a C4-C,, aryl
group, a C,-C,, aryl group substituted with C,-C,, alkyl
group, a C4-Cy, aryloxy group, a Cy-Cs, arylthio group, and
a C5-C,, heteroaryl group, but embodiments of the present
disclosure are not limited thereto.

[0086] Inan embodiment, in Formula 1, Arg and Ar,, may
each independently be selected from:

[0087] a phenylene group and a carbazolylene group; and
[0088] a phenylene group and a carbazolylene group, each
substituted 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 thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkenyl group, a C,-C,, alkynyl group, a C5-C, ¢ cycloalkyl
group, a C,-C,, alkoxy group, a C,-C, 4 cycloalkoxy group,
a C4-Cs, aryl group, a C4-Cy aryl group substituted with
C,-Cy alkyl group, a Cg-Csq aryloxy group, a Cg-Cyy
arylthio group, and a C,-C,, heteroaryl group, but embodi-
ments of the present disclosure are not limited thereto.
[0089] Inoneormore embodiments, in Formula 1, Ar, and
Ar,, may each independently be selected from divalent
groups represented by Formulae 5-1 to 5-5; but embodi-
ments of the present disclosure are not limited thereto:

5-1
X (Z3)as

AN
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-continued
52
(Z3)a

53

54

5-5

[0090] In Formulae 3-1 to 5-5,

[0091] Z, to Z, may each independently be selected from
hydrogen, deuterium, —F, —CI, —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;-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,-C, 4 cycloalkyl group, a C,-C,, alkoxy
group, a C;-C 4 cycloalkoxy group, a C4-C,, aryl group, a
Cs-C5, aryl group substituted with a C,-C,, alkyl group, a
Cs-Cs5, aryloxy group, a C4-C,, arylthio group, and a C5-C,,
heteroaryl group,

[0092] d3 may be an integer from 1 to 3,

[0093] d4 may be an integer from 1 to 4, and

[0094] * and * each indicate a binding site to a neighbor-
ing atom.

[0095] In one or more embodiments, Z in Formulae 5-4

and 5-5 may be selected from a phenyl group and a phenyl
group substituted with a C,-C,, alkyl group, but embodi-
ments of the present disclosure are not limited thereto.
[0096] An in Formula 1-1 may be a divalent group rep-
resented by Formula 1-1:

Formula 1-1

N
*— Arg Ar;—*',

N

[0097] W, and W, in Formula 1-1 may each independently
be a divalent linking group represented by —X—7— or
—7—X—.
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[0098] X may be a substituted or unsubstituted C,-C,,
alkylene group. a substituted or unsubstituted C,-C,,, alk-
enylene group, a substituted or unsubstituted C,-C,, alky-
nylene group, a substituted or unsubstituted C;-C,,
cycloalkylene group, a substituted or unsubstituted C;-C,,
cycloalkenylene group, or a substituted or unsubstituted
Cs-Cg arylene group, and 7 may be a single bond, —O—,
4C(:O)7s 7N(Q3)'s —S—, 78(:0)27: or 7SI(Q3)
(Q4)'~

[0099] Q,; and Q, may each independently be selected
from hydrogen and a substituted or unsubstituted C,-Cy
alkyl group, but embodiments of the present disclosure are
not limited thereto.

[0100] Inan embodiment, in terms of the improvement in
triplet energy level, W, and W, in Formula 1-1 may each
independently be a divalent group represented by
—(CR,R,),—

[0101] R, and R, may each independently be selected
from hydrogen, a substituted or unsubstituted C,-C,,, alkyl
group, a substituted or unsubstituted C;-C, cycloalkyl
group, a substituted or unsubstituted C, -C,, alkoxy group, a
substituted or unsubstituted C5-C,4 cycloalkoxy group, a
substituted or unsubstituted C-C,, aryl group, a substituted
or unsubstituted C¢-Cs, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or unsub-
stituted C-C,,, heteroaryl group, and —N(Q,)(Q,).

[0102] In the above formula, q indicates the number of
repetitions of moieties represented by —(CR;R,)—, and q
may be an integer from 1 to 4. When q is two or more, two
or more groups —(CR R, }— may be identical to or different
from each other.

[0103] Inanembodiment, g may be 2, but embodiments of
the present disclosure are not limited thereto.

[0104] Ar, and Ar, in Formula 1-1 may each indepen-
dently be selected from a substituted or unsubstituted triva-
lent C4-Cy, carbocyclic group and a substituted or unsub-
stituted trivalent C5-C,, heterocyclic group.

[0105] Inanembodiment, Ar, and Ar, in Formula 1-1 may
each independently be selected from a substituted or unsub-
stituted trivalent aromatic C4-Cs, carboeyclic group and a
substituted or unsubstituted trivalent aromatic C5-Cs, het-
erocyclic group.

[0106] In an embodiment, in Formula 1-1, Ar, and Ar,
may each independently be selected from:

[0107] a benzene group, a pentalene group, an indene
group, a naphthalene group, an azulene group, a heptalene
group, an indacene group, an acenaphthalene group, a fluo-
rene group, a spiro-fluorene group, a phenalene group, a
phenanthrene group, an anthracene group, a fluoranthene
group, a pyrene group, a chrysene group, a naphthacene
group, a picene group, a perylene group, a pentaphenylene
group, a hexacene group, a pyrrole group, an imidazole
group, a pyrazole group, a pyridine group, a pyrazine group,
a pyrimidine group, a pyridazine group, an iso-indole group,
an indole group, an indazole group, a purine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a phthalazine group, a naphthyridine group, a qui-
noxaline group, a quinazoline group, a cinnoline group, a
carbazole group, a phenanthridine group, an acridine group,
a phenanthroline group, a phenazine group, a benzoxazole
group, a benzimidazole group, a furan group, a benzofuran
group, a thiophene group, a benzothiophene group, a thiaz-
ole group, an isothiazole group. a benzothiazole group, an
iso-oxazole group, an oxazole group, a triazole group, a



US 2018/0182966 A1l

tetrazole group, an oxadiazole group, a triazine group, a
dibenzofuran group, a dibenzothiophene group, a benzocat-
bazole group, a dibenzocarbazole group, an imidazopyrimi-
dine group, and an imidazopyridine group; and

[0108] a benzene group, a pentalene group, an indene
group, a naphthalene group, an azulene group, a heptalene
group, an indacene group, an acenaphthalene group, a fluo-
rene group, a spiro-fluorene group, a phenalene group, a
phenanthrene group, an anthracene group, a fluoranthene
group, a pyrene group, a chrysene group, a naphthacene
group, a picene group, a perylene group, a pentaphenylene
group, a hexacene group, a pyrrole group, an imidazole
group, a pyrazole group, a pyridine group, a pyrazine group,
a pyrimidine group, a pyridazine group, an iso-indole group,
an indole group, an indazole group, a purine group, a
quinoline group, an isoquinoline group, a benzoquinoline
group, a phthalazine group, a naphthyridine group, a qui-
noxaline group, a quinazoline group, a cinnoline group, a
carbazole group, a phenanthridine group, an acridine group,
a phenanthroline group, a phenazine group, a benzoxazole
group, a benzimidazole group, a furan group, a benzofuran
group, a thiophene group, a benzothiophene group, a thiaz-
ole group, an isothiazole group, a benzothiazole group, an
iso-oxazole group, an oxazole group, a triazole group, a
tetrazole group, an oxadiazole group, a triazine group, a
dibenzofuran group, a dibenzothiophene group, a benzocar-
bazole group, a dibenzocarbazole group, an imidazopyrimi-
dine group, and an imidazopyridine group, each substituted
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 thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkenyl group, a C,-Cy, alkynyl group, a C5-C, ; cycloalkyl
group, a C,-C,, alkoxy group, a C,-C, , cycloalkoxy group,
a C4-Cs, aryl group, a C4-Cy, aryl group substituted with
C,-C,y alkyl group, a Cg-Csy aryloxy group, a Cg-Csy,
arylthio group, and a C5-C,, heteroaryl group, but embodi-
ments of the present disclosure are not limited thereto.
[0109] In an embodiment, in Formula 1-1, Ar, and Ar,
may each independently be a substituted or unsubstituted
trivalent C;-C;, carbocyclic group, but embodiments of the
present disclosure are not limited thereto.

[0110] In one or more embodiments, in Formula 1-1, Ar,
and Arg may each independently be selected from:

[0111] a benzene group; and

[0112] a benzene group substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro 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,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,-C 4 cycloalkyl group, a C,-C,, alkoxy
group, a C5-C, ¢ cycloalkoxy group, a C4-C,, aryl group, a
C¢-C,, aryl group substituted with a C,-C,,, alkyl group, a
Cs-Cs5, aryloxy group, a C4-C,, arylthio group, and a C5-Cy,
heteroaryl group, but embodiments of the present disclosure
are not limited thereto.

[0113] Formula 1-1 may have a cyclophane structure in
which Ar, and Ary are linked by crosslinking having a chain
structure of two or more carbons or the like.

[0114] In an embodiment, Formula 1-1 may be a divalent
group represented by Formula 1-2, but embodiments of the
present disclosure are not limited thereto:
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Formula 1-2
Zas

L)a

[0115]

[0116] 7, and Z, may each independently be selected from
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a hitro 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,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,-C, 4 cycloalkyl group, a C,-C,, alkoxy
group, a C;-C ¢ cycloalkoxy group, a C,-C,, aryl group, a
Cs-C5 aryl group substituted with a C,-C,, alkyl group, a
Cs-Cyy aryloxy group, a C¢-C, arylthio group, and a C5-Cs,
heteroaryl group,

In Formula 1-2,

[0117] d3 may be an integer from 1 to 3, and

[0118] * and *' each indicate a binding site to a neighbor-
ing atom.

[0119] In one or more embodiments, Formula 1-1 may be

selected from divalent groups represented by Formulae 4-1
to 4-4, but embodiments of the present disclosure are not
limited thereto:

41
Z1)a
L)a3

42
K @Da3
L2a3

43

K Za
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-continued

Z)a

44

@)

[0120] In Formulae 4-1 to 4-4,

[0121] Z, and Z, may each independently be selected from
hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl
group, a cyano group, a hitro 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,, alkyl group, a C,-C,, alkenyl group, a C,-C,,, alkynyl
group, a C;-C,  cycloalkyl group, a C,-C,, alkoxy group, a
C;-C,¢ cycloalkoxy group, a C,-C,, aryl group, a C4-Cy,
aryl group substituted with a C,-C,, alkyl group, a C4-C;,
aryloxy group, a C4-C,, arylthio group, and a C5-C,, het-
eroaryl group,

[0122] d3 may be an integer from 1 to 3, and

[0123] * and * each indicate a binding site to a neighbor-
ing atom.
[0124] In an embodiment, Formula 1-1 may be selected

from divalent groups represented by Formulae 4-1 to 4-4,
and Ar, and Ar,, may each independently be selected from
divalent groups represented by Formulae 5-1 to 5-5, but
embodiments of the present disclosure are not limited
thereto.

[0125] In an embodiment, a divalent group represented by
*—Ary—Ar,—Ar,—*' in Formula 1 may be a divalent
group represented by Formula 7-1 or 7-2, but embodiments
of the present disclosure are not limited thereto:

7-1

Z)m

223

7-2

(Z3))a

Z33)s3

(Zs)a

Za)w

Z39)a3
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[0126] In Formulae 7-1 and 7-2,

[0127] Z,, and Z,, to 7,5 may each independently be
selected from hydrogen, 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,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,, alkynyl group, a C,-C, 4 cycloalkyl group, a C,-C,,
alkoxy group, a C;-C,4 cycloalkoxy group, a C4-Cy, aryl
group, a C4-C5, aryl group substituted with a C,-C,,, alkyl
group, a C¢-Cy, aryloxy group, a C4-Cyy arylthio group, and
a C5-C;, heteroaryl group,

[0128] d3 may be an integer from 1 to 3,

[0129] d4 may be an integer from 1 to 4, and

[0130] * and * each indicate a binding site to a neighbor-
ing atom.

