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(57) ABSTRACT

An amino fluorene polymer including a first repeating unit
represented by Formula 1:
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wherein, in Formula 1, A, F, F', m1, n1,n2, R, R,, R;, and
R, are the same as described in the specification.
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AMINO FLUORENE POLYMER AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2015-171690, filed on Sep. 1, 2015, in
Japan Patent Office, and Korean Patent Application No.
10-2016-0004403, filed on Jan. 13, 2016, 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 entirety by reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to an amino fluorene
polymer and an organic light-emitting device including the
amino fluorene polymer.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices (OLEDs) are self-
emission devices that have wide viewing angles, high con-
trast ratios, and short response times. In addition, the OLEDs
exhibit excellent luminance, driving voltage, and response
speed characteristics, and produce full-color images.

[0006] A typical 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 electrons are
recombined in the emission layer to produce excitons. These
excitons change from an excited state to a ground state to
thereby generate light.

[0007] 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

[0008] Provided are an amino fluorene polymer and an
organic light-emitting device including the amino fluorene
polymer.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0010] According to an aspect of an embodiment, an
amino fluorene polymer includes a first repeating unit rep-
resented by Formula 1:
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Formula 1
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[0011] wherein, in Formula 1,

[0012] R, to R, are each independently selected from a
hydrogen atom, a substituted or unsubstituted C,-C,, alkyl
group, and a substituted or unsubstituted C4-C;, aryl group;
[0013] ml is an integer from 1 to 20,

[0014] F and F' are each independently selected from a
substituted or unsubstituted azafluorenylene group and a
substituted or unsubstituted fluorenylene group;

[0015] nl and n2 are each independently selected from 1
and 2;

[0016] A is a group represented by Formula 2;

[0017] R, is selected from a hydrogen atom, a halogen

atom, a hydroxyl group. a nitro group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C5-C, 4 cycloalkyl group, a substituted
or unsubstituted C,-C,, aryl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsubstituted
C,-C,4 cycloalkoxy group, a substituted or unsubstituted
C¢-Cy, aryloxy group, a substituted or unsubstituted C,-C,,
aralkyl group, a substituted or unsubstituted C5-C, het-

eroaryl group, —Si(Q;)(Q,)(Qs), and —N(Q,)(Q,);

Formula 2
Ar

Ly N—(L)y—*

[0018] wherein, in Formula 2,

[0019] L, and L, are each independently selected from a
single bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C5-C,; cycloalkylene
group, a substituted or unsubstituted C4-C,, arylene group,
a substituted or unsubstituted C,-C,, oxyalkylene group, a
substituted or unsubstituted C;-C | ; oxycycloalkylene group,
a substituted or unsubstituted C,-C,, oxyarylene group, a
substituted or unsubstituted C,-C,,, aralkylene group, a sub-
stituted or unsubstituted C-C,, heteroarylene group, —Si

(Qu)(Qs)-; and —N(Qy)-;

[0020] n3 and n4 are each independently selected from 1
and 2;
[0021] Ar, is selected from a hydrogen atom, a substituted

or unsubstituted C,-C,, alkyl group, a substituted or unsub-
stituted C;-C, cycloalkyl group, a substituted or unsubsti-
tuted C4-Cy, aryl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted C;-C,
cycloalkoxy group, a substituted or unsubstituted C¢-Cs,
aryloxy group, a substituted or unsubstituted C,-C,, aralkyl
group, a substituted or unsubstituted C,-C,, heteroaryl

group, and —N(Qs)Q5);
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[0022] wherein, Ar, optionally binds to F, F', L, or L, to
form a ring;
[0023] Q, to Q, are each independently selected from a

hydrogen atom, a substituted or unsubstituted C,-C,, alkyl
group, and a substituted or unsubstituted C,-C,, aryl group;
and

[0024] * is a binding site to an adjacent atom.

[0025] According to an aspect of another embodiment, an
organic light-emitting device includes:

[0026] a first electrode;
[0027] a second electrode; and
[0028] an organic layer disposed between the first elec-

trode and the second electrode,
[0029] wherein the organic layer includes the amino fluo-
rene polymer.

BRIEF DESCRIPTION OF THE DRAWING

[0030] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawing in which:

[0031] FIG. 1 is a schematic cross-sectional view illus-
trating an organic light-emitting device according to an
embodiment.

DETAILED DESCRIPTION

[0032] 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.

[0033] 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.

[0034] 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, layet, 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.

[0035] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0036] The term “or” means “and/or.”” It will be further
understood that the terms “comprises” and/or “comprising,”
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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.

[0037] 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.

[0038] 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.
[0039] “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.

[0040] As used herein, the expression of a numerical range
with, such as “from x to y”, refers to the range “from x or
greater to y or less.”

[0041] Unless defined otherwise, performing processes
and measuring physical properties are considered as being
done at a temperature of about 20 to 25° C. and a relative
humidity of about 40% to about 50%.

[0042] To manufacture a large organic light-emitting
device at lower costs, a liquid coating method may be used.
Aliquid coating method has a higher utilization efficiency of
material compared to vacuum deposition methods. It is a
convenient method of manufacturing a large organic light-
emitting device, which does not need an expensive vacuum
deposition apparatus.

[0043] Examples of used materials for a liquid coating
method may include a small molecule material and a poly-
mer material. The polymer material may have high coating
uniformity and may have advantages of ease of forming
multilayer.

[0044] For example, Patent documents 1 to 10 listed
below disclose materials for organic light-emitting devices,
wherein a part of small molecule material is replaced by
vinyl groups, followed by polymerization to obtain polym-
erized materials for organic light-emitting devices.
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[0045] Patent document 1: JP 1995-090255
[0046] Patent document 2: JP 1996-054833
[0047] Patent document 3: JP 1996-269133
[0048] Patent document 4: JP 2001-098023
[0049] Patent document 5: JP 2002-110359
[0050] Patent document 6: JP 2003-313240
[0051] Patent document 7: JP 2004-059743
[0052] Patent document 8: JP 2006-237592
[0053] Patent document 9: JP 2008-198989
[0054] Patent document 10: JP 2008-218983
[0055] However, an organic light-emitting device manu-

factured using such materials as disclosed in Patent docu-
ments 1 to 10 by a liquid coating method may have insuf-
ficient lifetime.

[0056] Hereinafter, embodiments of the present disclosure
are described in greater details, but are not limited thereto.
[0057] Amino Fluorene Polymer

[0058] An amino fluorene polymer according to an
embodiment may be a material with the ability to form a
layer of an organic light-emitting device by liquid coating
method. The amino fluorene polymer may have high solu-
bility in solvents and may ensure high stability of layers after
being coated. An organic light-emitting device including the
amino fluorene polymer may have improved lifetime.
[0059] The amino fluorene polymer may be a polymer
obtained by polymerization of polymerizable monomers.
The amino fluorene polymer may include a first repeating
unit represented by Formula 1.

ERI R ;
R (B

A

Formula 1

|
(F’)nl

T
R4

[0060] In Formula 1, R, to Ry may be each independently
selected from a hydrogen atom, a substituted or unsubsti-
tuted C,-C,, alkyl group, and a substituted or unsubstituted
C¢-Cs, aryl group.

[0061] For example, in Formula 1, R, to R; may be each
independently selected from a hydrogen atom, a methyl
group, an ethyl group, an n-propyl group, and an n-butyl
group. However, embodiments are not limited thereto.
[0062] In certain embodiments, in Formula 1, R, to R,
may be each independently selected from a hydrogen atom
and a methyl group. However, embodiments are not limited
thereto.

[0063] In Formula 1, m1. which indicates the number of
repeating of a moiety represented by *-A-(F"), ,—*', may be
an integer from 1 to 20.

[0064] For example, in Formula 1, m1 may be an integer
from 1 to 15. However, embodiments are not limited thereto.
[0065] In Formula 1, F and F' may be each independently
selected from a substituted or unsubstituted azafluorenylene
group and a substituted or unsubstituted fluorenylene group.
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[0066] For example, in Formula 1, F and F' may be each
independently a group represented by Formula 3. However,
embodiments are not limited thereto.

Formula 3
Rs R
1 Y
Y >
A A
R —t T Rsh
=y vs

[0067] In Formula 3,

[0068] R, to Ry may be each independently selected from
a binding site, a hydrogen atom, a halogen atom, a hydroxyl
group, a nitro group, a cyano group, a substituted or unsub-
stituted C,-C,,, alkyl group, a substituted or unsubstituted
C;-Cys cycloalkyl group, a substituted or unsubstituted
Cs-Cy, aryl group, a substituted or unsubstituted C,-C,,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkoxy group, a substituted or unsubstituted C4-Cs,
aryloxy group, a substituted or unsubstituted C,-C,, aralkyl
group, a substituted or unsubstituted C5-C,, heteroaryl
group, —Si(Q,)(Q,)(Qs), and —N(Q, Q)

[0069] wherein, adjacent groups selected from R to Ry
may be optionally linked to one another to form a ring;
[0070] wherein two groups selected from R, to R, may be
binding sites to adjacent atoms (i.e., two groups selected
from R to Ry may represent open valences);

[0071] Q, to Q5 may be each independently selected from
a hydrogen atom, a substituted or unsubstituted C,-C,, alkyl
group, and a substituted or unsubstituted C,-C,, aryl group;
[0072] a and b may be each independently selected from
1,2, 3, and 4; and

[0073] Y, to Y, may be each independently a carbon atom
or a nitrogen atom.

[0074] For example, in Formula 3, R, to R, may be each
independently selected from

[0075] a binding site, a hydrogen atom, a C,-C,, alkyl
group, a C4-C;, aryl group, and a Cs-C,, heteroaryl group,
[0076] a C,-C,, alkyl group substituted with at least one
selected from a halogen atom and a C¢-C,, aryl group, and
[0077] aC4-Cs;q aryl group and a C,-Cy, heteroaryl group,
each substituted with at least one selected from a C-C, aryl
group, each substituted with at least one selected from
C,-Cy alkyl group, a C4-Cs, aryl group, and a C4-Csy, aryl
group,

[0078] wherein, adjacent groups selected from Ry to Rg
may be optionally linked to one another to form a ring; and
[0079] wherein two groups selected from R to Ry may be
binding sites to adjacent atoms (i.e., two groups selected
from R, to R, may represent open valences). However,
embodiments are not limited thereto.