[0131] In one or more embodiments, 7,5 and 7 in For-

mula 7-2 may each independently be selected from a C,-C,,
alkyl group, a Cs-Cy, aryl group, a C¢-Cy aryl group
substituted with a C,-C,, alkyl group, and a C5-Cs, het-
eroaryl group.

[0132] In an embodiment, Formula 1 may be represented
by one of Formula 1A to 1F, but embodiments of the present
disclosure are not limited thereto:

1A
(le)ds\_
\ / Z)a
X
Z13)m N 12)as
N
7|84
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[0133] In Formulae 1A to 1F,

[0134] Z,, to Z,, may each independently be selected
from hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro 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,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C;-C, 4 cycloalkyl group, a C,-C,, alkoxy
group, a C;-C, ¢ cycloalkoxy group, a C4-C,, aryl group, a
Cs-Cs4, aryl group substituted with a C,-C,, alkyl group, a
Cs-C,, aryloxy group, a C4-C,, arylthio group, and a C5-C,,
heteroaryl group,

@1

Z16)a

[0135] d3 may be an integer from 1 to 3,

[0136] d4 may be an integer from 1 to 4,

[0137] d5 may be an integer from 1 to 5, and

[0138] * and * each indicate a binding site to a neighbor-

ing atom.

Jun. 28,2018

[0139] The polymer may further include at least one of a
second repeating unit represented by Formula 2 and a third
repeating unit represented by Formula 3:

Formula 2

d——

)

[0140] Ar,, in Formula 2 may be a substituted or unsub-
stituted (2+p)-valent C4-C,, carbocyclic group or a substi-
tuted or unsubstituted (2+p)-valent C,-C;, heterocyclic
group.

[0141] In an embodiment, Ar;, in Formula 2 may be a
substituted or unsubstituted (2+p)-valent aromatic C,-C,,
carbocyclic group or a substituted or unsubstituted (2+p)-

valent aromatic Cs-C,, heterocyclic group, but embodi-
ments of the present disclosure are not limited thereto.

[0142] In an embodiment, Ar,, in Formula 2 may be
selected from:
[0143] a phenylene group, a fluorenylene group, a diben-

zofuranylene group, a dibenzothiophenylene group, and a
triphenylenylene group; and

[0144] a phenylene group, a fluorenylene group, a diben-
zofuranylene group, a dibenzothiophenylene group, and a
triphenylenylene group, each substituted 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 thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a fluorenyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, and a triphenyleny! group, but embodi-
ments of the present disclosure are not limited thereto.

[0145] In an embodiment, Ar,, in Formula 2 may be
selected from groups represented by Formulae 8-1 to 8-4,
but embodiments of the present disclosure are not limited
thereto:

81
Y Y
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Y Y
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[0146] In an embodiment, Ar,; in Formula 2 may be
represented by Formula 8-2, but embodiments of the present
disclosure are not limited thereto.

[0147] L in Formula 2 may be a single bond, a substituted
or unsubstituted C,-C,, alkylene group, or a substituted or
unsubstituted phenylene group.

[0148] In an embodiment, L in Formula 2 may be a single
bond or a C,-Cq4 alkylene group, but embodiments of the
present disclosure are not limited thereto.

[0149] In one or more embodiments, L in Formula 2 may
be a single bond, a methylene group, an ethylene group, or
a trimethylene group, but embodiments of the present dis-
closure are not limited thereto.

[0150] In one or more embodiments, L in Formula 2 may
be a single bond or a trimethylene group, but embodiments
of the present disclosure are not limited thereto.

[0151]

[0152] Inanembodiment,Y in Formula 2 may be selected
from groups represented by Formulae 9-1 to 9-8, but
embodiments of the present disclosure are not limited
thereto:

Y in Formula 2 may be a crosslinking group.

- 9-1
H
]
Rio
9-2
0, Ry
H
- 9-3
— H
X_/ {
T\ R
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[0153] In Formulae 9-1 to 9-8,

[0154] R,, to R, may each independently be selected
from hydrogen and a substituted or unsubstituted C,-C,,
alkyl group,

[0155] q may be an integer from 1 to 10, and
[0156] * indicates a bond to a neighboring atom.
[0157] In one or more embodiments, Y in Formula 2 may

be a bicyclo[4,2,0]octa-1,3,5-trienyl group or a vinyl group.
In this case, the stability and the electrochemical stability of
the crosslinking structure may be improved. In one or more
embodiments, Y in Formula 2 may be a cyclic ether group
such as an epoxy group and an oxetane group, or a vinyl
ether group. In this case, the cross-linkability of the polymer
including the second repeating unit represented by Formula
2 may be improved.

bieyelo[4,2,0]octa-1,3,5-trienyl group

[0158] In Formula 2, p indicates the number of substitu-
ents represented by *-L-Y, and p may be an integer greater
than or equal to 1. When p is two or more, two or more
groups L. may be identical to or different from each other,
and when p is two or more, two or more groups Y may be
identical to or different from each other.

[0159] In an embodiment, p may be an integer from 1 to
3, but embodiments of the present disclosure are not limited
thereto.

[0160] In one or more embodiments, p may be 2, but
embodiments of the present disclosure are not limited
thereto.

[0161] In an embodiment, Formula 2 may be represented
by one of the following formulae, but embodiments of the
present disclosure are not limited thereto:
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Formula 3

—tArpt+=-

[0162] In Formula 3, Ar,, may be a substituted or unsub-
stituted divalent C4-Cs,, carboceyclic group or a substituted or
unsubstituted divalent Cs-C;, heterocyclic group.

[0163] In an embodiment, in Formula 3, Ar,, may be a
substituted or unsubstituted divalent aromatic C4-Cs, car-
boeyclic group or a substituted or unsubstituted divalent
aromatic C5-Cs, heterocyclic group, but embodiments of the
present disclosure are not limited thereto.

[0164] In an embodiment, in Formula 3, Ar,, may be
selected from:
[0165] a phenylene group, a naphthylene group, a phenan-

threnylene group, a triphenylene group, a pyridinylene
group, a pyrimidinylene group, and a triazinylene group; and

[0166] a phenylene group, a naphthylene group, a phenan-
threnylene group, a triphenylene group, a pyridinylene
group, a pyrimidinylene group, and a triazinylene group,
each substituted 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 thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, a phenan-
threnyl group, a triphenyl group, a pyridinyl group, a pyrim-
idinyl group, and a triazinyl group, but embodiments of the
present disclosure are not limited thereto.

[0167] In an embodiment, in Formula 3, Ar,, may be
selected from:

[0168] a phenylene group; and

[0169] a phenylene group substituted with at least one

selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro 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,, alkyl group, a C,-C,, alkoxy group, and a phenyl
group, but embodiments of the present disclosure are not
limited thereto.

[0170] In one or more embodiments, Formula 3 may be
represented by Formula 3A, but embodiments of the present
disclosure are not limited thereto:
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Formula 3A

R

[0171] In Formula 3A, R and R' each independently
indicate a C,-C,, alkyl group.

[0172] At least one substituent of the substituted C,-C,,
alkyl group, the substituted C;-C,¢ cycloalkyl group, the
substituted C,-C,, alkoxy group, the substituted C,-C,,
cycloalkoxy group, the substituted C4-C,, aryl group, the
substituted C4-Cy, aryloxy group, the substituted C,-C,,
aralkyl group, the substituted monovalent Cs-C;, heterocy-
clic group, the substituted C,-C,, alkylene group, the sub-
stituted C,-C,, alkenylene group, the substituted C,-C,,
alkynylene group, the substituted C,-C,, cycloalkylene
group, the substituted C;-C,, cycloalkenylene group, the
substituted C4-Cs, arylene group, the substituted divalent
Cs-C5y carbocyclic group, the substituted divalent C5-Cs,
heterocyclic group, the substituted trivalent C4-C,, carbo-
cyclic group, and the substituted trivalent Cs-C;, heterocy-
clic group is selected from:

[0173] 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,-Cg, alkenyl group, a C,-Cy, alkynyl group,
and a C,-C, alkoxy group;

[0174] a C,-Cg, alkyl group, a C,-C,, alkenyl group, a
C,-Cq, alkynyl group, and a C,-Cg, alkoxy group, each
substituted 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 thereof, a phosphoric
acid group or a salt thereof, a C5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg, aryl
group, a C¢-Cy, aryloxy group, a C-Cy, arylthio group, a
C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q,,)(Q;,)(Q,5),
—N(Q)(Q5), and —B(Q,6)(Qy5);

[0175] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cg, aryl group, a Cy-Cep
aryloxy group, a C,-C,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyelic group;

[0176] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a C4-Cgy
aryloxy group, a C4-C,,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
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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,
alkyl group, a C,-Cg, alkenyl group, a C,-C, alkynyl group,
a C,-C, alkoxy group, a C,-C,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a Cy4-Cgy, aryl group, a
Cs-Cyo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyelic  group, —S8i(Q;,)(Q22)(Qa3)s —N(Q24)
(Q25)s and 7B(Q26)(Q27); and

[0177]  —Si(Q3)(Q3,)(Qs5). —N(Q:)(Qs5), and
7B(Q36)(Q37)5
[0178] wherein Q,; to Q,;, Qs t0 Q,;, and Q5 to Q5 are

each independently selected from hydrogen, a C,-C,, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
alkoxy group, a C,-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C4-C, aryl group, a C;-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group.

[0179] In order to manufacture a large organic light-
emitting device at a lower cost, solution coating may be
used. The solution coating has high material utilization
efficiency and facilitates the manufacture of a large organic
light-emitting device, as compared with vacuum deposition.
Also, the solution coating has an advantage in that vacuum
equipment is not required and equipment cost is low. For
example, JP 2013-018946 A discloses the use of a charge
transport material having a polymeric structure.

[0180] However, since a triplet energy level of the poly-
mer disclosed in JP 2013-018946 A is not sufficiently high,
the polymer cannot achieve desired current efficiency.

[0181] The polymer according to the embodiment may
have a high triplet energy level. Also, the polymer is suitable
for film formation using solution coating, and an organic
light-emitting device including the polymer may provide
high current efficiency and have a long lifespan.

[0182] The polymer includes the first repeating unit rep-
resented by Formula 1. By introducing a unit in which a
pi-electron conjugated system is laminated in the first
repeating unit, the bond of main chain is broken to increase
the triplet energy level of the polymer, thereby achieving
high current efficiency. Also, since the first repeating unit
includes an amine-based unit, high charge mobility can be
achieved. Therefore, when the polymer according to the
embodiment is used as a hole transport material, the dete-
rioration effect of electrons is reduced, thereby improving
the lifespan of the device.

[0183] Also, since the second repeating unit includes a
crosslinking group, a crosslinking reaction may be caused
by heating and/or irradiation of active energy rays. Such a
crosslinking reaction makes it possible to form a film having
a high durability so that the film is not dissolved in a solvent,
and another layer may be stacked and coated thereon by
using solution coating. That is, even if another layer is
formed on the layer with the polymer including the second
repeating unit, the polymer layer is not or hardly dissolved
in the solvent when another layer is coated. Therefore, the
film formation can be facilitated.
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[0184] Also, the polymer including the third repeating unit
has excellent solubility in the solvent. Therefore, the use of
the polymer including the third repeating unit can facilitate
film formation using solution coating. Also, the flatness of
the film is improved to increase luminescent efliciency.