[0080] In certain embodiments, in Formula 3, Rs to Ry
may be each independently selected from

[0081] abinding site, a hydrogen atom, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-pentyl group, an isopentyl group, a
tert-pentyl group, a neopentyl group, a 1,2-dimethyl propyl
group, an n-hexyl group, an iso-hexyl group, a 1,3-dimeth-
ylbutyl group, a l-isopropyl propyl group, a 1,2-dimethyl
butyl group, an n-heptyl group, a 1,4-dimethyl pentyl group,
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a 3-ethylpentyl group, a 2-methyl-1-isopropyl propyl group,
a 1-ethyl-3-methyl butyl group, an n-octyl group, a 2-ethyl
hexyl group, a 3-methyl-1-isopropyl butyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl a pro-
pyl group, an n-nonyl group, a 3,5,5-trimethyl hexyl group,
an n-decyl group, an iso-decyl group, an n-undecyl group, a
1-methyl decyl 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 and an n-eicosyl group, a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthrenyl group, a pyridyl group, a pyrimidyl group, a
pyrazinyl group, a triazinyl group, a furanyl group, and a
thiophenyl group,

[0082] a methyl group, an ethyl group, and an n-propyl
group, each substituted with at least one selected from —F,
a pheny! group, and a naphthyl group, and

[0083] a phenyl group, a naphthyl group, an anthracenyl
group, a phenanthrenyl group, a pyridyl group, a pyrimidyl
group, a pyrazinyl group, a triazinyl group, a furanyl group,
and a thiophenyl group, each substituted with at least one
selected from a methyl group, an ethyl group, an n-propyl
group, an iso-propyl group, an n-butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, an n-octyl
group, a phenyl group, a naphthyl group, a phenyl group
substituted with a methyl group, and a phenyl group sub-
stituted with a tert-butyl group;

[0084] wherein, adjacent groups selected from R; to R,
may be optionally linked to one another to form a ring; and
[0085] wherein two groups selected from R to Ry may be
binding sites to adjacent atoms (i.e., two groups selected
from R5 to Ry may represent open valences). However,
embodiments are not limited thereto.

[0086] In certain embodiments, in Formula 3, Rs to Rq
may be each independently selected from

[0087] abinding site, a hydrogen atom, a methyl group, an
ethyl group, an n-propyl group, an iso-propyl group, an
n-butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, an n-octyl group, an n-octadecyl group, a
phenyl group, a pyridinyl group, and a thiophenyl group,
[0088] a methyl group and an ethyl group, each substituted
with at least one selected from —F and a phenyl group, and
[0089] a phenyl group substituted with at least one
selected from a methyl group, a tert-butyl group, an n-octyl
group, a phenyl group, and a phenyl group substituted with
a tert-butyl group;

[0090] wherein, adjacent groups selected from Ry to Rq
may be optionally linked to one another to form a ring; and
[0091] wherein two groups selected from R, to Ry may be
binding sites to adjacent atoms (i.e., two groups selected
from Ry to Ry may represent open valences). However,
embodiments are not limited thereto.

[0092] In certain embodiments, in Formula 1, F and F'
may be each independently selected from groups repre-
sented by Formulae 4-1 to 4-58. However, embodiments are
not limited thereto.
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[0093] In Formulae 4-1 to 4-58, any two hydrogen atoms
may be replaced by binding sites to adjacent atoms.
[0094] In Formula 1, nl as the number of repeating of F,
and n2 as the number of repeating of F' may be each
independently selected from 1 and 2.
[0095] In Formula 1, A may be a group represented by
Formula 2.

Formula 2
Ary

(L N—(L )y —*

[0096] In Formula 2,

[0097] L, and L, may be each independently selected from
a single bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C,-C, ; cycloalkylene
group, a substituted or unsubstituted C4-C,, arylene group,
a substituted or unsubstituted C,-C,, oxyalkylene group, a
substituted or unsubstituted C;-C, c oxycycloalkylene group,
a substituted or unsubstituted C4-C,, oxyarylene group, a
substituted or unsubstituted C,-C,, aralkylene group, a sub-
stituted or unsubstituted C;-C,, heteroarylene group, —Si
(Q)(Qs)-, and —N(Q,)-;

[0098] n3 and n4 may be each independently selected
from 1 and 2;

[0099] Ar, may be selected from a hydrogen atom, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C;-C, 4 cycloalkyl group, a substituted
or unsubstituted C4-C;, aryl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsubstituted
C;-C,¢ cycloalkoxy group, a substituted or unsubstituted
C¢-Cy, aryloxy group, a substituted or unsubstituted C,-C,,
aralkyl group, a substituted or unsubstituted C5-C;, het-
eroaryl group, and —N(Qq)(Q):

[0100] wherein, Ar, may optionally bindto F, F', L ,or L,
to form a ring;

[0101] Q,to Q, may be each independently selected from
a hydrogen atom, a substituted or unsubstituted C,-C,,, alkyl
group, and a substituted or unsubstituted C,-C;, aryl group;
and

[0102] * may be a binding site to an adjacent atom.
[0103] For example, in Formula 2, [, and L, may be each
independently selected from

[0104] a single bond, a C,-C,, alkylene group, and a
Cs-Cs4, arylene group, and

[0105] a C,-C,, alkylene group and a C4C,, arylene
group, each substituted with at least one selected from a
C,-C,, alkyl group and a C4-C,, aryl group. However,
embodiments are not limited thereto.

[0106] In certain embodiments, in Formula 2, L; and L,
may be each independently selected from

[0107] asingle bond, a methylene group, and a phenylene
group, and
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[0108] a methylene group and a phenylene group, each
substituted with at least one selected from a methyl group,
an n-hexyl group. and a phenyl group. However, embodi-
ments are not limited thereto.

[0109] For example, in Formula 2, Ar, may be selected
from
[0110] a hydrogen atom, a C,-C,, alkyl group, and a

Cs-Cy, aryl group, and

[0111] a C4-C,, aryl group substituted with at least one
selected from a C;-C,, alkyl group, a C¢-C,,, aryl group, and
a C,-C,, alkoxy group; and

[0112] wherein, Ar, may optionally bind to F, F', L, or L,
to form a ring. However, embodiments are not limited
thereto.

[0113] In certain embodiments, in Formula 2, Ar, may be
selected from
[0114] a hydrogen atom, a methyl group, an ethyl group,

an n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethyl pentyl group, a 3-ethyl pentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methylbutyl group, an n-octyl group, a 2-ethyl hexyl group,
a 3-methyl-1-isopropyl butyl group, a 2-methyl-1-iso-propyl
group, a 1-tert-butyl-2-methyl-propyl group, a phenyl group,
a naphthyl group, an anthracenyl group, and a phenanthrenyl
group, and

[0115] a phenyl group, a naphthyl group, an anthracenyl
group, and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethyl pentyl group, a 3-ethylpentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methyl butyl group, an n-octyl group, a phenyl group, a
naphthyl group, a methoxy group, an ethoxy group, an
N-propoxy group, an iso-propoxy group, an n-butoxy group,
a tert-butoxy group, an n-pentyloxy group, an n-hexyloxy
group, an n-heptyloxy group, and an n-octyloxy group; and
[0116] wherein, Ar, may optionally bindto F, F', L, or L,
to form a ring. However, embodiments are not limited
thereto.

[0117] In certain embodiments, in Formula 2, Ar, may be
selected from a hydrogen atom, a methyl group, an n-hexyl
group, a phenyl group, a naphthyl group, and groups rep-
resented by Formulae 8-1 to 8-6; and

[0118] wherein, Ar, may optionally bind to F, F', L, or L,
to form a ring. However, embodiments are not limited
thereto.

8-1
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[0119] In Formulae 8-1 to 8-6, * may be a binding site to
an adjacent atom.

[0120] In Formula 1, R, may be selected from a hydrogen
atom, a halogen atom, a hydroxyl group, a nitro group, a
cyano group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C4-C5, aryl group, a
substituted or unsubstituted C,-C,, alkoxy group, a substi-
tuted or unsubstituted C;-C, 4 cycloalkoxy group, a substi-
tuted or unsubstituted C4-C,,, aryloxy group, a substituted or
unsubstituted C.-C,, aralkyl group, a substituted or unsub-
stituted C5-C,, heteroaryl group., —Si(Q,)(Q,)(Q5), and
—N(Q,)(Q,): and

[0121] Q, to Q, may be each independently selected from
a hydrogen atom, a substituted or unsubstituted C,-C,, alkyl
group, and a substituted or unsubstituted C-C,,, aryl group.

[0122] For example, in Formula 1, R, may be selected
from
[0123] a hydrogen atom, a C,-C,, alkyl group, a C4-C;,

aryl group, a C,-C,, alkoxy group, and —N(Q,)(Q,), and
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[0124] a C(-C,, aryl group substituted with at least one
selected from a C,-C,, alkyl group, a C,-C,,, aryl group, and
a C,-C,, alkoxy group; and

[0125] Q, and Q, may be each independently selected
from a hydrogen atom and a C4-C,, aryl group; and

[0126] a C,-C;, aryl group substituted with a C,-C, alkyl
group. However, embodiments are not limited thereto.

[0127] In certain embodiments, in Formula 1, R, may be
selected from
[0128] a hydrogen atom, a methyl group, an ethyl group,

an n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethyl pentyl group, a 3-ethyl pentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methyl butyl group, an n-octyl group, a 2-ethyl hexyl group,
a3-methyl-1-isopropyl butyl group, a 2-methyl-1-iso-propyl
group, a 1-tert-butyl-2-methyl-propyl group, a phenyl group,
a naphthyl group, an anthracenyl group, a phenanthrenyl
group, a methoxy group, an ethoxy group, an n-propoxy
group, an iso-propoxy group, an n-butoxy group, a tert-
butoxy group, an n-pentyloxy group, an n-hexyloxy group,
an n-heptyloxy group, an n-octyloxy group, and —N(Q,)
(Qy), and

[0129] a phenyl group, a naphthyl group, an anthracenyl
group, and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethyl pentyl group, a 3-ethyl pentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methyl butyl group, an n-octyl group, a phenyl group, a
naphthyl group, a methoxy group, an ethoxy group, an
N-propoxy group, an iso-propoxy group, an n-butoxy group,
a tert-butoxy group, an n-pentyloxy group, an n-hexyloxy
group, an n-heptyloxy group, and an n-octyloxy group; and

[0130] Q, and Q, may be each independently selected
from
[0131] a hydrogen atom, a phenyl group, a naphthyl

group, an anthracenyl group, and a phenanthrenyl group,
and

[0132] a phenyl group, a naphthyl group, an anthracenyl
group, and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, and a tert-butyl group.
However, embodiments are not limited thereto.

[0133] In certain embodiments, in Formula 1, R, may be
selected from a hydrogen atom, a methyl group, an n-hexyl
group, a phenyl group, a naphthyl group, a methoxy group,
and groups represented by Formulae 8-1 to 8-7. However,
embodiments are not limited thereto.
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[0134] In Formulae 8-1 to 8-7, * may be a binding site to
an adjacent atom.

[0135] For example, the first repeating unit of Formula 1
may be represented by Formula 1-1. However, embodiments
are not limited thereto.
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[0136] In Formula 1-1,
[0137] R, to R; may be each independently selected from

a hydrogen atom, a substituted or unsubstituted C,-C, , alkyl
group, and a substituted or unsubstituted C4-C,, aryl group;

[0138]

[0139] F and F' are each independently selected from a
substituted or unsubstituted azafluorenylene group and a
substituted or unsubstituted fluorenylene group;

ml may be an integer from 1 to 20;

[0140] nl and n2 may be each independently selected
from 1 and 2;

[0141] A may be a group represented by Formula 2; and
[0142] R, may be selected from a hydrogen atom, a

halogen atom, a hydroxyl group, a nitro group, a cyano
group, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C;-C, . cycloalkyl group, a sub-
stituted or unsubstituted C4-C,,, aryl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or unsub-
stituted C5-C, ¢ cycloalkoxy group, a substituted or unsub-
stituted C4-C,,, aryloxy group, a substituted or unsubstituted
C,-C,, aralkyl group, a substituted or unsubstituted C5-C,,

heteroaryl group, —Si(Q,}(Q,)(Qs), and —N(Q,)(Q)-

CH;

Q010

CgHy7 CsHys

11

CeHy7 Csllyr
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Formula 2
Ary
L= N—(L)u—
[0143] In Formula 2,
[0144] L, and [, may be each independently selected from

asingle bond, a substituted or unsubstituted C, -C,, alkylene
group, a substituted or unsubstituted C;-C, ; cycloalkylene
group, a substituted or unsubstituted C,-C,, arylene group,
a substituted or unsubstituted C,-C,, oxyalkylene group, a
substituted or unsubstituted C;-C | ; oxycycloalkylene group,
a substituted or unsubstituted C4-C,, oxyarylene group, a
substituted or unsubstituted C,-C,,, aralkylene group, a sub-
stituted or unsubstituted C;-C, heteroarylene group, —Si

(Qu)(Qs)-, and —N(Q,)-;

[0145] n3 and n4 may be each independently selected
from 1 and 2;
[0146] Ar, may be selected from a hydrogen atom, a

substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C, 4 cycloalkyl group, a substituted
or unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsubstituted
C,-C,, cycloalkoxy group, a substituted or unsubstituted
Cs-C4, aryloxy group, a substituted or unsubstituted C,-C,,
aralkyl group, a substituted or unsubstituted C;-C,, het-

eroaryl group, and —N(Q)(Q,);

[0147] wherein, Ar, may optionally bind to F, F', L ,or L,
to form a ring;

[0148] * may be a binding site to an adjacent atomni;
[0149] Rs to Ry may be each independently selected from

a hydrogen atom, a halogen atom, a hydroxyl group, a nitro
group, a cyano group, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C5-C, ; cycloalkyl
group, a substituted or unsubstituted C4-C,, aryl group, a
substituted or unsubstituted C,-C,, alkoxy group, a substi-
tuted or unsubstituted C;-C, ; cycloalkoxy group, a substi-
tuted or unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or unsub-
stituted C;-C,, heteroaryl group, —Si(Q,)(Q,)(Q;), and
—N(QQy);

[0150] wherein, adjacent groups selected from Ry to Rq
may be optionally linked to one another to form a ring;

[0151] a and b may be each independently selected from
1,2, 3, and 4;
[0152] Y, to Y, may be each independently a carbon atom

or a nitrogen atorm; and

[0153] Q, to Q, may be each independently selected from
ahydrogen atom, a substituted or unsubstituted C,-C,, alkyl
group, and a substituted or unsubstituted C4-C,,, aryl group.
[0154] For example, the first repeating unit of Formula 1
may be selected from units represented by the following
formulae. However, embodiments are not limited thereto.

CH;

TR

Csllj7 CsHys
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[0155] In the above formulae, m may be an integer from
1 to 10.
[0156] An amino fluorene polymer according to any

embodiment includes a fluorene structure directly bound to
a side chain of the polymer, wherein the fluorene structure
further includes: i) a substituent with an amine structure and
ii) a substituent with a fluorene structure. The amino fluo-
rene polymer may include consecutive substituents with
amine structure and consecutive substituents with fluorene
structure. Alternatively, the substituents with amine struc-
ture may alternate with the substituents with fluorene struc-
ture.

[0157] An organic light-emitting device including an
amino fluorene polymer according to any of the embodi-
ments may have improved emission lifetime and improved
current efficiency.

[0158] The amino fluorene polymer including a first
repeating unit represented by Formula 1 may include a
fluorenylene group at a polymerization site, and thus may
have about 3 times or greater higher carbon-carbon bond
dissociation energy, compared to polymers including a phe-
nylene group at a polymerization site. Accordingly, an
organic light-emitting device including the amino fluorene
polymer may have improved lifetime.

[0159] The amino fluorene polymer may have a number
average molecular weight (Mn) of, for example, about
10,000 Daltons (Da) or greater to about 100,000 Da or less.
However, embodiments are not limited thereto. While not
wishing to be bound by theory, it is understood that when the
amino fluorene polymer has a number average molecular
weight within this range, a coating composition for forming
a layer including the amino fluorene polymer (for example,
ahole injection layer and/or a hole transport layer) may have
an appropriate viscosity, and thus the resulting layer may
have a uniform thickness.

[0160] The amino fluorene polymer may have a weight
average molecular weight (Mw) of, for example, about
10,000 Da or greater to about 300,000 Da or less. However,
embodiments are not limited thereto. While not wishing to
be bound by theory, it is understood that when the amino
fluorene polymer has a weight average molecular weight
within this range, a coating composition for forming a layer
including the amino fluorene polymer (for example, a hole
injection layer and/or a hole transport layer) may have an
appropriate viscosity, and thus the resulting layer may have
a uniform thickness.

CgHy7 CeHy7 CeHyy C8H17

Qw 0000

S

¢

CgHy7 Cslly7 CgHy7 CeHy5

[0161] The amino fluorene polymer may have a polydis-
persity index (as a ratio of weight average molecular weight
to number average molecular weight (Mn/Mw)) of, for
example, about 1.5 or greater and 2.5 or less. However,
embodiments are not limited thereto. While not wishing to
be bound by theory, it is understood that when the amino
fluorene polymer has a polydispersity index within this
range, a coating composition for forming a layer including
the amino fluorene polymer (for example, a hole injection
layer and/or a hole transport layer) may have an appropriate
viscosity, and thus the resulting layer may have a uniform
thickness.

[0162] Methods of measuring or calculating the number
average molecular weight (Mn), weight average molecular
weight (Mw), and polydispersity index are not particularly
limited, and may be any known methods. As used herein, a
number average molecular weight (Mn), a weight average
molecular weight (Mw), and a polydispersity index are
values measured by the methods described in examples that
will be described later.

[0163] The amino fluorene polymer may further include a
second repeating unit derived from a monomer including at
least one cross-linking group. That is, the amino fluorene
polymer may be a copolymer including a first repeating unit
as described above and a second repeating unit.

[0164] The cross-linking group may be selected from
cross-linking groups represented by Formulae 5-1 to 5-10.
However, embodiments are not limited thereto.
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[0165] In Formulae 5-1 to 5-10,
[0166] R, to R,; may be each independently a hydrogen

atom, or a substituted or unsubstituted C,-C,, alkyl group;

[0167] p may be an integer from 1 to 10; and
[0168] * may be a binding site to an adjacent atom.
[0169] In certain embodiments, the second repeating unit

may be represented by Formula 6. However, embodiments
are not limited thereto.

Formula 6

(RZG)d_’\/
/|/
|

17
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[0170] In Formula 6,

[0171] R,,to R,, may be each independently a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group, or
a substituted or unsubstituted C,-C, aryl group;

[0172] R,, to R,y may be each independently selected
from cross-linking groups represented by Formulae 5-1 to
5-10, a hydrogen atom, a halogen atom, a hydroxyl group,
a nitro group, a cyano group, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C5-C,
cycloalkyl group, a substituted or unsubstituted C,-C,,, aryl
group, a substituted or unsubstituted C, -C,,, alkoxy group, a
substituted or unsubstituted C;-C, 4 cycloalkoxy group, a
substituted or unsubstituted C-C,, aryloxy group, a substi-
tuted or unsubstituted C,-C,,, aralkyl group, a substituted or
unsubstituted C,-C,,, heteroaryl group, —Si(Q,)(Q,)(Q;),

and —N(Q, )(Q,);

[0173] wherein, adjacent groups of R,y to R,q may be
optionally linked to one another to form a ring;

[0174] at least one group of R,, to R, may be selected
from cross-linking groups represented by Formulae 5-1 to
5-10;

[0175] c, d, e, and f may be each independently selected
from 1, 2, and 3;

[0176] A' may be selected from a single bond, a substi-
tuted or unsubstituted C,-C,, alkylene group, a substituted
or unsubstituted C,-C, 4 cycloalkylene group, a substituted
or unsubstituted C4-C,, arylene group, a substituted or
unsubstituted C,-C,, oxyalkylene group, a substituted or
unsubstituted C;-C, ; oxycycloalkylene group, a substituted
or unsubstituted C4-C,,, oxyarylene group, a substituted or
unsubstituted C,-C,, aralkylene group, a substituted or
unsubstituted C5-Cs, heteroarylene group, —Si(Q,)(Qs)-,
and —N(Q,)-;

[0177] n5 may be selected from 1, 2, 3, 4, and 5;
[0178] m2 may be an integer from 0 to 20,
[0179] Q, to Q5 may be each independently selected from

a hydrogen atom, a substituted or unsubstituted C,-C,,, alkyl
group, and a substituted or unsubstituted C,-C,, aryl group;

5-1
H
H
b
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[0180] In Formulae 5-1 to 5-10,
[0181] R, to R,; may be each independently a hydrogen

atom, or a substituted or unsubstituted C,-C,, alkyl group;

[0182] p may be an integer from 1 to 10; and
[0183] * may be a binding site to an adjacent atom.
[0184] For example, in Formula 6, R, to R, may be each

independently selected from a hydrogen atom, a methyl
group, an ethyl group, an n-propyl group, and an n-butyl
group. However, embodiments are not limited thereto.
[0185] In certain embodiments, in Formula 6, R to R
may be each independently selected from a hydrogen atom
and a methyl group. However, embodiments are not limited
thereto.