[0185] The polymer according to the embodiment may
include at least one second repeating unit. The polymer
according to the embodiment may include two or more
second repeating units, but embodiments of the present
disclosure are not limited thereto.

[0186] The polymer according to the embodiment may
include at least one third repeating unit.

[0187] The composition of the second repeating unit of the
polymer according to the embodiment is not particularly
limited. The second repeating unit may be in a range of
about 1% to about 50%, for example, about 2% to about
20%, based on the total repeating unit constituting the
polymer, but embodiments of the present disclosure are not
limited thereto. Also, when the polymer includes two or
more second repeating units, an amount of the second
repeating unit means a total amount of the second repeating
units.

[0188] The composition of the third repeating unit of the
polymer according to the embodiment is not particularly
limited. The third repeating unit may be in a range of about
10% to about 90%, for example, about 20% to about 80%,
based on the total repeating unit constituting the polymer,
but embodiments of the present disclosure are not limited
thereto. Also, when the polymer includes two or more third
repeating units, an amount of the third repeating unit means
a total amount of the third repeating units.

[0189] The polymer according to the embodiment may
include the first repeating unit, and optionally, at least one of
the second repeating unit and the third repeating unit (that is,
a homopolymer including the first repeating unit or a 2- or
3-membered copolymer including the first repeating unit,
and the second repeating unit and/or the third repeating
unit), or may include the first repeating unit, the second
repeating unit, and the third repeating unit (that is, a 3-mem-
bered copolymer including the first repeating unit, the sec-
ond repeating unit, and the third repeating unit). When the
polymer is a copolymer, the structure of the polymer is not
particularly limited. 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.

[0190] The end of the main chain of the polymer accord-
ing to the embodiment is not particularly limited. The end of
the main chain of the polymer may be appropriately defined
according to a kind of a material used, and is generally a
hydrogen atom, but embodiments of the present disclosure
are not limited thereto.

[0191] The polymer may be synthesized by using a known
organic synthesis method. For example, the polymer may be
prepared by a polymerization reaction using at least one
monomer A represented by Formula 21. Also, the polymer
may be prepared by a polymerization reaction using at least
one monomer A represented by Formula 21, and at least one
monomer B represented by Formula 22 and/or at least one
monomer C represented by Formula 23. Also, the monomer
used for the polymerization of the polymer may be synthe-
sized by a known method, and the structure of the monomer
may be identified by NMR and LC-MS:
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Formula 21
TI4 sz
E2 AI'5— Y A AI‘[O—AII—AIQ N—AI3 » El
Formula 22
Ey 1|\I11 E;
Y A
Formula 23

Es— Arp—Es.

[0192] In Formulae 21 to 23, Ar, to Ars, Ar, to Arj,, L, Y,
and p are the same as described in Formulae 1 to 3, and E;
to E¢ are each independently selected from —F, —Cl, —Br,
—1I, and a group represented by Formula 24:

Formula 24

[0193] R, to R, inFormula 24 may each independently be
selected from a methyl group, an ethyl group, and a propyl
group.

[0194] A concentration of the monomer in the solvent (a
total of 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 100% of the 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.

[0195] A polymerization temperature may be in a range of
about 40° C. to about 100° C. in terms of molecular weight
control, but embodiments of the present disclosure are not
limited thereto.

[0196] The polymerization reaction may be progressed for
about 30 minutes to about 24 hours, but embodiments of the
present disclosure are not limited thereto.

[0197] The solvent, to which the monomer is added, may
be deaerated before a polymerization initiator is added. For
example, the deaeration processing may be freeze deacra-
tion, deaeration using inert gas such as nitrogen gas, or the
like, but embodiments of the present disclosure are not
limited thereto.

[0198] The polymer synthesis method described above
may be easily recognized by those of ordinary skill in the art
by referring to Synthesis Examples provided below.

[0199] Composition for Manufacturing Organic Light-
Emitting Device

[0200] Another aspect of the present disclosure provides a
composition for manufacturing an organic light-emitting
device, which includes the polymer and a solvent or a
dispersion medium.

[0201] The polymer described above, or the material for
the organic light-emitting device, which includes the poly-
mer, has high charge mobility, and thus, may be used as a
hole injection material, a hole transport material and/or a
material for forming an emission layer. In an embodiment,
the polymer and the material for the organic light-emitting
device, which includes the polymer may be used as a hole
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injection material or a hole transport material (for example,
a hole transport material) in terms of hole transport ability.
[0202] In an embodiment, the composition for manufac-
turing the organic light-emitting device may include the
polymer; and at least one material selected from a hole
transport material, an electron transport material, and a
light-emitting material.

[0203] In an embodiment, the light-emitting material may
be an organometallic complex compound, but embodiments
of the present disclosure are not limited thereto.

[0204] The composition for manufacturing the organic
light-emitting device may include the polymer and the
solvent or the dispersion medium. The composition for
manufacturing the organic light-emitting device may be
used for, for example, forming each layer of the organic
light-emitting device by solution coating.

[0205] Another aspect of the present disclosure provides a
method of manufacturing an organic light-emitting device,
which includes a first electrode, a second electrode, and an
organic layer disposed between the first electrode and the
second electrode, wherein the organic layer includes an
emission layer and a layer including the polymer, the method
including forming the layer including the polymer by solu-
tion coating using the composition including the polymer
and the solvent or the dispersion medium.

[0206] Organic Light-Emitting Device

[0207] Hereinafter, an organic light-emitting device
according to an embodiment will be described in detail. The
FIG. 1s a schematic view of an organic light-emitting device
100 according to an embodiment.

[0208] The organic light-emitting device 100, illustrated
in the FIGURE, includes a substrate 110, a first electrode
120, a hole injection layer 130, a hole transport layer 140, an
emission layer 150, an electron transport layer 160, an
electron injection layer 170, and a second electrode 180, but
embodiments of the present disclosure are not limited
thereto.

[0209] The organic light-emitting device may have a first
electrode/single film having a hole injection function and a
hole transport function/emission layer/electron transport
layer/second electrode structure or a first electrode/single
film having a hole injection function and a hole transport
function/emission layer/electron transport layer/electron
injection layer/second electrode structure.

[0210] The polymer may be included in at least one
organic layer disposed between the first electrode 120 and
the second electrode 180. For example, the polymer may be
included in the hole injection layer 130, the hole transport
layer 140, or the emission layer 140. In an embodiment, the
polymer may be included in the hole injection layer 130 or
hole transport layer 140, but embodiments of the present
disclosure are not limited thereto. For example, in terms of
the long lifespan and the high efficiency of the organic
light-emitting device, the polymer may be included in the
hole transport layer 140, but embodiments of the present
disclosure are not limited thereto.

[0211] The polymer may be more suitable for an organic
light-emitting device manufactured by solution coating.
[0212] The organic layer including the polymer may be
formed by solution coating. For example, the organic layer
including the polymer may be deposited by using solution
coating, such as spin coating, casting, micro gravure coating,
gravure coating, bar coating, roll coating, wire bar coating,
dip coating, spry coating, screen printing, flexographic print-
ing, offset printing, and ink-jet printing. Also, as the solvent
used in solution coating, any solvents may be used as long
as the polymer can be dissolved therein. For example, the
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solvent may be selected from toluene, xylene, diethyl ether,
chloroform, ethyl acetate, methylene chloride, tetrahydro-
furan, acetone, acetonitrile, N,N-dimethylformamide, dim-
ethylsulfoxide, anisole, hexamethylphosphoric triamide,
methyl benzoate, ethyl benzoate, phenylcyclohexane, and
tetrahydronaphthalene. In an embodiment, the solvent may
be selected from toluene and tetrahydrofuran. Solvents may
be used solely or in combination. The monomer used for the
polymerization of the polymer according to the embodiment
has high solubility in the solvent. The solvent is used in an
amount such that a concentration of the dissolved polymer
is in a range of about 0.1 wt % to about 10 wt %, for
example, about 0.5 wt % to about 5 wt %, but embodiments
of the present disclosure are not limited thereto.

[0213] A method of forming layers other than the organic
layer including the polymer is not particularly limited. For
example, the layers other than the organic layer including
the polymer may be deposited by vacuum deposition, or may
be formed by solution coating.

[0214] 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
semiconductor substrate such as a silicon substrate, or a
transparent plastic substrate.

[0215] The first electrode 120 may be, for example, an
anode. The first electrode 120 may be formed on the
substrate 110 by deposition or sputtering. For example, the
first electrode 120 may be formed of a material with a high
work function selected from a metal, an alloy, and a con-
ductive compound. The first electrode 120 may be formed as
a fransmissive electrode including indium tin oxide
(In,0,—Sn0,, ITO), indium zinc oxide (In,O,—7Zn0O,
170), tin oxide (Sn0O,), or zinc oxide (Zn0O), each having
excellent transparency and conductivity. Also, the first elec-
trode 120 may be formed as a reflective electrode including
magnesium (Mg) or aluminum (Al).

[0216] The hole injection layer 130 may be formed on the
first electrode 120. The hole injection layer 130 may facili-
tate hole injection from the first electrode 120. The hole
injection layer 130 may be formed to have a thickness of
about 10 nanometers (nm) to about 1,000 nm, for example,
about 10 nm to about 100 nm.

[0217] The hole injection layer 130 may include a known
material, for example, poly(ether ketone)-containing triph-
enylamine (TPAPEK), 4-iso-propyl-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-
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 (PAN I/DBSA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesul fonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (PAN
I/CSA), and polyaniline)/poly(4-styrene sulfonate) (PANI/
PSS).

[0218] The hole transport layer 140 may be formed on the
hole injection layer 130. The hole transport layer 140
includes a hole transport material that transports holes and
has a thickness of about 10 nm to about 150 nm.

[0219] The hole transport layer 140 may be formed of the
polymer by using solution coating. According to the solution
coating, a film may be efficiently formed over a large area by
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using the polymer capable of improving current efficiency
and emission lifespan of the organic light-emitting device
100.

[0220] The hole transport layer 140 may include, in addi-
tion to the above-described polymer, a known material, for
example, 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-
carbazolyl)triphenylamine (TCTA), or N, N'-bis(naphtha-
len-2-y1)-N, N'-bis(phenyl)-benzidine (NPB).

[0221] The emission layer 150 may be 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
have a thickness of about 10 nm to about 60 nm.

[0222] The emission layer 150 includes a known light-
emitting material. However, the emission layer 150 may
include a light-emitting material capable of emitting light
from triplet excitons (that is, emission by photolumines-
cence). In this case, the emission lifespan of the organic
light-emitting device 100 may be further improved.

[0223] Also, the emission layer 150 may include other
host materials, for example, 9,9'-diphenyl-3,3'-bi[9H-carba-
zole], tris(8-quinolinolato)aluminum (Alg,), 1,3-bis(carba-
zole)benzene (mCP), 4,4'-N,N'-dicabazole-biphenyl (CBP),
poly(n-vinylcabazole (PVK), 9,10-di(naphthalene-2-yl)an-
thracene (AND), TCTA, 1,3,5-tris(N-phenylbenzimidazole-
2-yl)benzene (TPBI), 3-tert-butyl-9,10-di(naphth-2-yl)an-
thracene (TBADN), distyrylarylene (DSA), 4.4'-bis(9-
carbazol)-2,2'-dimethylbiphenyl (dmCBP), or 2.4,6-tris
(diphenylamino)-1,3,5-triazine.

[0224] The emission layer 150 may be formed as an
emission layer that emits light of a specific color. For
example, the emission layer 150 may be formed as a red
emission layer, a green emission layer, and a blue emission
layer.

[0225] When the emission layer 150 is a blue emission
layer, a known material may be used as a blue dopant. For
example, a perylene and a derivative thereof, iridium (Ir)
complex such as bis[2-(4,6-difluorophenyl)pyridinate]pico-
linateiridium(IIT) (Flrpic), or the like may be used.