[0186] For example, in Formula 6, R, to R, may be each
independently selected from

[0187] the cross-linking groups represented by Formulae
5-1t0 5-10, a hydrogen atom, a C,-C,,, alkyl group, a C4-Cy
aryl group, a C,-C,, alkoxy group, and —N(Q,)(Q,), and
[0188] a C(-Cyy aryl group substituted with at least one
selected from a C,-C,,, alkyl group, a C-C,, aryl group, and
a C,-C,, alkoxy group;

[0189] wherein, adjacent groups of R,, to R,; may be
optionally linked to one another to form a ring;

[0190] at least one group of R,, to R,; may be selected
from the cross-linking groups represented by Formulae 5-1
to 5-10; and

[0191] Q, and Q, may be each independently selected
from a hydrogen atom and a C4-Cs, aryl group; and
[0192] a C,-C,, aryl group substituted with C,-C,, alkyl
group. However, embodiments are not limited thereto.
[0193] In certain embodiments, in Formula 6, R,, to R,
may be each independently selected from

[0194] the cross-linking groups represented by Formulae
5-1 to 5-10, a hydrogen atom, a methyl group, an ethyl

Mar. 2, 2017

group, an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethylpropyl group, an
n-hexyl group, an iso-hexyl group, a 1,3-dimethyl butyl
group, a l-isopropyl propyl group, a 1,2-dimethyl butyl
group, an n-heptyl group, a 1,4-dimethyl pentyl group, a
3-ethyl pentyl group, a 2-methyl-1-isopropyl propyl group,
a 1-ethyl-3-methyl butyl group, an n-octyl group, a 2-ethyl
hexyl group, a 3-methyl-1-isopropyl butyl group, a
2-methyl-1-iso-propyl group and 1-tert-butyl-2-methyl-pro-
pyl group, a phenyl group, a naphthyl group. an anthracenyl
group, a phenanthrenyl group, a methoxy group, an ethoxy
group, an n-propoxy group, an iso-propoxy group, an n-bu-
toxy group, a tert-butoxy group, an n-pentyloxy group, an
n-hexyloxy group, an n-heptyloxy group, an n-octyloxy
group, and —N(Q, (Q,), and

[0195] a phenyl group, a naphthyl group, an anthracenyl
group, and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethy] pentyl group, a 3-ethyl pentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methyl butyl group, an n-octyl group, a phenyl group, a
naphthyl group, a methoxy group, an ethoxy group, an
N-propoxy group, an iso-propoxy group, an n-butoxy group,
a tert-butoxy group, an n-pentyloxy group, an n-hexyloxy
group, an n-heptyloxy group, and an n-octyloxy group,

[0196] wherein, adjacent groups of R,, to R, may be
optionally linked to one another to form a ring;

[0197] at least one group of R,, to R,; may be selected
from the cross-linking groups represented by Formulae 5-1
to 5-10; and

[0198] Q, and Q, may be each independently selected
from
[0199] a hydrogen atom, a phenyl group, a naphthyl

group, an anthracenyl group, and a phenanthrenyl group,
and

[0200] a phenyl group, a naphthyl group, an anthracenyl
group, and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, and a tert-butyl group.
However, embodiments are not limited thereto.

[0201] In certain embodiments, in Formula 6, R, to R,
may be each independently selected from the cross-linking
groups represented by Formulae 5-1 to 5-10, a hydrogen
atom, a methyl group, an n-hexyl group, a phenyl group, a
naphthyl group, a methoxy group, and groups represented by
Formulae 8-1 to 8-7;

[0202] wherein, adjacent groups of R,y to R,; may be
optionally linked to one another to form a ring; and

[0203] at least one group of R,, to R,¢ may be selected
from the cross-linking groups represented by Formulae 5-1
to 5-10. However, embodiments are not limited thereto.
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[0204] In Formulae 8-1 to 87, * may be a binding site to
an adjacent atom.

[0205] For example, in Formula 6, A' may be selected
from
[0206] a single bond, a C,-C,, alkylene group, a C,-Cs,

arylene group, and —N(Q,,), and

[0207] a C,-C,, alkylene group and a Cg-C,, arylene
group, each substituted with at least one selected from a
C,-C, alkyl group and a C¢-Cy, aryl group; and
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[0208] Q, may be selected from a hydrogen atom, a
C,-C,, alkyl group, and a C4-C,,, aryl group, and

[0209] a C-Cy, aryl group substituted with at least one
selected from a C,-C,,, alkyl group, a C4-C,, aryl group, and
a C,-C,, alkoxy group. However, embodiments are not
limited thereto.

[0210] In certain embodiments, in Formula 6, A' may be
selected from
[0211] a single bond, a methylene group, a phenylene

group, and —N(Q,,), and

[0212] a methylene group and a phenylene group, each
substituted with at least one selected from a methyl group,
an n-hexyl group, and a phenyl group; and

[0213] Q, may be selected from

[0214] a hydrogen atom, a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethylbutyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethyl pentyl group, a 3-ethyl pentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methyl butyl group, an n-octyl group, a 2-ethyl hexyl group,
a 3-methyl-1-isopropylbutyl group, a 2-methyl-1-iso-propyl
group, a 1-tert-butyl-2-methyl-propyl group, a phenyl group,
anaphthyl group, an anthracenyl group, and a phenanthrenyl
group, and

[0215] a phenyl group, a naphthyl group, an anthracenyl
group, and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethyl propyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethyl pentyl
group, a 2-methyl-1-isopropyl propyl group, a 1-ethyl-3-
methyl butyl group, an n-octyl group, a phenyl group, a
naphthyl group, a methoxy group, an ethoxy group, an
N-propoxy group, an iso-propoxy group, an n-butoxy group,
a tert-butoxy group, an n-pentyloxy group, an n-hexyloxy
group, an n-heptyloxy group, and an n-octyloxy group.
However, embodiments are not limited thereto.

[0216] In certain embodiments, in Formula 6, A' may be
selected from
[0217] a single bond, a methylene group, a phenylene

group, and —N(Q,), and

[0218] a methylene group and a phenylene group. each
substituted with at least one selected from a methyl group,
an n-hexyl group, and a phenyl group; and

[0219] Q, may be selected from a hydrogen atom, a
methyl group, an n-hexyl group, a phenyl group, a naphthyl
group, and groups represented by Formulae 8-1 to 8-6.
However, embodiments are not limited thereto.
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[0220] In Formulae 8-1 to 8-6, * may be a binding site to
an adjacent atom.

[0221] For example, in Formula 6, (A"), s may be selected
from
[0222] a single bond, a C,-C,, alkylene group, a C4-Csq

arylene group, and a group represented by Formula 2, and
[0223] a C,-C,, alkylene group and a C4-C,, arylene
group, each substituted with at least one selected from a
C,-C,; alkyl group and a C4-C,, aryl group. However,
embodiments are not limited thereto.

Formula 2
Ar

F— (L= N—(L)u—*

[0224] In Formula 2,
[0225] L, and [, may be each independently selected from
[0226] a single bond, a C,-C,, alkylene group, and a

Cs-Cs, arylene group, and

[0227] a C,-C,, alkylene group and a Cg-C,, arylene
group, each substituted with at least one selected from a
C,-C, alkyl group and a C4-Cy, aryl group;

20
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[0228] n3 and n4 may be each independently selected
from 1 and 2;

[0229] Ar, may be selected from

[0230] a hydrogen atom, a C,-C,, alkyl group, and a

C¢-C,, aryl group, and

[0231] a C,-C5, aryl group substituted with at least one
selected from a C,-C,, alkyl group, a C¢-C;, aryl group, and
a C,-C,, alkoxy group; and

[0232] * may be a binding site to an adjacent atom.
[0233] For example, in Formula 6, at least one group of
R,, to R,, may be selected from cross-linking groups rep-
resented by Formulae 5-8 to 5-10. However, embodiments
are not limited thereto.

/\
R
VA
N

[0234] In Formulae 5-8 to 5-10, * may be a binding site to
an adjacent group.

[0235] For example, the second repeating unit of Formula
6 may be represented by Formula 6-1. However, embodi-
ments are not limited thereto.

Formula 6-1

Ra6)a

[0236] In Formula 6-1,

[0237] R,,toR,,c,d, e, f, A", n5, and m2 may be defined
the same as those in Formula 6.

[0238] In certain embodiments, the second repeating unit
may be selected from units represented by the following
formulae. However, embodiments are not limited thereto.
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-continued

o5

CgH 7 Gelly7 CgHy Gl

[0239] In the above formulae, n and m may be each
independently an integer from 1 to 10.

[0240] The second repeating unit as a triphenylamine unit
having a cross-linking group may serve as a cross-linkable
unit and a charge transporting unit. Accordingly, an amino
fluorene polymer according to an embodiment including
such a second repeating unit may have an increased ratio of
charge transporting units (high charge transporting ability)
and increased cross-linking ability. Due to the inclusion of
cross-linking groups, the second repeating unit may partici-
pate in a cross-linking reaction under heating and/or active
energy ray radiation. This cross-linking reaction may enable
formation of a more durable layer that is not dissolved by a
solvent. Therefore, an organic light-emitting device using an
amino fluorene polymer according to any of the embodi-
ments including such a second repeating unit as described
above may have improved emission lifetime.

CgHy7 Gl

L
E

[0241] For example, even when forming another layer on
an amino fluorene polymer-including layer, the amino fluo-
rene polymer-including layer may be nearly not dissolved or
not dissolved at all by a solvent that is used to form a layer
thereon.

[0242] When the amino fluorene polymer is a copolymer,
the amino fluorene polymer may have any non-limited
structures. For example, the amino fluorene polymer may be
any one of a random copolymer, an alternating copolymer,
a periodic copolymer, and a block copolymer. However,
embodiments are not limited thereto.

[0243] A ratio of the second repeating unit may be from
about 1 mole percent (mole %) or greater to about 50 mole
% or less with respect to a total number of the repeating units
that form the amino fluorene polymer (for example, a total
number of first and second repeating units when the amino
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fluorene polymer includes both the first and second repeat-
ing units). If the ratio of the second repeating unit is less than
1 mole %, a layer that is insoluble in a solvent may be not
formed through cross-linking reaction. If the ratio of the
second repeating unit exceeds 50 mole %, an organic
light-emitting device including the amino fluorene polymer
may not have satisfactory lifetime improvement.

[0244] For example, the ratio of the second repeating unit
may be from 5 mole % or greater to about 15 mole % or less,
and in some embodiments, about 10 mole %, with respect to
a total number of the repeating units of the amino fluorene
polymer. However, embodiments are not limited thereto.
[0245] In certain embodiments, a total amount of the first
and second repeating units may be about 100 mole %. In
certain embodiments, the amino fluorene polymer may be a
random copolymer represented by Formula 9. However,
embodiments are not limited thereto.

Formula 9

/
X

(Ra7)e

7N Ry

Rag)r——

ui/

Ry

[0246] InFormula9,R;toR,,F, F',A nl, n2, and ml may
be defined the same as those of Formula 1;

[0247] R,,toR,,, c,d, e f, A", n5, and m2 may be defined
the same as those of Formula 6;

[0248] q may be an integer from 5 to 300; and
[0249] r may be an integer from 1 to 300.
[0250] The amino fluorene polymer represented by For-

mula 9 may have sufficient durability (i.e., may be insoluble)
in solvent as a result of the cross-linking. Accordingly, even
when another layer is formed on an amino fluorene polymer-
including layer, the amino fluorene polymer-including layer
may be nearly not dissolved or not dissolved at all by a
solvent used to form the layer on the amino fluorene
polymer-including layer.

[0251] A ratio of each of the first and second repeating
units may be adjusted by changing a ratio of monomers used
in polymerization to form the amino fluorene polymer. A
ratio of each of the first and second repeating units with
respect to a total amount of the repeating units may be
measured by nuclear magnetic resonance (NMR).

Mar. 2, 2017

[0252] For example, the amino fluorene polymer may be
formed by polymerization of monomers represented by
Formula 1." However, embodiments are not limited thereto.

Formula 1’
Ry Rs
Ry (F)u
|
)
ml
R4

[0253] In Formula 1', R, to R,, F, F', A, nl, n2, and ml
may be defined the same as those of Formula 1.

[0254] The monomers for the amino fluorene polymer
may be synthesized using any known synthesis method, and
structures of the monomers may also be identified using
NMR and liquid chromatography-mass spectroscopy (LC-
MS).

[0255] Methods of polymerization for the amino fluorene
polymer are not particularly limited. For example, any
known methods, including radical polymerization, anionic
polymerization, and cationic polymerization, may be used.
For example, the amino fluorene polymer may be obtained
by radical polymerization. However, embodiments are not
limited thereto.

[0256] A solvent used in polymerization for the amino
fluorene polymer may be selected, for example, from tolu-
ene, xylene, diethyl ether, chloroform, ethyl acetate, meth-
ylene chloride, tetrahydrofuran, acetone, acetonitrile, N,
N-dimethylformamide, dimethyl sulfoxide, anisole, and
hexamethylphosphorus triamide. In certain embodiments,
the solvent may be selected from toluene and tetrahydro-
furan. These solvents may be used either alone or in com-
bination of at least two solvents. Monomers used in polym-
erization for an amino fluorene polymer according to any of
the embodiments may have high solubility in the above-
described solvents.

[0257] The concentration of a monomer (for example, a
total concentration of monomers) in the solvent may be from
about 5 percent by weight (wt %) to about 90 wt %, and in
some embodiments, from about 10 wt % to about 80 wt %.
However, embodiments are not limited thereto.

[0258] The polymerization temperature may be from
about 40° C. to 150° C. in view of molecular weight control.
However, embodiments are not limited thereto.

[0259] The polymerization reaction may be performed
from about 30 minutes to about 24 hours. However, embodi-
ments are not limited thereto.

[0260] The solvent including the monomer may be deaer-
ated before addition of a polymerization initiator. For
example, the deacration may be freeze deaeration or deacra-
tion using an inert gas such as nitrogen gas. However,
embodiments are not limited thereto.

[0261] The polymerization initiator may be any of widely
used polymerization initiators. For example, the polymer-
ization initiator may be selected from benzophenone, ben-
zoyl peroxide, acetyl peroxide, lauroyl peroxide, and azo-
bisisobutyronitrile. However, embodiments are not limited
thereto. The amount of the polymerization initiator used to
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prepare an amino fluorene polymer according to any of the
above-described embodiments may be, for example, from
about 0.0001 moles to about 1 mole based on 1 mole of the
total monomers. However, embodiments are not limited
thereto.

[0262] A main chain terminal of an amino fluorene poly-
mer according to any of the embodiments may be appropri-
ately defined depending on the types of monomers. For
example, the main chain terminal of the amino fluorene
polymer may be a hydrogen atom. However, embodiments
are not limited thereto.

[0263] A synthesis method of an amino fluorene polymer
according to any of the embodiments may be understood by
one of ordinary skill in the art with reference to the follow-
ing synthesis examples.

[0264] Organic Light-Emitting Device

[0265] An organic light-emitting device according to an
embodiment will be described in greater detail with refer-
ence to FIG. 1. FIG. 1 is a cross-sectional view of an organic
light-emitting device 100 according to an embodiment.
[0266] Referring to FIG. 1, the organic light-emitting
device 100 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
which are sequentially stacked in the stated order. However,
the organic light-emitting device 100 may have a structure
not limited thereto.

[0267] The organic light-emitting device 100 may have,
for example, a structure of first electrode/single layer with
hole injection and hole transport functions/emission layer/
electron transport layer/second electrode or first electrode/
single layer with hole injection and hole transport functions/
emission layer/electron transport layer/electron injection
layer/second electrode.

[0268] An amino fluorene polymer according to any of the
embodiments may be included in at least one organic layer
between the first electrode 120 and the second electrode 180.
For example, the amino fluorene polymer may be included
in the hole transport layer 140 in terms of improved lifespan
and high efficiency.

[0269] The amino fluorene polymer may be appropriate
for an organic light-emitting device manufactured using a
liquid coating method.

[0270] The organic layer including the amino fluorene
polymer may be formed using a liquid coating method. For
example, the organic layer including the amino fluorene
polymer may be formed using a liquid coating method such
as spin coating, casting, micro gravure coating, gravure
coating, bar coating, roll coating, wire bar coating, dip
coating, spry coating, screen printing, flexographic printing,
offset printing, or ink jet printing. A solvent for the solution
coating method may be any solvent able to dissolve the
amino fluorene polymer.

[0271] Methods for forming the other layers except for the
organic layer including the amino fluorene polymer are not
specifically limited, and for example, may include a vacuum
deposition method or a liquid coating method.

[0272] The substrate 110 may be any substrate used in
general organic light-emitting devices. For example, the
substrate 110 may be a glass substrate, a semiconductor
substrate, or a plastic substrate.

[0273] The first electrode 120 may be, for example, an
anode. The first electrode 120 may be formed on the
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substrate 110 by, for example, deposition or sputtering. For
example, the first electrode 120 may be formed of a metal,
an alloy, or a conductive compound that have high work
function. For example, the first electrode 120 may be formed
as a transmissive electrode using a transparent, high-con-
ductivity material, such as indium tin oxide (In,O;—SnO,;
ITO), indium zinc oxide (In,O;—Zn0; 1Z0), tin oxide
(SnO,), or zinc oxide (ZnO). For example, the first electrode
120 may be formed of a reflective electrode using, for
example, magnesium (Mg), aluminum (Al), or the like.

[0274] The hole injection layer 130 may be formed on the
first electrode 120. The hole injection layer 130 may facili-
tate injection of holes from the first electrode 120. The hole
injection layer 130 may have a thickness of about 10
nanometers (nm) to about 1,000 nm, and in some embodi-
ments, about 10 nm to about 100 nm.

[0275] The hole injection layer 130 may be formed of a
known material, for example, triphenylamine-containing
poly(ether ketone) (TPAPEK), 4-isopropyl-4'-methyldiphe-
nyliodonium tetrakis (pentafluorophenyl) borate (PPBI),
N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phe-
nyl]-biphenyl-4,4'-diamine (DNTPD), phthalocyanine com-
pounds, such as copper phthalocyanine, 4,4',4"-tris(3-meth-
ylphenyl phenyl amino) triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB), 4,4
4"-tris{N,N-diphenyl amino }triphenylamine (TDATA), 4,4',
4"-tris(N,N-2-naphthylphenylamino) triphenylamine
(2-TNATA), polyaniline/dodecylbenzenesulfonic  acid
(PANI/DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-
styrenesulfonate) (PEDOT/PSS), polyaniline/camphor sul-
fonic acid (PANI/CSA), polyaniline)/poly(4-styrene sul-
fonate) (PANI/PSS), or the like.

[0276] The hole transport layer 140 may be formed on the
hole injection layer 130. The hole transport layer 140 may
include a hole transporting material with the ability to form
holes. The hole transport layer 140 may have a thickness of
about 10 nm to about 150 nm.

[0277] The hole transport layer 140 may be formed of an
amino fluorene polymer according to any of the embodi-
ments by a liquid coating method. The amino fluorene
polymer that may improve lifetime of the organic light-
emitting device 100 may be efficiently coated over a large
area by liquid coating method.

[0278] The hole transport layer 140 may be formed of, in
addition to an amino fluorene polymer as described above,
a known material, for example, 1,1-bis[(di-4-tolylamino)
phenyl] cyclohexane (TAPC), a carbazole derivative such as
N-phenylcarbazole or polyvinyl carbazole, N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4.4'4"-tris(N-carbazolyl)triphenylamine (TCTA),
N,N'-bis(naphthalen-2-y1)-N,N'-bis(phenyl)-benzidine
(NPB), N,N'-bis(naphthalene-1-y1)-N,N'-bis(phenyl)-benzi-
dine, or the like.

[0279] The emission layer 150 may be formed on the hole
transport layer 140. The emission layer 150 may be a
phosphorescent or fluorescent emission layer. The emission
layer 150 may be formed on the hole transport layer 140 by
a vacuum deposition method, a spin coating method, or an
ink jet method. The emission layer 150 may have a thickness
of, for example, about 10 nm to about 60 nm.

[0280] The emission layer 150 may include a known
luminescent material. For example, the emission layer 150
may include a luminescent material that may emit light
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(phosphorescence) from triplet excitons. This may further
improved emission lifetime of the organic light-emitting
device 100.

[0281] In certain embodiments, the emission layer 150
may include another host material, for example, 1,3-bis
(carbazole)benzene (mCP), tris(8-quinolinolinato)alumi-
num (Alq,), 4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-
vinylcarbazole) (PVK), poly(n-vinyl carbazole), 9,10-di
(naphthalene-2-yl)anthracene (AND), 9,10-di(naphthalene-
2-yl)anthracene, TCTA, 1,3,5-tris(N-phenylbenzimidazole-
2-yl)benzene (TPBI), 1,3,5-tris(N-phenylbenzimidazole-2-
yl)benzene), 3-tert-butyl-9,10-di(naphth-2-y1) anthracene
(TBADN), distyrylarylene (DSA), 4,4'-bis(9-carbazole)-2,
2'-dimethylbiphenyl (dmCBP), 2,4,6-tris(diphenylamino)-1,
3,5-triazine, or the like.

[0282] The emission layer 150 may be an emission layer
emitting light of a specific color. For example, the emission
layer 150 may be formed as a red emission layer, a green
emission layer, and/or a blue emission layer.

[0283] When the emission layer 150 is a blue emission
layer, the emission layer 150 may include a known blue
dopant, for example, perilene, a derivative thereof, or an
iridium (Ir) complex, such as bis[2-(4.6-difluorophenyl)
pyridinato]picolinate iridium(IIT) (Flrpic).