[0226] Also, when the emission layer 150 is a red emission
layer, a known material may be used as a red dopant.
Examples of the red dopant may include rubrene and a
derivative thereof, 4-(dicyanomethylene)-2-methyl-6-[p-
(dimethylamino)styryl]-4H-pyran (DCm) and a derivative
thereof, an iridium complex such as bis(1-phenylisoquino-
line)(acetylacetonate)iridium(IIl)  (Ir(piq),(acac)), an
osmium (Os) complex, and a platinum complex.

[0227] When the emission layer 150 is a green emission
layer, a known material may be used as a green dopant.
Examples of the green dopant may include coumarin and a
derivative thereof, and iridium complex such as tris(2-
phenylpyridine)iridium(III) (Ir(DPy);), tris(2-(3-p-xylyl)
phenyl)pyridine iridium(IIT) (TEG), and tris(acetylacetona-
to)iridium(I11) (Ir(acac),).

[0228] The electron transport layer 160 may be formed on
the emission layer 150. The electron transport layer 160
includes an electron transport material that transports elec-
trons, and may be formed on the emission layer 150 by using
vacuum deposition, spin coating, or ink-jet printing. The
electron transport layer 160 may be formed to have a
thickness of, for example, about 15 nm to about 50 nm.
[0229] The electron transport layer 160 may include a
known electron transport material, for example, (8-quinoli-
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nato)lithium (LiQ), tris(8-quinolinato)aluminium (Algs),
and a compound having a nitrogen-containing aromatic ring.
Examples of the compound having the nitrogen-containing
aromatic ring may include a compound including a pyridine
ring such as 1,3,5-tri[(3-pyridyl)-phen-3-yl|benzene, a com-
pound including a triazine ring such as 2,4,6-tris(3'-(pyridin-
3-yl)biphenyl-3-y1)-1,3,5-triazine, and a compound includ-
ing an imidazole such as 2-(4-(N-phenylbenzoimidazolyl-
1-yl-phenyl)-9,10-dinaphthylanthracene. As materials for
forming the electron transport layer, a commercially avail-
able item or a synthetic 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). The materials for forming the
electron transport layer may be used solely or in combina-
tion.

[0230] The electron injection layer 170 may be formed on
the electron transport layer 160. The electron injection layer
170 may facilitate electron injection from the second elec-
trode 180, and may be formed on the electron transport layer
160 by using vacuum deposition or the like. The electron
injection layer 170 may be formed to have a thickness of
about 0.3 nm to about 9 nm.

[0231] The electron injection layer 170 may include a
known electron injection material, for example, (8-quinoli-
nato)lithium (LiQ), lithium fluoride (LiF), sodium chloride
(NaCl), cesium fluoride (CsF), lithium oxide (Li,O), and
barium oxide (BaO).

[0232] The second electrode 180 may be formed on the
electron injection layer 170. The second electrode 180 may
be, for example, a cathode, and may be formed of a material
with a low work function selected from a metal, an alloy, and
a conductive compound. The second electrode 180 may be
formed as a reflective electrode including a metal, for
example, lithium (Li), magnesium (Mg), aluminum (Al), or
calcium (Ca), or an alloy such as aluminum-lithium (Al—
Li), magnesium-indium (Mg—In), or magnesium-silver
(Mg—Ag). Also, the second electrode 180 may be formed as
a transmissive electrode having a thickness of about 20 nm
or less and including indium tin oxide (ITO), or indium zinc
oxide (IZO).

[0233] The organic light-emitting device 100 may be a
top-emission organic light-emitting device or a bottom-
emission organic light-emitting device.

[0234] An example of the configuration of the organic
light-emitting device 100 according to the embodiment has
been described, but the configuration of the organic light-
emitting device according to an embodiment is not limited
to the above example.

[0235] The organic light-emitting device 100 according to
an embodiment may be manufactured by using various
known configurations. For example, the organic light-emit-
ting device 100 may not include one or more of the hole
injection layer 130, the hole transport layer 140, the electron
transport layer 160, and the electron injection layer 170, and
may further include other layers. Also, each layer of the
organic light-emitting device 100 may be a single layer or
multiple layers.

[0236] 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.

[0237] The term “C,-C,, alkyl group” as used herein
refers to a linear or branched saturated aliphatic hydrocarbon
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monovalent group having 1 to 20 carbon atoms, and
examples thereof include a methyl group, an ethyl group, a
propyl group, an iso-butyl 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.

[0238] 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
iso-propyloxy group.

[0239] The term “C,-Cg, alkenyl group™ as used herein
refers to a hydrocarbon group having at least one carbon-
carbon double bond in the middle or at the terminus of the
C,-Cq, alkyl group, and examples thereof include an ethenyl
group, a propenyl group, and a butenyl group. The term
“C,-C,q alkenylene group” as used herein refers to a diva-
lent group having the same structure as the C,-C,,, alkenyl
group.

[0240] The term “C,-Cg, alkynyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon triple bond in the middle or at the terminus of the
C,-Cy, alkyl group, and examples thereof include an ethynyl
group, and a propynyl group. The term “C,-C,, alkynylene
group” as used herein refers to a divalent group having the
same structure as the C,-C,,, alkynyl group.

[0241] The term “C,-C, , cycloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 16 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, 4 cycloalkylene group” as used herein refers
to a divalent group having the same structure as the C,-C 4
cycloalkyl group.

[0242] The term “C,-C,, cycloalkenyl group” as used
herein refers to a monovalent monocyclic group that has 3
to 16 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” as used herein refers to a
divalent group having the same structure as the C;-C
cycloalkenyl group.

[0243] The term “C;-C,, cycloalkoxy group” as used
herein refers to a monovalent group represented by —OA |,
(wherein A |, is the C;-C, ; cycloalkyl group), and examples
thereof include a cyclopropoxy group, a cyclobutoxy group,
and a cyclopentoxy group.

[0244] The term “C4-C;, arvl group” as used herein refers
to amonovalent group having a carbocyclic aromatic system
having 6 to 30 carbon atoms, and a Cy-C,,, arylene group
used herein refers to a divalent group having a carbocyclic
aromatic system having 6 to 30 carbon atoms. Non-limiting
examples of the C,-C,, aryl group include a phenyl group,
a naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, and a chrysenyl group. When the
Cs-C5 aryl group and the C¢-C;, arylene group each include
two or more rings, the rings may be fused to each other.
[0245] The term “C4-C,, aryloxy group” as used herein
refers to a monovalent group represented by —OA
(wherein A | 5 is the C;-Cs, aryl group).

[0246] The term “C4-C,, arylthio group” as used herein
refers to a monovalent group represented by —SA ;
(wherein A | o5 1s the C4-Cg, aryl group).

[0247] The term “C;-C,, heteroaryl group” as used herein
refers to a monovalent group having a carbocyclic aromatic
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system that has at least one heteroatom selected from N, O,
Si, P, and S as a ring-forming atom, in addition to 5 to 30
carbon atoms being involved in the ring formation. The term
“Cs-Cg4q 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 5 to 60 carbon atoms.
Non-limiting examples of the C,;-C,, heteroaryl group
include a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinolinyl
group, and an isoquinolinyl group. When the Cs-C,, het-
eroaryl group and the C,-C,, heteroarylene group each
include two or more rings, the rings may be condensed with
each other.

[0248] The term “C,-C,, aralkyl group” as used herein
refers to a monovalent group in which an alkyl group
substituted with an aryl group and the sum of the carbon
atoms of the constituting groups, i.e., the alkvl group and the
aryl group, is 7 to 40. Examples of the C,-C,, aralkyl group
include a benzyl group, a phenylethyl group, a methylbenzyl
group, and a naphthylmethyl group.

[0249] The term “Cs-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.
The term “Cs-C4, carbocyclic group” as used herein refers
to a monocyclic group or a polycyclic group, and, according
to its chemical structure, a monovalent, divalent, trivalent,
tetravalent, pentavalent, or hexavalent group.

[0250] The term “Cs-C,, 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 5 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, a monovalent, divalent,
trivalent, tetravalent, pentavalent, or hexavalent group.
[0251] The term “halogen atom™ as used herein may
include an atom selected from a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom.

[0252] At least one substituent of the substituted C,-C,,
alkyl group, the substituted C,-C,,, alkenyl group, the sub-
stituted C,-C,, alkynyl group, the substituted C;-C,q
cycloalkyl group, the substituted C,-C, ; cycloalkenyl group,
the substituted C,-C,, alkoxy group, the substituted C5-C,
cycloalkoxy group, the substituted C,-C,, aryl group, the
substituted C4-Cy, aryloxy group, the substituted C,-C,,
aralkyl group, the substituted C,-C;, heteroaryl group, the
substituted C,-C,,, alkylene group, the substituted C,-C,,
alkenylene group, the substituted C,-C,, alkynylene group,
the substituted C;-C, 4 cycloalkylene group, the substituted
C,-Cs cycloalkenylene group, the substituted C,-C,,
arylene group, the substituted C4-C,, carbocyclic group, and
the substituted C-C,,, heterocyclic group may be selected
from:

[0253] 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,-Cg,
alkyl group, a C,-Cg, alkenyl group, a C,-Cy, alkynyl group,
and a C,-C, alkoxy group;

[0254] a C,-C,, alkyl group, a C,-Cq, alkenyl group, a
C,-Cg, alkynyl group, and a C,-Coo alkoxy group, each
substituted 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

Jun. 28,2018

thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C5-C,, cycloalkyl group, a
C,-C,y heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4;-Cg, aryl
group, a Cg-Cy, aryloxy group, a Cy-Cy, arylthio group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q;,)(Q,)(Q,5),
—N(Q)(Q5), and —B(Q,6)(Qy5);

[0255] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-C,
aryloxy group, a C4-C,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0256] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C4-Co,
aryloxy group, a C4-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted 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
thereof, a phosphoric acid group or a salt thereof, a C,-Cg,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl group,
aC,-Cy, alkoxy group, a C;-C, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,y heterocycloalkenyl group, a C,-Cg, aryl group, a
C4-Cg, aryloxy group, a C-Cg, arylthio group, a C,-C,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed

heteropolycyclic  group, —S31(Q,;)(Q52)(Q23), —N(Qa4)
(Qy5); and —B(Q,4)(Q,,); and
—N(Q;4(Qs5), and

[0257]  —Si(Q3)(Q32)(Qs3):
—B(Q16)(Qs7), and

[0258] Q,, to Q,7, Qs 10 Q,y, and Qs to Q3, may each
independently be selected from hydrogen, a C,-Cg, alkyl

group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cg, alkoxy group, a C5-C,,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cq, aryl group, a
C,-Cg heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group.

[0259] Hereinafter, a compound according to embodi-
ments and an organic light-emitting device according to
embodiments will be described in detail with reference to
Synthesis Examples and Examples. The wording “B was
used instead of A” used in describing Synthesis Examples
refers to that an identical molar equivalent of B was used in
place of A.

[0260] Hereinafter, a polymer and an organic light-emit-
ting device according to embodiments are described in detail
with reference to Synthesis Examples and Examples. How-
ever, the organic light-emitting device is not limited thereto.

EXAMPLES

[0261] A method of measuring a number average molecu-
lar weight (Mn) and a weight average molecular weight
(Mw) is not particularly limited, and known methods may be
applied equally or modified as appropriate. The number
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average molecular weight (Mn) and the weight average
molecular weight (Mw) are values measured by the follow-
ing method.

[0262] Measurement of number average molecular weight
(Mn) and weight average molecular weight (Mw)

[0263] The weight average molecular weight (Mw) of the
polymer was measured under the following conditions by
gel permeation chromatography (GPC) using polystyrene as
a standard sample.

[0264] Analysis apparatus: Product manufactured by Shi-
madzu Corporation, Product name: Prominence

[0265] Column: PLgel MIXED-B manufactured by Poly-
mer Labs

[0266] Column temperature: 40° C.

[0267] Flow rate: 1.0 milliliters per minute (ml./min)
[0268] Dose: 20 microliters (uL)

[0269] Solvent: Tetrahydrofuran (THF) (concentration:

about 0.05 percent by weight, wt %)

[0270] Detector: UV-VIS detector (manufactured by Shi-
madzu Corporation, Product name: SPD-10AV)

[0271] Standard Sample: Polystyrene

Synthesis Example 1: Synthesis of Compound 1

[0272] Compound 1 having the following structure was
synthesized according to the following Reaction Scheme.

; :o o: i
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B—3B
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Celi3
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dioxane
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CeH3
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B B
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1
[0273] 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
mixed in a reaction vessel in an argon atmosphere, and the
mixture was heated and stirred for 6 hours under reflux.
[0274] After the reaction was completed, toluene and
water were added to the reaction mixture, followed by liquid
separation and washing with water. Sodium sulfate and
activated charcoal were added thereto and filtering was
performed thereon through Celite (registered trademark). A
filtrate obtained therefrom was concentrated to obtain 11.94
g of a crude product.

[0275] 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.

[0276] ‘H-NMR (300 MHz, CDCL,): =0.95 (t, 6H), 1.39-
1.42 (bd, 36H), 1.62 (m, 4H), 2.88 (t, 4H), 7.59 (bd, 2H).
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Synthesis Example 2: Synthesis of Compound 2

[0277] Compound 2 having the following structure was
synthesized according to the following Reaction Scheme.

AN
Br . Br KOH/KI

DMSO

O

/ \

2

[0278] 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 mixed in a reaction
vessel in an argon atmosphere, and heated to 80° C. for 4
hours. After the reaction was completed, the reaction mix-
ture was cooled to room temperature. Then, liquid separa-
tion was performed thereon by mixing 300 ml of water and
300 ml of toluene. An organic layer obtained therefrom was
washed five times by using 300 ml of saturated brine. The
obtained organic layer was dried by using sodium sulfate,
and a solvent was distilled off. Then, the residue obtained
therefrom was purified by column chromatography and
recrystallization to obtain 24.1 g of Compound 2. The
structure of the obtained Compound 2 was identified by
1H-NMR.

[0279] 'H-NMR (270 MHz, CDCL,): 3=0.69 (t, 4H), 1.83
(m, 4H), 1.93 (m, 4H), 4.85 (d, 4H), 5.56 (m, 2H), 7.44-7.53
(m, 6H).

Synthesis Example 3: Synthesis of Compound 3

3-1. Synthesis of Intermediate 3-1

[0280] Intermediate 3-1 having the following structure
was synthesized according to the following Reaction
Scheme.

Br.
_—
n-BuLi
THF

OH
31
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[0281] 4.1 g (22.4 mmol) of 3-bromobenzocyclobutane
and 69 ml of tetrahydrofuran were cooled to -78° C.in adry
ice-methanol bath in a reaction vessel in an argon atmo-
sphere. 16.9 ml of n-butyllithium was added thereto, and the
mixture was stirred for 2 hours. A solution in which 4.1 g of
methyl 4,4'-dibromo-[ 1,1'-biphenyl]-2-carboxylic acid ester
was dissolved in 12 ml of tetrahydrofuran was added drop-
wise thereto. The reaction mixture was stirred at a tempera-
ture of -78° C. for 2 hours and then 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 ml of water. An organic
layer obtained therefrom was dried by using magnesium
sulfate, and a solid obtained therefrom was filtered and a
solution was concentrated to obtain 8.1 g of Intermediate
3-1.

3-2. Synthesis of Compound 3
[0282]

7
Y

[0283] 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 cooled to 0° C. in an ice bath. Then, 1.0 ml
of BF;Et,0 was added dropwise thereto by using a dropping
funnel. After the reaction mixture was stirred for 1 hour, 1.0
ml of BF,Et,O was added thereto, and the reaction mixture
was stirred for 1 hour, and the mixture was 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. Then, an organic layer was extracted therefrom three
times by using 50 ml of chloroform. The extracted organic
layer was dried by using sodium sulfate, a solution was
concentrated, and 30 ml of chloroform was added thereto.
The 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 chloro-
form 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 filtered and dried to obtain 2.0

BF;0Et,
-
CHCIL
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g of Compound 3. The structure of the obtained Compound
3 was identified by 1H-NMR.

[0284] 'H-NMR (300 MHz, CDCL,): & 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

[0285] Compound 4 having the following structure was
synthesized by the following Reaction Scheme.

4-1. Synthesis of Intermediate 4-3

[0286]

CsHis

Br 42
Pd(PPh3)y
Br
K,CO; 2M
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4-1

CeHiz

G-

43

[0287] 1.50 g (4.14 mmol) of Intermediate 4-1, 4.15 g
(9.11 mmol) of Intermediate 4-2, 0.14 g (0.12 mmol) of
tetrakis(triphenylphosphine)palladium, and 40 ml of toluene
were mixed in a reaction vessel in an argon atmosphere.
Then, 6 ml of 2 molar (M) potassium carbonate aqueous
solution was added thereto, and the mixture was stirred and
heated for 6 hours under reflux. After the reaction was
completed, toluene and water were added to the reaction
mixture, followed by liquid separation and washing with
water. Sodium sulfate and activated charcoal were added
thereto and filtering was performed thereon through Celite
(registered trademark). A filtrate obtained therefrom was
concentrated and purified by column chromatography using
hexane and chloroform to obtain 2.1 g (vield: 50%) of
Intermediate 4-3. The structure of the obtained Intermediate
4-3 was identified by 1H-NMR.

[0288] 'H-NMR (300 MHz, CDCL,): § 7.82 (S, 2H), 7.55
(d, 4H). 737 (m, 12H), 7.30-7.00 (m, 20H), 7.82 (S, 2H),
2.88 (t, 8H), 2.52 (t, 4H), 1.58-1.29 (m, 16H), 0.88 (t, 6H).
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4-2. Synthesis of Compound 4
[0289]
Cetis
Cetis
N Q
OO0 C =
CHCl3/DMF
43
CeHyz
CeHis
N
Br
Br
4
[0290] 2.0 g (2.3 mmol) of Intermediate 4-3 was added to using hexane and chloroform to obtain 1.8 g (vield: 76%) of

a reaction vessel in an argon atmosphere, and 40 ml of
chloroform was added and dissolved therein. The reaction
mixture was cooled to =7° C. in a small amount of dry
ice-acetone bath. Then, 1.1 g (6.2 mmol) of N-bromosuc-
cinimide was dissolved in 5 ml of DMF and added dropwise
to the reaction mixture over 5 minutes. After 1 hour of
reaction, water was added to stop the reaction. The obtained
reaction product was purified by column chromatography

1

CeHys

Compound 4. The structure of the obtained Compound 4

was identified by 1H-NMR.

[0291] 'H-NMR (300 MHz, CDCL,): & 7.82 (S, 2H), 7.55

(d, 4H), 737 (m, 12H), 7.30-7.00 (m, 18H), 7.82 (S, 2H).

2.88 (t, 8H), 2.52 (t, 4H), 1.58-1.29 (m, 16H), 0.88 (t, 6H).
Synthesis Example 5: Synthesis of Compound 5

[0292]

CeH,3

N

H B
O N
N
Pd(dba)s (0.02 eq)

Tri-Tert-BuzPBE, (0.1 eq)
tert-BuONa (2.0 eq)
Toluene

reflux

—_—
NBS (1.00 eq)
CHClyDMF

&
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-continued
CeHyz

0 0
\
/B—B

o 0

N
PACly(dppHCH,Cl,
KOAc dioxane
N
Br

CeHiys

0

o
N
\©\ ‘ Q Pd(PPhy)y
N
B—0

K,C03,2M
Toluene

N/O/
Celli3

N Q
NBS (2.00 eq)
@ N CHCl;/DMF
CeHys
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Br
Celliz
[0293] Compound 5 was synthesized in the same manner

as in Synthesis of Compound 4.

Example 1: Synthesis of Polymer A-1
[0294] Polymer A-1 including a repeating unit (A) and a
repeating unit (B) having the following compositions was

CeHys

CeHys

CeHi3

=

(4
5ag

CeH13

Q/ N\©\
Br
Compound 5

synthesized by using Compound 1 synthesized in Synthesis
Example 1, Compound 2 synthesized in Synthesis Example
2, Compound 3 synthesized in Synthesis Example 3, and
Compound 4 synthesized in Synthesis Example 4.

&Y

®)

Coll13

P

A
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-continued

=40/5/5

[0295] In an argon atmosphere, 1.96 g of Compound 1,
0.184 g of Compound 2, 0.211 g of Compound 3, 3.131 g of
Compound 4, 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 % of tetraethylammonium hydroxide aque-
ous solution were added, and the mixture was refluxed for 8
hours. Then, 0.023 g of phenylboronic acid, 4.3 mg of
palladium acetate, 27.0 mg of tris(2-methoxyphenyl)phos-
phine, and 152 g of 20 wt % of tetraethylammonium
hydroxide aqueous solution were added, and the mixture
was heated for 7 hours under reflux. Then, the water layer
was removed, and 5.4 g of N, N-diethyldithiocarbamate
sodium trihydrate and 50 ml of ion-exchanged water were
added, and the mixture was stirred at a temperature of 85°
C. for 2 hours. The organic layer was separated from the
water layer and sequentially washed with water, 3 wt % of
aqueous acetic acid solution, and water again. The organic
layer was added dropwise to methanol to precipitate the
polymer, which was filtered and dried to obtain a solid. The
solid was dissolved in toluene, and passed through column
chromatography packed with silica gel and alumina, and the
solvent was distilled off under reduced pressure. A liquid
obtained therefrom was added dropwise to methanol to
precipitate a solid, and the solid was filtered, separated, and
dried to obtain 0.79 g of polymer A-1.

[0296] The obtained polymer A-1 is presumed to be a
polymer obtained by alternately polymerizing the repeating
unit (A) and the repeating unit (B) in the above composition
(repeating unit derived from Compound 1: repeating unit
derived from Compound 4: repeating unit derived from
Compound 3: repeating unit derived from Compound 2=50:
40:5:5 (molar ratio)) based on the material ratio of the
monomers. Also, the number average molecular weight
(Mn), the weight average molecular weight (Mw), and the
molecular weight distribution (Mw/Mn) of polymer A-1,
which were estimated by size exclusion chromatography
(SEC), were Mn=67,000, Mw=240,000, and Mw/Mn=3.58.

Example 2: Synthesis of Polymer A-2

[0297] Polymer A-2 was synthesized in the same manner
as in Example 1, except that Compound 5 was used instead
of Compound 4. SEC analysis results of the obtained poly-
mer were Mn=34,000, Mw=86,000, and Mw/Mn=2.53.

[0298] Triplet energy levels (electron volts, eV) of poly-
mers A-1 and A-2 obtained in the above Examples and
poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4'-(N-(4-sec-bu-
tylphenyl)diphenylamine) (TFB) having the following struc-
ture (manufactured by Luminescence Technology Corp.)
(Comparative Example 1) were measured by the following
method, and results thereof are shown in Table 1.