[0284] When the emission layer 150 is a red emission
layer, the emission layer 150 may include a known red
dopant, for example, rubrene, a derivative thereof, 4-(dicya-
nomethylene)-2-methyl-6-[ p-(dimethylamino )styryl]-4H-
pyran (DCM), an iridium complex, such as bis(1-phenyliso-
quinoline)(acetylacetonate)iridium(IIl) (Ir(piq),(acac)), an
osmium (Os) complex, a platinum complex, or the like.

[0285] When the emission layer 150 is a green emission
layer, the emission layer 150 may include a known green
dopant, for example, coumarin, a derivative thereof, an
iridium complex, such as tris(2-phenylpyridine) iridium(I1I)
(Ir(ppy);), tris(2-(3-p-xylyl)phenyl)pyridine iridium (I1I)
(TEG), tris(acetylacetonato)iridium (III) (Ir(acac),), or the
like.

[0286] The electron transport layer 160 may be formed on
the emission layer 150. The electron transport layer 160 may
be a layer including an electron transporting material. The
electron transport layer 160 may be formed on the emission
layer 150 by a vacuum deposition method, a spin coating
method, or an inkjet method. The electron transport layer
160 may have a thickness of about 15 nm to about 50 nm.

[0287] The electron transport layer 160 may be formed of
a known electron transport material, for example, tris(8-
quinolinato)aluminum (Algs) and a compound having an
nitrogen-containing aromatic ring. Examples of the nitro-
gen-containing aromatic ring are a pyridine ring-containing
compound such as 1,3,5-tri[(3-pyridyl)-phen-3-yl|benzene,
a triazine ring-containing compound such as 2,4,6-tris(3'-
(pyridin-3-yl)biphenyl-3-y1)-1,3,5-triazine, and an imida-
zole ring-containing compound such as 2-(4-(N-phenylben-
zoimidazolyl-1-yl-phenyl)-9,10-dinaphthylanthracene. A
material for the electron transport layer 160 may be a
commercially available product or may be prepared by a
synthetic method. Examples of the commercially available
product as a material for the electron transport layer 180 are
KLET-01, KLET-02, KLET-03, KLET-10, KLET-MI (avail-
able from Chemipro Kasei). These materials for the electron
transport layer 160 may be used alone or in a combination
of at least two thereof.
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[0288] The electron injection layer 170 may be formed on
the electron transport layer 160. The electron injection layer
170 may facilitate injection of electrons from the second
electrode 180. The electron injection layer 170 may be
formed on the electron transport layer 160 by a vacuum
deposition method. For example, the electron injection layer
170 may have a thickness of about 0.3 nm to about 9 nm.

[0289] The electron injection layer 170 may be formed of
a known electron injection material, for example, (8-quino-
linato)lithium (Liq), lithium fluoride (LiF), sodium chloride
(NaCl), cesium fluoride (CsF), lithium oxide (Li,0), barium
oxide (BaO), or the like.

[0290] The second electrode 180 may be formed on the
electron injection layer 170. The second electrode 180 may
be, for example, a cathode. The second electrode 180 may be
formed of a metal, an alloy, or a conductive compound that
have a low work function. For example, the second electrode
180 may be formed as a reflective electrolyte from a metal
such as lithium (Li), magnesium (Mg), aluminum (Al), or
calcium (Ca), or an alloy such as an aluminum-lithium
(Al—Li) alloy, a magnesium-indium (Mg—In) alloy, or a
magnesium-silver (Mg—Ag) alloy. In some embodiments,
the second electrode 180 may be formed as a transmissive
electrode having a thickness of about 20 nm or less, for
example, from indium tin oxide (ITO), indium zinc oxide
(1Z0), or the like.

[0291] The organic light-emitting device 100 may be of a
top-emission or rear-emission type.

[0292] Exemplary embodiments of the structure of the
organic light-emitting device 100 are described above. How-
ever, embodiments are not limited to the above-described
structures of the organic light-emitting device 100.

[0293] The organic light-emitting device 100 as an
embodiment of the present disclosure may have any of
known various structures. For example, the organic light-
emitting device 100 may have a structure without at least
one of the hole injection layer 130, the hole transport layer
140, the electron transport layer 160, and the electron
injection layer 170. Each of these layers of the organic
light-emitting device 100 may be formed as a single layer or
multiple layers.

[0294] For example, the organic light-emitting device 100
may further include a hole blocking layer (not shown)
disposed between the hole transport layer 140 and the
emission layer 150 to prevent diffusion of triplet excitons or
holes into the electron transport layer 160. For example, the
hole blocking layer may be formed of an oxadiazole derived,
atriazole derivative, a phenanthroline derivative, or the like.

[0295] As used herein, a C,-C,, alkyl group refers to a
linear or branched saturated aliphatic hydrocarbon monova-
lent group having 1 to 20 carbon atoms. Non-limiting
examples of the C,-C,, alkyl group are a methyl group, an
ethyl group, a propyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a pentyl group, an iso-amyl group,
and a hexyl group. A C,-C,, alkylene group refers to a
divalent group having the same structure as the C,-C,, alkyl
group.

[0296] As used herein, a C,-C,, alkoxy group refers to a
monovalent group represented by —OA,,, (where A, isa
C,-C,, alkyl group, as described above. Non-limiting
examples of the C,-C,, alkoxy group are a methoxy group,
an ethoxy group, and an isopropyloxy group.
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[0297] As used herein, a C,-C,, oxyalkylene group refers
to a C;-C,, alkylene group of which carbon atoms are
partially substituted by oxygen.

[0298] As used herein, a C5-C, ; cycloalkyl group refers to
a monovalent, monocyclic hydrocarbon group having 3 to
16 carbon atoms as ring-forming atoms. Non-limiting
examples of the C;-C cycloalkyl group are a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, and a cycloheptyl group. A C;-C,¢ cycloalkylene
group refers to a divalent group having the same structure as
the C;-C, 4 cycloalkyl group.

[0299] As used herein, a C5-C, ¢ cycloalkoxy group refers
to a monovalent group represented by the formula of
—O0A,,, (wherein A, is a C5-C,4 cycloalkyl group as
described above). Non-limiting examples of the C,-C,,
cycloalkoxy group are a cyclopropoxy group, a cyclobutoxy
group, and a cyclopentoxy group.

[0300] As used herein, a C,-C, 4 oxycycloalkylene group
refers to a C;-C,4 cycloalkylene group of which some
carbon atoms are replaced by oxygen atoms.

[0301] As used herein, a C4-C,, aryl group refers to a
monovalent, aromatic carbocyclic group having 6 to 30
carbon atoms as ring-forming atoms, and a C-C,, arylene
group refers to a divalent, aromatic carbocyclic group hav-
ing 6 to 30 carbon atoms. Non-limiting examples of the
Cs-Cs, aryl group are a phenyl group, a naphthyl group, an
anthracenyl group, a phenanthrenyl group, a pyrenyl group,
and a chrysenyl group. When a C4-Cs aryl group and a
Cs-Csq arylene group include at least two rings, the rings
may be fused to each other.

[0302] As used herein, a C-C, aryloxy group refer to a
group represented by —OA, ,; (wherein A, is a C4-Cyy
aryl group as described above).

[0303] As used herein, a C4-C;, oxyarylene group refers
to a C4-Cy, arylene group of which some carbon atoms are
replaced by oxygens.

[0304] As used herein, a C5-C,,, heteroaryl group refers to
a monovalent, aromatic heterocyclic group having 5 to 30
carbon atoms and at least one hetero atom selected from N,
O, Si, P, and S as ring-forming atoms. A Cs-C,, het-
eroarylene group refers to a divalent, aromatic heterocarbo-
cyclic group having 5 to 30 carbon atoms and at least one
hetero atom selected from N, O, Si, P, and S as ring-forming
atoms. Non-limiting examples of the C;-C,, heteroaryl
group are a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quino-
linyl group, and an isoquinolinyl group. When a C5-Cy,
heteroaryl and a C,-C,, heteroarylene include at least two
rings, the rings may be fused to each other.

[0305] As used herein, a C,-C,, aralkyl group refers to a
monovalent hydrocarbon group including alkyl groups with
aryl groups as substituents, wherein a total number of carbon
atoms of the alkyl groups and the aryl groups is 7 to 40.
Non-limiting examples of the C,-C,, aralkyl group are a
benzyl group, a phenylethyl group, a methylbenzyl group,
and a naphthylmethyl group.

[0306] At least one of substituent(s) of the substituted
groups defined above may be selected from:

[0307] deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
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thereof, a phosphoric acid group or a salt thereof, a C,-Cq,
alkyl group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group,
and a C,-C, alkoxy group;

[0308] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-Cg, alkynyl group, and a C,-C,, 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 C;-C,, cycloalkyl group, a
C,-C,o heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C,;-Cg, aryl
group, a C,-C, aryloxy group, a C,-C, arylthio group, a
C,-Cg arylalkyl group, a C,-Cg, heteroaryl group, a C,-Cq,
heteroaryloxy group, a C,-Cg, heteroarylthio group, a
Cy-Cgo heteroarylalkyl group, —N(Qy;)(Q,,), —Si(Q;3)
Q1)Q15), and —B(Q,6)(Q17):

[0309] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,4-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a C,-Cg,
aryloxy group, a C4-Cy, arylthio group, a C,-Cy, arylalkyl
group, a C,-Cg, heteroaryl group, a C,-Cg, heteroaryloxy
group, a C;-Cg, heteroarylthio group, and a C,-Cg, het-
eroarylalkyl group;

[0310] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cg, aryl group, a C4-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-Cq, arylalkyl
group, a C,-Cg, heteroaryl group, a C,-C, heteroaryloxy
group, a C,-C,, heteroarylthio group, and a C,-Cg, het-
eroarylalkyl 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,-Cq, alkyl group, a C,-Cg, alkenyl group. a C,-Cy,
alkynyl group, a C,-Cg, alkoxy group, a C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C,-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-Cg, aryloxy group, a Cy4-Cy, arylthio group,
a C,-Cy, arylalkyl group, a C,-Cg, heteroaryl group, a
C,-C, heteroaryloxy group, a C,-Cg, heteroarylthio group,
a C,-Cg, heteroarylalkyl group, —N(Q,;)(Qs,), —Si(Q,3)
(Q24)(Qs5), and —B(Q,6)(Q,); and

[0311] —N(Q;1)(Q30), —Si(Qa3)(Q34)(Qs5), and
—B(Q30)(Qs5), and

[0312] Q, t0 Q,, Qy, 10 Qy, Q5 t0 Qsy, and Qs 10 Qs
may each independently be selected from hydrogen, a
C,-Cq alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-Cg, alkoxy group, a C5-C,, cycloalkyl
group, a C,-C |, heterocycloalkyl group, a C;-C |, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-C, aryloxy group, a C,-Cy, arylthio group,
a C;-Cq, arylalkyl group, a C,-Cg, heteroaryl group, a
C,-C¢, heteroaryloxy group, and a C,-C, heteroarylthio
group.