00y

TFB
[0299] Measurement of Triplet Energy Level
[0300] Each Compound was dissolved in toluene to a

concentration of 3.2 wt % to prepare a coating solution. The
coating solution was applied at a rotating speed of 1,600
revolutions per minute (rpm) by spin coating, and dried on
a hot plate at a temperature of 250° C. for 60 minutes to
obtain a film (sample) having a thickness (dry film thick-
ness) of about 70 nanometers (nm). The sample was cooled
to a temperature of -196° C. and a photoluminescence (PL)
spectrum thereof was measured. The triplet energy level
(eV) was calculated from a peak value at the shortest
wavelength side of the PL spectrum. Results thereof are
shown in Table 1.

TABLE 1
Triplet energy
Polymer Mn (x10%)  Mw (x10%) level (eV)

Example 1 A-1 6.7 24.0 2.70
Example 2 A-2 3.4 8.6 2.58
Comparative ~ TFB 8.6 18.3 2.30
Example 1

[0301] From Table 1, it is confirmed that the polymer

according to the embodiment has a higher triplet energy
level, as compared with that of Comparative Example 1.

Example 3: Manufacture of Organic Light-Emitting
Device Device-1

[0302] First, on an ITO glass substrate on which stripe-
shaped indium tin oxide (ITO) was deposited to a film
thickness of 150 nm as an anode, PEDOT/PSS (product of
Sigma-Aldrich) was spin-coated so as to have a dry film
thickness of 30 nm to form a hole injection layer.

[0303] Then, polymer A-1 synthesized in Example 1 was
dissolved in xylene (solvent) at a concentration of 1 wt % to
prepare a coating liquid (A-1) for forming a hole transport
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layer. The coating liquid (A-1) for forming a hole transport
layer 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 having a thickness
(dry film thickness) of 30 nm.

[0304] Then, prepared was a toluene solution including
Compound h-1 (6,9-diphenyl-9'-(5'-phenyl-[1,1" 3',1"-ter-
phenyl]-3-y1)3,3'-bi[9H-carbazole) and Compound h-2 (3,9-
diphenyl-5-(3-(4-phenyl-6-(5'-phenyl-[1,1:  3"1"-terphe-
nyl]-3-yl)-1,3,5-triazine-2-yl)phenyl)-9H-carbazole) as a
host material and tris(2-(3-p-xylyl)phenyl)pyridine iridium
(IIT) (TEG) as a dopant. At this time, the toluene solution
was prepared so that Compound h-1 had a concentration of
0.49 g/ml and Compound h-2 had a concentration of 0.05
g/ml. Also, an amount of the dopant was 10 wt % based on
the total weight of the emission layer. The toluene solution
was applied on the hole transport layer by spin coating so as
to have a dry film thickness of 30 nm, thereby forming an
emission layer.

[0305] Then, LiQ and KLET-03 (product of Chemipro
Kasei) were co-deposited on the emission layer in a vacuum
deposition apparatus to form an electron transport layer
having a thickness of 50 nm.

[0306] Then, lithium fluoride (LiF) was deposited on the
electron transport layer in the vacuum deposition apparatus
to form an electron injection layer having a thickness of 1
nm.

[0307] Then, aluminum was deposited on the electron
injection layer in the vacuum deposition apparatus to form
a cathode having a thickness of 100 nm, thereby completing
the manufacture of an organic light-emitting device Device-
L.

h-1:
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-continued

Example 4: Manufacture of Organic Light-Emitting
Device Device-2

[0308] An organic light-emitting device Device-2 was
manufactured in the same manner as in Example 3, except
that polymer A-2 synthesized in Example 2 was used instead
of polymer A-1.

Comparative Example 2: Manufacture of Organic
Light-Emitting Device Device-3

[0309] An organic light-emitting device Device-3 was
manufactured in the same manner as in Example 3, except
that TFB was used instead of polymer A-1.

[0310] The current efficiency and durability (emission
lifespan) of the organic light-emitting devices manufactured
according to Examples 3 and 4 and the organic light-
emitting device manufactured according to Comparative
Example 2 were evaluated according to the following
method. Results of this evaluation are shown in Table 2
below. Also, in Table 2, the current efficiency of the organic
light-emitting device Device-1 and Device-2 was a relative
value when the current efficiency of the organic light-
emitting device Device-3 manufactured according to Com-
parative Example 2 was 100. Also, the emission lifespan
(durability) of the organic light-emitting devices Device-1
and Device-2 was a relative value (extension degree) when
the organic light-emitting device Device-3 manufactured
according to Comparative Example 2 was 100.

[0311] Evaluation of Current Efficiency and Durability
(Emission Lifespan)

[0312] First, a DC constant voltage source (source meter,
manufactured by KEYENCE) was used to apply a prede-
termined 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 mea-
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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 candelas per square meter (cd/m?) was constantly
maintained.

[0313] The current efficiency (cd/A) was calculated by
calculating a current value per unit area of the organic
light-emitting device (a current density) and dividing lumi-
nance (cd/m®) by the current density (amperes per square
meter, A/m?).

[0314] The emission lifespan (hour, hr) indicates an
amount of time that lapsed when luminance measured by the
measurement apparatus was reduced to 80% of initial lumi-
nance (100%). Also, the current efficiency indicates effi-
ciency (conversion efficiency) of converting a current into
luminescence energy. As the current efficiency is higher, the
organic light-emitting device has higher performance.

TABLE 2

Organic light-  Hole transport Current  Emission

emitting device material efficiency  lifespan
Example 3 Device-1 A-l 254 600
Example 4 Device-2 A-2 313 250
Comparative  Device-3 TFB 100 100
Example 2
[0315] From Table 2, it is confirmed that the organic

light-emitting devices Device-1 and Device-2 of Examples
3 and 4 are excellent in terms of both current efficiency and
emission lifespan, as compared with the organic light-
emitting device Device-3 of Comparative Example 2. There-
fore, the polymer according to one or more embodiments
may be suitably used for the organic light-emitting device
(in particular, a hole transport material).

[0316] Also, the polymer according to one or more
embodiments may enable efficient film formation using
solution coating and mass production and may also improve
the lifespan of the organic light-emitting device.

[0317] According to one or more embodiments, the poly-
mer may have a high triplet energy level, and the organic
light-emitting device including the polymer may have
improved luminescent efficiency and current efficiency.
[0318] 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
be considered as available for other similar features or
aspects in other embodiments.

[0319]
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.

While one or more embodiments have been
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What is claimed is:
1. A polymer comprising at least one first repeating unit
represented by Formula 1:

Formula 1

1|\I4 Trl
AI5_N A AI1|)—AI1—Ar9 N_AI3 A >

wherein, in Formula 1,

Ar, and Ar, are each independently selected from hydro-
gen, a substituted or unsubstituted C,-C,4 alkyl group,
a substituted or unsubstituted C,-C | , cycloalkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C ; cycloalkoxy group,
a substituted or unsubstituted C4-C,, aryl group, a
substituted or unsubstituted C,-C;, aryloxy group, a
substituted or unsubstituted C,-C,, aralkyl group, a
substituted or unsubstituted monovalent C,-C,, hetero-
¢yclic group, and —N(Q,)(Q,),

at least one of Ar, and Ar, is selected from a substituted
or unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C | cycloalkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C,-C, 5 cycloalkoxy group, a substituted
or unsubstituted C4-C;, aryl group, a substituted or
unsubstituted C,-C,, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or
unsubstituted monovalent C,-C,, heterocyclic group,
and —N(Q, )(Q,):

Ar; and Ar; are each independently selected from a
substituted or unsubstituted divalent C4-C,, carbocy-
clic group and a substituted or unsubstituted divalent
C,-C,, heterocyclic group,

at least one of Ar, and Ar, is optionally linked to Ar, to
form a ring structure,

at least one of Ar, and Ar; is optionally linked to Ar,, to
form a ring structure,

m and n are each independently an integer greater than or
equal to 1,

when m is two or more, two or more groups Ar, are
identical to or different from each other, when m is two
or more, two or more groups Ar, are identical to or
different from each other, when n is two or more, two
or more groups Ar, are identical to or different from
each other, and when n is two or more, two or more
groups Ar; are identical to or different from each other,

Ar, and Ar,, are each independently selected from a
single bond, a substituted or unsubstituted divalent
Cs-C,, carbocyclic group, and a substituted or unsub-
stituted divalent C5-C,, heterocyclic group,

at least one of Ar, and Ar, , is selected from a substituted
or unsubstituted divalent C,-C,, carbocyclic group and
a substituted or unsubstituted divalent C5-C,, hetero-
cyclic group, and

Ar, is a divalent group represented by Formula 1-1:

)

*— Arg Ary—*,

Formula 1-1



US 2018/0182966 A1l

wherein, in Formula 1-1,

W, and W, are each independently a divalent linking
group represented by —X—7— or —7—X—,

X is a substituted or unsubstituted C,-C,,, alkylene group,
a substituted or unsubstituted C,-C,, alkenylene group,
a substituted or unsubstituted C,-C,,, alkynylene group,
a substituted or unsubstituted C,-C,, cycloalkylene
group, a substituted or unsubstituted C,-C, ¢ cycloalk-
enylene group, or a substituted or unsubstituted C4-C;,
arylene group,

Z is a single bond, —O—, —C(—0)—, —N(Q;)-,
—S8— —8(=0),—, or —Si(Q:)(Q.)-,

Ar, and Arg are each independently selected from a
substituted or unsubstituted trivalent C,-C,, carbocy-
clic group and a substituted or unsubstituted trivalent
C,-C,, heterocyclic group,

at least one of Are to Ar; is optionally linked to Ar,, or Ar,g
to form a ring structure,

Q, and Q, are each independently selected from hydro-
gen, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C¢-Cs,, aryl group,

Q; and Q, are each independently selected from hydrogen
and a substituted or unsubstituted C,-Cgq alkyl group,

at least one substituent of the substituted C,-C,, alkyl
group, the substituted C;-C,4 cycloalkyl group, the
substituted C,-C,, alkoxy group, the substituted
C;-C,4 cycloalkoxy group, the substituted C4-C,, aryl
group, the substituted C4-Cs, aryloxy group, the sub-
stituted C,-C,,, aralkyl group, the substituted monova-
lent C5-C5, heterocyclic group, the substituted C,-C,,
alkylene group, the substituted C,-C,, alkenylene
group, the substituted C,-C,, alkynylene group, the
substituted C;-C, 4 cycloalkylene group, the substituted
C;-C, s cycloalkenylene group, the substituted C4-Cy,
arylene group, the substituted divalent C4-Cs,, carbo-
cyclic group, the substituted divalent Cs-C,, heterocy-
clic group, the substituted trivalent C4-C,, carbocyclic
group, and the substituted trivalent C5-C,, heterocyclic
group is 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 car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-C, alkenyl group,
a C,-Cq, alkynyl group, and a C,-Cg, alkoxy group;

a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy 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
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C¢-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —Si(Q,,)(Q,,)(Q;5),
—N(Q4)(Q,5). and —B(Q,6)(Q,);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
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cycloalkenyl group, a C4-Cy, aryl group, a C4-Cy,
aryloxy group, a C¢-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

a C5-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cg, aryl group, a Cg-Cy
aryloxy group, a C,-Cy, arylthio group, a C,-Cy, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, 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, alkyl
group, a C,-C, 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 C4-Cy
aryl group, a C,;-C,, aryloxy group, a C,-Cg, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic group, —Si

(Qél)(Q22)(Q23)s —N(Q2,)(Qs5), and —B(Q,6)(Q57);
an:
—S1(Q5)(Q52)(Qs3),  —N(Q5,)(Qs5), and  —B(Q5¢)

37):

Q10 Q7 Qy; t0 Qy7, and Q5 to Q5 are each indepen-
dently selected from hydrogen, a C,-C, alkyl group, a
C,-C,, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cq alkoxy group, a C5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C,-C,, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, and a mon-
ovalent non-aromatic condensed heteropolycyclic
group, and

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

2. The polymer of claim 1, wherein

at least one of Ar, and Ar, is selected from a substituted
or unsubstituted C4-C, aryl group and a substituted or
unsubstituted monovalent C,-C,, heterocyclic group.

3. The polymer of claim 1, wherein

Ar, and Ar, are each independently selected from:

hydrogen, a methyl group, an ethyl group, an n-propyl
group, an iso-propyl group, an n-butyl group, an iso-
butyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group,
a neo-pentyl group, a 1,2-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-ethylpentyl group, a 2-methyl-1-iso-propylpropyl
group, a 1-ethyl-3-methylbutyl group, an n-octyl group,
a 2-ethylhexyl group, a 3-methyl-1-iso-propylbutyl
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-
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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
group, a methoxy group, an ethoxy group, a propoxy
group, an iso-propoxy group, an n-butoxy group, an
iso-butoxy group, a sec-butoxy group, tert-butoxy
group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neo-pentoxy group, an n-hexy-
loxy group, an iso-hexyloxy 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 pentadecy-
loxy group, a hexadecyloxy group, a heptadecyloxy
group, an octadecyloxy group, a 2-ethylhexyloxy
group, a 3-ethylpentyloxy group, a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a pheny! group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptal-
enyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a phenalenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, an epoxy group, an aziridine group,
a thilrane group, an oxetane group, an azetidine group,
a thiethane group, a tetrahydrofuran group, a dioxolane
group, a pyrrolidine group, a pyrazolidine group, an
imidazolidine group, an oxazolidine group, a tetrahy-
drothiophene group, a sulfolane group, a thiazolidine
group, an e-caprolactone group, an e-caprolactam
group, a piperidine group, a hexahydropyridazine
group, a hexahydropyrimidine group, a piperazine
group, a morpholine group, a tetrahydropyran group, a
1,3-dioxane group, a 14-dioxane group, a thoxane
group, a tetrahydrothiopyran group, a thiomorpholine
group, a thiomorpholine-1,1-dioxide group, a pyranose
group, a diazabicyclo|[2,2,2]-octane group, a phenox-
azine group, a phenothiazine group, an oxanthrene
group, a thioxanthene group, a phenoxathiin group, a
pyrrolyl group, an imidazolyl group, a pyrazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, a purinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoqui-
nolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoxazolyl group, a benzimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group,
an isoxazolyl group, an oxazolyl group, a triazolyl
group, a tetrazolyl group. an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzoth-
iophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridimidinyl group, and
an imidazopyridinyl group:;

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azuleny! group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluo-
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ranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group. a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group,
a hexacenyl group, an epoxy group, an aziridine group,
a thiirane group, an oxetane group, an azetidine group,
a thiethane group, a tetrahydrofuran group, a dioxolane
group, a pyrrolidine group, a pyrazolidine group, an
imidazolidine group, an oxazolidine group, a tetrahy-
drothiophene group, a sulfolane group, a thiazolidine
group, an e-caprolactone group, an g-caprolactam
group, a piperidine group, a hexahydropyridazine
group, a hexahydropyrimidine group, a piperazine
group, a morpholine group, a tetrahydropyran group, a
1,3-dioxane group, a 1.4-dioxane group, a trioxane
group, a tetrahydrothiopyran group, a thiomorpholine
group, a thiomorpholine-1,1-dioxide group, a pyranose
group, a diazabicyclo|[2,2,2]-octane group, a phenox-
azine group, a phenothiazine group, an oxanthrene
group, a thioxanthene group, a phenoxathiin group, a
pyrrolyl group, an imidazolyl group, a pyrazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an
indolyl group, an indazolyl group, a purinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoqui-
nolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoxazolyl group, a benzimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group,
an isoxazolyl group, an oxazolyl group, a triazolyl
group, a tetrazolyl group. an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzoth-
iophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridimidinyl group, and
an imidazopyridinyl group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, 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,, alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group,
a C;-C, 5 cycloalkyl group, a C,-C,, alkoxy group, a
C;-C,¢ cycloalkoxy group, a C4-C;, aryl group, a
Cs-C,4, aryloxy group, a C,-C,, arylthio group, and a
C-Cy, heteroaryl group.
4. The polymer of claim 1, wherein
Ar; and Ar; are each independently selected from:

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-fluo-
renylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group,
an epoxy group, an aziridine group, a thiirane group, an
oxetane group, an azetidine group, a thiethane group, a
tetrahygrofuran group, a dioxolane group, a pyrrolidine
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group, a pyrazolidine group, an imidazolidine group, an
oxazolidine group, a tetrahydrothiophene group, a sul-
folane group, a thiazolidine group, an e-caprolactone
group, an e-caprolactam group, a piperidine group, a
hexahydropyridazine group, a hexahydropyrimidine
group, a piperazine group, a morpholine group, a
tetrahydropyran group, a 1,3-dioxane group, a 1,4-
dioxane group, a trioxane group, a tetrahydrothiopyran
group, a thiomorpholine group, a thiomorpholine-1,1-
dioxide group, a pyranose group, a diazabicyclo[2,2,
2]-octane group, a phenoxazine group, a phenothiazine
group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolylene group, an imida-
zolylene group, a pyrazolylene group, a pyridinylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, an isoindolylene group, an indo-
lylene group, an indazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene
group, a quinazolinylene group, a cinnolinylene group,
a carbazolylene group, a phenanthridinylene group, an
acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzoxazolylene group, a ben-
zimidazolylene group, a furanylene group, a benzofura-
nylene group, a thiophenylene group, a benzothiophe-
nylene group, a thiazolylene group, an isothiazolylene
group, a benzothiazolylene group, an isoxazolylene
group, an oxazolylene group, a triazolylene group, a
tetrazolylene group, an oxadiazolylene group, a triazi-
nylene group, a dibenzofuranylene group, a dibenzo-
thiophenylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, an imidazopyrimidi-
nylene group, and an imidazopyridinylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-fluo-
renylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group,
an epoxy group, an aziridine group, a thiirane group, an
oxetane group, an azetidine group, a thiethane group, a
tetrahydrofuran group, a dioxolane group, a pyrrolidine
group, a pyrazolidine group, an imidazolidine group, an
oxazolidine group, a tetrahydrothiophene group, a sul-
folane group, a thiazolidine group, an g-caprolactone
group, an e-caprolactam group, a piperidine group, a
hexahydropyridazine group, a hexahydropyrimidine
group, a piperazine group, a morpholine group, a
tetrahydropyran group, a 1,3-dioxane group, a 1,4-
dioxane group, a trioxane group, a tetrahydrothiopyran
group, a thiomorpholine group, a thiomorpholine-1,1-
dioxide group, a pyranose group, a diazabicyclo|[2,2,
2]-octane group, a phenoxazine group, a phenothiazine
group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group,
a purinyl group, a quinolinyl group, an isoquinolinyl
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group, a benzoquinolinyl group, a phthalazinyl group,
a naphthyridinyl group, a quinoxalinyl group, a qui-
nazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzoxazolyl
group, a benzimidazolyl group, a furanyl group, a
benzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group. a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, an imidazopyridim-
idinyl group, and an imidazopyridinyl group, each
substituted 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
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,4-C,, cycloalkyl group, a C,-C,,
alkoxy group, a C,-C,, cycloalkoxy group, a C4-Cy,
aryl group. a C¢-C;, aryl group substituted with C,-C,,
alkyl group, a C4-C,,, aryloxy group, a C-C,,, arylthio
group, and a C,-C;, heteroaryl group.

5. The polymer of claim 1, wherein

Ar, and Ar, and/or Ar, and Ar |, are linked to form a ring
structure.

6. 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 azulene group, a heptalene
group, an indacene group, an acenaphthalene group, a
fluorene group, a spiro-fluorene group, a phenalene
group, a phenanthrene group, an anthracene group, a
fluoranthene group, a pyrene group, a chrysene group,
a naphthacene group, a picene group, a perylene group,
a pentaphenylene group, a hexacene group, a pyrrole
group, an imidazole group, a pyrazole group, a pyridine
group, a pyrazine group, a pyrimidine group, a
pyridazine group, an iso-indole group, an indole group,
an indazole group, a purine group, a quinoline group,
an isoquinoline group, a benzoquinoline group, a
phthalazine group, a naphthyridine group, a quinoxa-
line group, a quinazoline group, a cinnoline group, a
carbazole group, a phenanthridine group, an acridine
group, a phenanthroline group, a phenazine group, a
benzoxazole group, a benzimidazole group, a furan
group, a benzofuran group, a thiophene group, a ben-
zothiophene group, a thiazole group, an isothiazole
group, a benzothiazole group, an iso-oxazole group, an
oxazole group, a triazole group, a tetrazole group, an
oxadiazole group, a triazine group, a dibenzofuran
group, a dibenzothiophene group, a benzocarbazole
group, a dibenzocarbazole group, an imidazopyrimi-
dine group, and an imidazopyridine group; and

a benzene group, a pentalene group, an indene group, a
naphthalene group, an azulene group, a heptalene
group, an indacene group, an acenaphthalene group, a
fluorene group, a spiro-fluorene group, a phenalene
group, a phenanthrene group, an anthracene group, a
fluoranthene group, a pyrene group, a chrysene group,
a naphthacene group, a picene group, a perylene group,
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a pentaphenylene group, a hexacene group, a pyrrole
group, an imidazole group, a pyrazole group, a pyridine
group, a pyrazine group, a pyrimidine group, a
pyridazine group, an iso-indole group, an indole group,
an indazole group, a purine group, a quinoline group,
an isoquinoline group, a benzoquinoline group, a
phthalazine group, a naphthyridine group, a quinoxa-
line group, a quinazoline group, a cinnoline group, a
carbazole group, a phenanthridine group, an acridine
group, a phenanthroline group, a phenazine group, a
benzoxazole group, a benzimidazole group, a furan
group, a benzofuran group, a thiophene group, a ben-
zothiophene group, a thiazole group, an isothiazole
group, a benzothiazole group, an iso-oxazole group, an
oxazole group, a triazole group, a tetrazole group, an
oxadiazole group, a ftriazine group, a dibenzofuran
group, a dibenzothiophene group, a benzocarbazole
group, a dibenzocarbazole group, an imidazopyrimi-
dine group, and an imidazopyridine 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
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C;-C,, cycloalkyl group, a C,-C,,
alkoxy group, a C;-C, ¢ cycloalkoxy group, a C4-Cs,
aryl group, a C,-C,, aryl group substituted with C,-C,,
alkyl group, a C¢-Cs, aryloxy group, a C¢-Cs, arylthio
group, and a C,-C,, heteroaryl group.

7. The polymer of claim 1, wherein

W, and W, are each independently a divalent group
represented by —((CR,R;),)—

R, and R, are each independently selected from hydrogen,
a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C;-C ¢ cycloalkyl group, a
substituted or unsubstituted C,;-C,, alkoxy group, a
substituted or unsubstituted C;-C 5 cycloalkoxy group,
a substituted or unsubstituted C4-C,, aryl group, a
substituted or unsubstituted C,-C;, aryloxy group, a
substituted or unsubstituted C,-C,, aralkyl group, a
substituted or unsubstituted C-C,, heteroaryl group,
and —N(Q,)(Q,), and

q is an integer from 1 to 4.