[0313] When a group containing a specified number of
carbon atoms is substituted with any of the groups listed in
the preceding paragraphs, the number of carbon atoms in the
resulting “substituted” group is defined as the sum of the
carbon atoms contained in the original (unsubstituted) group
and the carbon atoms (if any) contained in the substituent.
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For example, when the term “substituted C,-Cg, alkyl”
refers to a C,-Cy, alkyl group substituted with C,-Cy, aryl
group, the total number of carbon atoms in the resulting aryl
substituted alkyl group is C,-C, 5.

[0314] As used herein, “a halogen atom” may be selected
from a fluorine atom, a chlorine atom, a bromine atom, and
an iodine atom.

[0315] One or more embodiments of amino fluorene poly-
mers and organic light-emitting devices according to the
present disclosure will now be described in detail with
reference to the following examples. However, these
examples are only for illustrative purposes and are not
intended to limit the scope of the one or more embodiments
of the present disclosure. In the following synthesis
examples, the expression that ““B’, instead of ‘A’, was used”
means that the amounts of ‘A’ and ‘B’ were the same in
equivalent amounts.

EXAMPLES

[0316] In the following synthesis examples, analysis was
performed according to the following methods.
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[0317] (1) Measurement of Number Average Molecular
Weight, Weight Average Molecular Weight, and Polydisper-
sity Index (PDI)

[0318] Number average molecular weight (Mn), weight
average molecular weight (Mw) and polydispersity index
(PDI, Mw/Mn) were measured by gel permeation chroma-
tography (GPC) using polystyrene as a standard sample
under the following conditions.

[0319] Analysis system: Prominence (available from Shi-
madzu)
[0320] Column: PLgel MIXED-B (available from Poly-

mer Laboratories)

[0321] Column temperature: 40° C.

[0322] Flow rate: 1.0 mL/min

[0323] Injection volume: 20 microliters (ul)

[0324] Solvent: Tetrahydrofuran (THF) (concentration:

about 0.05 wt %)
[0325] Detector: UV-VIS detector (SPD-10AV, available
from Shimadzu)

[0326] Standard sample: Polystyrene
Synthesis Example 1
Synthesis of Compound 100
[0327] 1) Synthesis of Monomer A
[0328] Monomer A was synthesized according to the fol-

lowing Reaction Scheme A.

Reaction Scheme A

HO
CeHy7  CgHyr CgHyr  CgHys
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CsHyz  CgHyr
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-continued
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[0329] 50.00 grams (g) (91.17 millimoles, mmol) of 2,7-
dibromo-9,9-dioctylfluorene was placed into a 2 liter (L),
3-necked flask, followed by purging the interior of the flask
with argon (Ar). After adding 750 milliliters (mL) of tetra-
hydrofuran into the flask, the flask was cooled down in an
acetone/dry ice bath to about -75° C., and the resulting
mixture was stirred for about 15 minutes. 36.12 mL (95.72
mmol) of a 1.6 molar (M) solution of n-butyl lithium in
hexane was dropwise added into the flask, the mixture was
stirred for about 1 hour. 20.58 mL (109.40 mmol) of
triisopropyl borate was added into the flask, and the mixture
was stirred at room temperature for about 3 hours. Upon
completion of the reaction, water was added to the reaction
mixture, followed by extraction with ethyl acetate to obtain
an organic phase, and the resulting organic phase was
concentrated to obtain a solid. This solid was recrystallized

CeHy7 CgHyy

A

CeHyz CeHyy

using chloroform and hexane, thereby obtaining Compound
1.

[0330] Next, 15.00 g (29.22 mmol) of Compound 1, 6.56
g (32.14 mmol) of iodobenzene, 1.01 g (0.88 mmol) of
tetrakis(triphenylphosphine)palladium (0), and 24.77 g
(233.75 mmol) of sodium carbonate were placed into a
500-mL, 3-necked flask, followed by purging the interior of
the flask with argon. 15 mL of ethanol, 100 mL of water, and
116 mL of toluene were placed into the flask, and the
mixture was stirred at about 85° C. for about 3 hours. Upon
completion of the reaction, the reaction mixture was cooled
to room temperature, and the impurities were removed by
filtration using a Celite (Registered trademark). Water was
then added to the resulting filtrate, followed by extraction
with toluene to obtain an organic phase, and the organic
phase was concentrated. The resulting concentrate was puri-
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fied by column chromatography, thereby obtaining Com-
pound 2.

[0331] 15.00 g (27.49 mmol) of Compound 2, 7.68 g
(30.24 mmol) of pinacol diborane, 0.34 g (0.41 mmol) of a
1,1'-bis(diphenylphosphino)ferrocene-palladium(II) dichlo-
ride dichloromethane complex (Pd(dppf)Cl,.CH,Cl,), and
8.09 g (82.47 mmol) of potassium acetate were placed into
a 300-mL, 3-necked flask, followed by purging the interior
of the flask with argon. 110 mL of anhydrous 1,4-dioxane
was added into the flask, and the resulting mixture was
stirred at about 100° C. for about 1 hour. Upon completion
of the reaction, the reaction mixture was cooled to room
temperature, and the impurities were removed by filtration
using a Celite. 10 g of activated carbon was added into the
resulting filtrate, followed by stirring at about 100° C. for
about 1 hour and removing the activated carbon using a
Celite. The resulting filtrate was concentrated to obtain a
solid. This solid was then washed at room temperature with
25 mL of acetonitrile, thereby obtaining Compound 3.

[0332] 3.90 g (6.59 mmol) of Compound 3, 6.00 g (6.59
mmol) of N,N-bis(4-bromophenyl)-N,N-bis(4-methylphe-
nyl)-9,9-dioctyl-9H-fluorene-2,7-diamine, and 0.23 g (0.33
mmol) of bis(triphenylphosphine)palladium(II) dichloride
were placed into a 500-mL, 3-necked flask, followed by
purging the interior of the flask with argon. 3.88 g (26.35
mmol) of tetraethyl ammonium hydroxide and 300 mL of
anhydrous toluene were placed into the flask, and the
resulting mixture was stirred at about 100° C. for about 3
hours. Upon completion of the reaction, the reaction mixture
was cooled to room temperature, and the impurities were
removed by filtration using a Celite. Water was then added
to the resulting filtrate, followed by extraction with toluene
to obtain an organic phase, and the organic phase was
concentrated. The resulting concentrate was purified by
column chromatography, thereby obtaining a light-green
solid. This solid was recrystallized using tetrahydrofuran
and methanol, thereby obtaining Compound 4.

[0333] 4.00 g (3.08 mmol) of Compound 4, 1.65 g (3.02
mmol) of 9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxa-
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borolan-2-y1)-9H-fluorene-2-carboxaldehyde, 0.035 g (0.15
mmol) of palladium (II) acetate, and 0.22 g (0.62 mmol) of
tris(2-methoxyphenyl)phosphine were placed into a 50-mL,
3-necked flask, followed by purging the interior of the flask
with argon. 1.82 g (2.40 mmol) of tetraecthyl ammonium
hydroxide and 10 mL of anhydrous toluene were placed into
the flask, and the resulting mixture was stirred at about 100°
C. for about 4 hours. Upon completion of the reaction, the
reaction mixture was cooled to room temperature, and the
impurities were removed by filtration using a Celite. Water
was then added to the resulting filtrate, followed by extrac-
tion with toluene to obtain an organic phase, and the organic
phase was concentrated. The resulting concentrate was puri-
fied by column chromatography, thereby obtaining Com-
pound 5.

[0334] 3.80 g (2.32 mmol) of Compound 5 and 1.31 g
(3.26 mmol) of methyltriphenylphosphonium iodide were
placed into a 50-mL, 3-necked flask, followed by purging
the interior of the flask with argon. After adding 26 mL of
tetrahydrofuran into the flask, the flask was cooled down on
an ice bath to about 0° C., 0.34 g (3.01 mmol) of potassium
tert-butoxide was added thereto, and the resulting mixture
was stirred. Upon completion of the reaction, water was
added to the reaction mixture, followed by extraction with
toluene to obtain an organic phase, and the resulting organic
phase was concentrated. The resulting concentrate was puri-
fied by column chromatography to obtain a light-yellow
solid. This solid was dissolved in tetrahydrofuran and then
re-precipitated with methanol, thereby obtaining monomer
A

[0335] The monomer A was identified by proton nuclear
magnetic resonance (H'-NMR).

[0336] 'H-NMR (300 MHz, CDCL): & 7.77-7.36 (m,
23H), 7.10-6.90 (m, 16H), 6.81 (dd, J=17.4 Hz, 10.8 Hz,
1H), 5.80 (d, J=17.4 Hz, 1H), 5.26 (d, J=11.4 Hz, 1H), 2.35
(s, 6H), 2.06-1.96 (m, 8H), 1.83-1.77 (m, 2H), 1.53-1.06 (m,
GOI1), 0.88-0.71 (m, 30H).

[0337] 2) Synthesis of Monomer B

[0338] Monomer B was synthesized according to the
following Reaction Scheme B.

Reaction Scheme B

6
CH;
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-continued
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[0339] 10.00 g (19.03 mmol) of Compound 6, 580 g
(22.83 mmol) of pinacol diborane, 0.56 g (0.68 mmol) of
Pd(dppf)CL,.CH,Cl,, and 5.60 g (57.09 mmol) of potassium
acetate were placed into a 3-mL, 3-necked flask, followed by
purging the interior of the flask with argon. 100 mL of
anhydrous 1,4-dioxane was placed into the flask, and the

resulting mixture was stirred at about 100° C. for about 1
hour. Upon completion of the reaction, the reaction mixture
was cooled to room temperature, and the impurities were
removed by filtration using a Celite. 10 g of activated carbon
was placed into the resulting filtrate, followed by stirring at
about 100° C. for about 1 hour and removing the activated
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carbon using a Celite. The resulting filtrate was concentrated
to obtain a solid. This solid was then washed at room
temperature with 25 mL of acetonitrile, thereby obtaining
Compound 7.

[0340] 0.95 g (1.66 mmol) of Compound 7, 1.51 g (1.66
mmol) of N,N-bis(4-bromophenyl)-N,N-bis(4-methylphe-
nyl)-9,9-dioctyl-9H-fluorene-2,7-diamine, and 0.06 g (0.09
mmol) of bis(triphenylphosphine)palladium(Il) dichloride
were placed into a 100-mL, 3-necked flask, followed by
purging the interior of the flask with argon. 2.44 g (16.59
mmol) of tetraethyl ammonium hydroxide and 47 mL of
anhydrous toluene were placed into the flask, and the
resulting mixture was stirred at about 100° C. for about 3
hours. Upon completion of the reaction, the reaction mixture
was cooled to room temperature, and the impurities were
removed by filtration using a Celite. Water was then added
to the resulting filtrate, followed by extraction with toluene
to obtain an organic phase, and the organic phase was
concentrated. The resulting concentrate was purified by
column chromatography, thereby obtaining a light-green
solid. This solid was recrystallized using tetrahydrofuran
and methanol, thereby obtaining Compound 8.