8. The polymer of claim 1, wherein

Formula 1-1 is a divalent group represented by Formula
1-2:

Formula 1-2
)

- "
Z2)a3

wherein, in Formula 1-2,

7, and 7, are each independently selected from hydrogen,
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 car-
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boxylic 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,,, alkyl group, a C,-C,, alkenyl group,
a C,-C,, alkynyl group, a C;-C, cycloalkyl group, a
C,-C,, alkoxy group, a C;-C, ¢ cycloalkoxy group, a
C¢-Cyp aryl group, a C,-C,, aryl group substituted with
a C,-C,, alkyl, a C(-Cyq aryloxy group, a Ce-Csy,
arylthio group, and a C,-C,,, heteroaryl group,

d3 is an integer from 1 to 3, and

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

9. The polymer of claim 1, wherein

Formula 1-1 is selected from groups represented by
Formulae 4-1 to 4-4:

41
ZDa3

42

43
E Z)a3
Z2)a3
Z)a

S
®

(VZ)F I

44

*

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

7, and 7, are each independently selected from hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
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group, a hydrazine group, a hydrazone group, a car-
boxylic 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,, alkyl group, a C,-C, alkenyl group,
a C,-C,, alkynyl group, a C;-C, 4 cycloalkyl group, a
C,-C,, alkoxy group, a C,;-C, 4 cycloalkoxy group, a
Cs-C,, aryl group, a C,-C,,, aryl group substituted with
a C,-C,, alkyl group, a C4-Cs, aryloxy group, a C4-Csy,
arylthio group, and a C,-C,, heteroaryl group,

d3 is an integer from 1 to 3, and

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

10. The polymer of claim 1, wherein

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

a single bond, a phenylene group, a pentalenylene group,
an indenylene group, a naphthylene group, an azule-
nylene group, a heptalenylene group, an indacenylene
group, an acenaphthylene group, a fluorenylene group,
a spiro-fluorenylene group, a phenalenylene group, a
phenanthrenylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group,
an epoxy group, an aziridine group, a thiirane group, an
oxetane group, an azetidine group, a thiethane group, a
tetrahydrofuran group, a dioxolane group, a pyrrolidine
group, a pyrazolidine group, an imidazolidine group, an
oxazolidine group, a tetrahydrothiophene group, a sul-
folane group, a thiazolidine group, an &-caprolactone
group, an e-caprolactam group, a piperidine group, a
hexahydropyridazine group, a hexahydropyrimidine
group, a piperazine group, a morpholine group, a
tetrahydropyran group, a 1,3-dioxane group, a 1,4-
dioxane group, a trioxane group, a tetrahydrothiopyran
group, a thiomorpholine group, a thiomorpholine-1,1-
dioxide group, a pyranose group, a diazabicyclo[2,2,
2]-octane group, a phenoxazine group, a phenothiazine
group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolylene group, an imida-
zolylene group, a pyrazolylene group, a pyridinylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, an isoindolylene group, an indo-
lylene group, an indazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene
group, a quinazolinylene group, a cinnolinylene group,
a carbazolylene group, a phenanthridinylene group, an
acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzoxazolylene group, a ben-
zimidazolylene group, a furanylene group, a benzofura-
nylene group, a thiophenylene group, a benzothiophe-
nylene group, a thiazolylene group, an isothiazolylene
group, a benzothiazolylene group, an isoxazolylene
group, an oxazolylene group, a triazolylene group, a
tetrazolylene group, an oxadiazolylene group, a triazi-
nylene group, a dibenzofuranylene group, a dibenzo-
thiophenylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, an imidazopyrimidi-
nylene group, and an imidazopyridinylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-fluo-
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renylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group,
an epoxy group, an aziridine group, a thiirane group, an
oxetane group, an azetidine group, a thiethane group, a
tetrahydrofuran group, a dioxolane group, a pyrrolidine
group, a pyrazolidine group, an imidazolidine group, an
oxazolidine group, a tetrahydrothiophene group, a sul-
folane group, a thiazolidine group, an g-caprolactone
group, an g-caprolactam group, a piperidine group, a
hexahydropyridazine group, a hexahydropyrimidine
group, a piperazine group, a morpholine group, a
tetrahydropyran group, a 1,3-dioxane group, a 1,4-
dioxane group, a trioxane group, a tetrahydrothiopyran
group, a thiomorpholine group, a thiomorpholine-1,1-
dioxide group, a pyranose group, a diazabicyclo|[2,2,
2]-octane group, a phenoxazine group, a phenothiazine
group, an oxanthrene group, a thioxanthene group, a
phenoxathiin group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group,
a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinoliny! group, a phthalazinyl group,
a naphthyridinyl group, a quinoxalinyl group, a qui-
nazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzoxazolyl
group, a benzimidazolyl group, a furanyl group, a
benzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group. a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, an imidazopyridim-
idinyl group, and an imidazopyridinyl group, each
substituted 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
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C;-C,, cycloalkyl group, a C,-C,,
alkoxy group, a C;-C, cycloalkoxy group, a C4-Cs,
aryl group, a Cg-Cy aryl group substituted with a
C,-C,, alkyl group, a C-Cs, aryloxy group, a C-Csy,
arylthio group, and a C,-C,,, heteroaryl group.

11. The polymer of claim 1, wherein

Ar, and Ar, , are each independently selected from diva-
lent groups represented by Formulae 5-1 to 5-5:

5-1
N (Z3)as

N

x!
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-continued

(Z3)a

5-2

5-3

5-4

5-5

wherein, in Formulae 5-1 to 5-5,

7 10 75 are each independently selected from hydrogen,
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic 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,, alkyl group, a C,-C,, alkenyl group,
a C,-C,, alkynyl group, a C,-C, cycloalkyl group, a
C,-C,y alkoxy group, a C;-C, 4 cycloalkoxy group, a
C¢-Cy, aryl group, a C,-C,, aryl group substituted with
a C,-Cs, alkyl group, a C4-Cs, aryloxy group, a C-Csyg
arylthio group, and a C,-C,, heteroaryl group,

d3 is an integer from 1 to 3,

d4 is an integer from 1 to 4, and

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

12. The polymer of claim 1, wherein

Formula 1-1 is selected from divalent groups represented
by Formulae 4-1 to 4-4, and

Ar, and Ar,, are each independently selected from diva-
lent groups represented by Formulae 5-1 to 5-5:

41
Z)a

Q*,

Zalas

31

*

*i @Z)a3
iz ™

-continued

2)d3

(Z)a

Z2)as
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42

43

44

5-1

5-2

53

54
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-continued
5-5
Zs
. e |
N

wherein, in Formulae 4-1 to 4-4 and 5-1 to 5-5,

7, 10 Z are each independently selected from hydrogen,
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic 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,, alkyl group. a C,-C, alkenyl group,
a C,-C,, alkynyl group, a C,-C, cycloalkyl group, a
C,-C,, alkoxy group, a C;-C, ¢ cycloalkoxy group, a
Cs-Cy, aryl group, a C,-C,, aryl group substituted with
a C,-C,, alkyl group, a C4-C,, aryloxy group, a C-Cy,
arylthio group, and a C,-C,,, heteroaryl group,

d3 is an integer from 1 to 3,

d4 is an integer from 1 to 4, and

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

13. The polymer of claim 1, wherein

the polymer further comprises at least one of a second
repeating unit represented by Formula 2 and a third
repeating unit represented by Formula 3:

Formula 2
AI] l 3

1)

wherein, in Formula 2,

Ar|, is a substituted or unsubstituted (2+p)-valent C,-C,,
carbocyclic group or a substituted or unsubstituted
(2+4p)-valent C,-C;, heterocyclic group,

L is a single bond, a substituted or unsubstituted C,-C,,
alkylene group, or a substituted or unsubstituted phe-
nylene group,

Y is a crosslinking group,

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

when p is two or more, two or more groups L are identical
to or different from each other, and when p is two or
more, two or more groups Y are identical to or different
from each other:

Formula 3

—tArpt

wherein, in Formula 3,

Ar,, is a substituted or unsubstituted divalent C,-Cj,
carbocyclic group or a substituted or unsubstituted
divalent C,-C;, heterocyclic group.

14. The polymer of claim 13, wherein

Ar,, in Formula 2 is selected from:

a phenylene group, a fluorenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, and a
triphenylenylene group; and
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a phenylene group, a fluorenylene group, a dibenzofura-
nylene group, a dibenzothiophenylene group, and a
triphenylenylene group, each substituted 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 hydra-
zone 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,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a fluorenyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and
a triphenylenyl group.

15. The polymer of claim 13, wherein

Y in Formula 2 is at least one selected from groups
represented by Formulae 9-1 to 9-8:

9-1
H
/ H
&
Rjo
9-2
0O Rij
*—OWH
H
9-3
H
— / H
\Y
X/
Rj»
0-4
O
O\/A\
o NE
9-5
O
O
O e \/A\
N, Ris
9-6
O
O\Q
o Rys
9-7
O,
O
oL .~ \32
+ Nchy, Ris
9-8

/\
X

* —

wherein in Formulae 9-1 to 9-8,

R,oto R, 4are each independently selected from hydrogen
and a substituted or unsubstituted C,-C,, alkyl group,

q is an integer from 1 to 10, and

indicates a binding site to a neighboring atom.



US 2018/0182966 A1l

16. The polymer of claim 13, wherein
Ar,, in Formula 3 is selected from:

a phenylene group, a naphthylene group, a phenanthre-
nylene group, a triphenylene group, a pyridinylene
group, a pyrimidinylene group, and a triazinylene
group; and

a phenylene group, a naphthylene group, a phenanthre-
nylene group, a triphenylene group, a pyridinylene
group, a pyrimidinylene group, and a triazinylene
group, each substituted with at least one selected from
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic 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,, alkyl group, a C,-C, jalkoxy group, a
phenyl group, a naphthyl group, a phenanthrenyl group,
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a triphenyl group, a pyridinyl group, a pyrimidinyl
group, and a triazinyl group.

17. A composition comprising:

the polymer of claim 1; and

a solvent or a dispersion medium.

18. An organic light-emitting device comprising;

a first electrode;

a second electrode; and

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

wherein the organic layer comprises the polymer of claim
1.

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

the emission layer comprises a phosphorescent dopant.

20. The organic light-emitting device of claim 18, wherein

the organic layer comprises a hole transport layer, and

the hole transport layer comprises the polymer.
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patsnap

TRAFROE) REeY , BEREAYNESYNIEREAYNEINANXEE
NIF(2E)E US20180182966A1 K (2E)R 2018-06-28
RS US15/851983 iR 2017-12-22

IRIREERFROAR) ZELEFHKIALHE
B (EFIR)A(GR) SAMSUNG ELECTRONICS CO. , LTD.

LFTEHIB(ERR)A(E) SAMSUNG ELECTRONICS CO. , LTD.

[FRIRBAA ISHII NORIHITO
SHIBATA KATSUNORI
KATO FUMIAKI
RHEA ISHII, NORIHITO
SHIBATA, KATSUNORI
KATO, FUMIAKI
IPCH S HO1L51/00 C08G61/12
CPCH¥%S HO01L51/0039 C08G61/128 C08G61/124 HO1L51/0043 HO1L51/5206 HO1L51/5221 HO1L51/5016

HO1L51/5056 HO1L51/0007 HO1L51/56 C08G2261/12 C08G2261/1414 C08G2261/1412 C08G2261
/312 C08G2261/3142 C08G2261/95 C08G61/12 C08G2261/135 C08G2261/3424 C08G2261/411
C08G2261/5242 HO1L51/0034 HO1L51/0035

£ A 2016253757 2016-12-27 JP
1020170150709 2017-11-13 KR

SNERaE Espacenet USPTO

HE(®) ;“’”

BEEL-MEMMRTNE-—ESLINREY . Hi , #2114,
ANTEEERNTHHERAMEE,

110~



https://share-analytics.zhihuiya.com/view/108959fc-28b3-47d6-ae46-ac8bbb08452f
https://worldwide.espacenet.com/patent/search/family/062623415/publication/US2018182966A1?q=US2018182966A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180182966%22.PGNR.&OS=DN/20180182966&RS=DN/20180182966