[0341] 1.0 g (0.60 mmol) of Compound 8, 0.33 g (0.60
mmol) of 9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-y1)-9H-fluorene-2-carboxaldehyde, 0.007 g (0.03
mmol) of palladium (IT) acetate, and 0.04 g (0.20 mmol) of
tris(2-methoxyphenyl)phosphine were placed into a 50-mlL,
3-necked flask, followed by purging the interior of the flask
with argon. 0.35 g (2.40 mmol) of tetraethyl ammonium
hydroxide and 10 mL of anhydrous toluene were placed into
the flask, and the resulting mixture was stirred at about 100°
C. for about 4 hours. Upon completion of the reaction, the

2

CeHy7 GoHyy

Cn
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reaction mixture was cooled to room temperature, and the
impurities were removed by filtration using a Celite. Water
was then added to the resulting filtrate, followed by extrac-
tion with toluene to obtain an organic phase, and the organic
phase was concentrated. The resulting concentrate was puri-
fied by column chromatography, thereby obtaining Com-
pound 9.

[0342] 0.73 g (0.45 mmol) of Compound 9 and 0.25 g
(0.63 mmol) of methyltriphenylphosphonium iodide were
placed into a 100-mL, 3-necked flask, followed by purging
the interior of the flask with argon. After adding 50 mL of
tetrahydrofuran into the flask, the flask was cooled down on
an ice bath to about 0° C., 0.06 g (0.59 mmol) of potassium
tert-butoxide was added thereto, and the resulting mixture
was stirred. Upon completion of the reaction, water was
added to the reaction mixture, followed by extraction with
toluene to obtain an organic phase, and the resulting organic
phase was concentrated. The resulting concentrate was puri-
fied by column chromatography to obtain a light-yellow
solid. This solid was dissolved in tetrahydrofuran and then
re-precipitated with methanol, thereby obtaining monomer
B.

[0343] The monomer B was identified by H'-NMR.
[0344] 'H-NMR (300 MHz, CDCL,): & 7.81-6.90 (m,
46H), 6.81 (dd, I=17.4 Hz, 10.8 Hz, 1H), 5.80 (d, J=17.4 Hz,
1H), 5.26 (d, J=11.4 Hz, 1H), 3.09 (s, 8H), 2.35 (s, 6H),
2.01-1.96 (m, 4H), 1.80-1.75 (m, 4H), 1.25-1.05 (m, 42H),
0.87-0.69 (m, 12H).

[0345] 3) Synthesis of Compound 100

[0346] Compound 100 having a structure represented by
the following formula was synthesized using the monomer
A and monomer B synthesized as described above.

o
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[0347] 1,000 milligrams (mg) of the monomer A, 105.0
mg of the monomer B, 2.0 mg of azobisisobutyronitrile, and
2.8 mL of toluene were placed into a Schlenk flask, followed
by bubbling, freeze degassing, and heating with stirring at
about 80° C. for about 6.5 hours. The reaction mixture was
cooled to room temperature, followed by re-precipitation
seven times with tetrahydrofuran as a good solvent and
methanol and acetone as bad solvents. The resulting pre-
cipitate was vacuum-dried, thereby obtaining 0.85 g of
Compound 100 (having a ratio (Aa:Bb) of subunits Aa from
the monomer A to subunits Bb from the monomer B of
90:10) as a random copolymer of the monomer A and
monomer B. Compound 100 had a number average molecu-
lar weight (Mn) of about 35,800 Daltons (Da), a weight
average molecular weight (Mw) of about 74,600 Da, and a
polydispersity index (Mw/Mn) of about 2.08.

Synthesis Example 2

Synthesis of Compound 101

[0348]

[0349] Monomer C was synthesized according to the
following Reaction Scheme C.

1) Synthesis of Monomer C

Reaction Scheme C

CgH7 CgHyy

CsHy7 Csly7
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-continued

Compound 10 was synthesized in the same manner as in the
synthesis of Compound 9, except that Compound 7, instead
of Compound 8, was used. Monomer C was synthesized in
the same manner as in the synthesis of monomer B, except
that Compound 10, instead of Compound 9, was used.
[0350] The monomer C was identified by H'-NMR.
[0351] ‘H-NMR (300 MHz, CDCl,): & 7.84 (d, I=7.8,
2H), 7.71-7.50 (m, 10H), 7.44-7.20 (m, 9H), 6.70-6.93 (m,
2H), 6.81 (dd, J=17.4 Hz, 10.8 Hz, 1H), 5.80 (d, J=18.0 Hz,
1H), 5.24 (d, J=11.4 Hz, 1H), 3.09 (s, 8H), 2.00-1.95 (m,
4H), 1.21-1.05 (m, 20H), 0.82-0.66 (m, 10H).

[0352] 2) Synthesis of Compound 101

[0353] Compound 101 having a structure represented by
the following formula, as a random copolymer of the mono-
mer A and the monomer C, was synthesized in the same
manner as in the synthesis of Compound 100, except that the
monomer C, instead of the monomer B, was used. Com-
pound 101 had a ratio (Aa:Cc) of subunits Aa from the
monomer A to subunits Cc from the monomer C of 90:10.
Compound 101 had a number average molecular weight
(Mn) of about 58,100 Da, a weight average molecular
weight (Mw) of about 155,500 Da, and a polydispersity
index (Mw/Mn) of about 2.67.

Compound 101

e

ROT000

CsHly7 Csly7

CsHy7 Csly7
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Synthesis Example 3

Synthesis of Compound 102

[0354] 1) Synthesis of Monomer D
[0355] Monomer D was synthesized according to the
following Reaction Scheme D.

R0~
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Reaction Scheme D
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CH,

Z

OO0

CgHy7  CgHyy

[0356] Compound 12 was synthesized in the same manner
as in the synthesis of Compound 8, except that Compound
11, instead of Compound 7, was used. Compound 13 was
synthesized in the same manner as in the synthesis of
Compound 9, except that Compound 12, instead of Com-
pound 8, was used. Monomer D was synthesized in the same
manner as in the synthesis of the monomer B, except that
Compound 13, instead of Compound 9, was used.

[0357] The monomer D was identified by H*-NMR.
[0358] 'H-NMR (300 MHz, CDCL,): § 7.74-7.63 (m, 4H),
7.56-7.48 (m, 10H), 7.41-7.28 (m, 5H), 7.19-7.09 (m, 16H),
6.81 (dd, J=17.4 Hz, 10.8 Hz, 1H), 5.80 (d, J=17.4 Hz, 1H),
5.26 (d, J=11.4 Hz, 1H), 2.35 (s, 6H), 2.01-1.96 (m, 8H),
1.82-1.77 (m, 4H), 1.30-1.13 (m, 60H), 0.88-0.67 (m, 30H).
[0359] 2) Synthesis of Monomer E

Reaction Scheme E

CH;
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-continued

[0360] Compound 15 was synthesized in the same manner
as in the synthesis of Compound 7, except that Compound
14, instead of Compound 6, was used. Compound 16 was
synthesized in the same manner as in the synthesis of
Compound 9, except that Compound 15, instead of Com-
pound 8, was used. Monomer E was synthesized in the same
manner as in the synthesis of the monomer B, except that
Compound 16, instead of Compound 9, was used.

[0361] The monomer E was identified by H'-NMR.

[0362] 'H-NMR (300 MHz, CDCL,):  7.83-7.63 (m, 2H),
7.54-7.50 (m, 4H), 7.43-7.23 (m, 7H), 7.18-7.16 (m, 2H),
6.95-6.91 (m, 4H), 6.81 (dd, J=17.4 Hz, 10.8 Hz, 1), 5.80
(d, I=18.0 Hz, 1H), 5.24 (d, J=11.4 Hz, 1H), 3.09 (s, 8H),
2.00-1.94 (m, 7H), 1.21-1.04 (m, 20H), 0.81-0.64 (m, 10H).

[0363] 3) Synthesis of Compound 102

[0364] Compound 102 having a structure represented by
the following formula as a random copolymer of the mono-
mer D and the monomer E was synthesized in the same
manner as in the synthesis of Compound 100, except that the
monomers D and E, instead of the monomers A and B, were
used. Compound 102 had a ratio (Dd:Ee) of subunits Dd
from the monomer D and subunits Ee from the monomer E
of 90:10. Compound 102 had a number average molecular
weight (Mn) of about 74,000 Da, a weight average molecu-
lar weight (Mw) of about 195,000 Da, and a polydispersity
index (Mw/Mn) of about 2.60.
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Compound 102

Synthesis Example 4

Synthesis of Compound 103

[0365] 1) Synthesis of Monomer F
[0366] Monomer F was synthesized according to the fol-
lowing Reaction Scheme F.

Reaction Scheme F

CH;

CeHy7  CgHyy CgHy7  CgHyy

17 18
CH, CH,

CgHy7 CeHyp

19
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-continued

CH;

SataTettyS

CsHyz  CsHyp

20
CHs

CsHj7  CsHyr

<

CgHyz Gslyr
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CsHy;  CgHyy

[0367] 1.66 g (2.79 mmol) of Compound 17, 0.50 g (2.53
mmol) of ditolylamine, 0.02 g (0.13 mmol) of copper (I)
iodide (Cul), 0.06 g (0.51 mmol) of cyclohexanediamine,
and 0.54 g (5.58 mmol) of sodium tert-butoxide were placed
into a 50-ml, 3-necked flask, followed by purging the
interior of the flask with argon. 5 mL of anhydrous 1,4-
dioxane was added into the flask, and the resulting mixture
was stirred at about 100° C. for about 8 hours. Upon
completion of the reaction, the reaction mixture was cooled
to room temperature, impurities were removed by filtration
using a Celite, and the resulting filtrate was concentrated.
The resulting concentrate was purified by column chroma-
tography, to thereby obtain Compound 18.

[0368] 1.0 g (1.50 mmol) of Compound 18, 0.21 g (1.96
mmol) of toluidine, 0.07 g (0.08 mmol) of tris(dibenzylide-
neacetone) dipalladium (0) (Pd,(dpa);), 0.13 g (0.23 mmol)
of 1,1-bis (diphenylphosphino)ferrocene (dppf), and 0.29 g
(3.01 mmol) of sodium tert-butoxide were placed into a
50-mL, 3-necked flask, followed by purging the interior of
the flask with argon. 2 mL of toluene was added into the
flask, and the resulting mixture was stirred at about 100° C.
for about 6 hours. Upon completion of the reaction, the
reaction mixture was cooled to room temperature, and the
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CH;

CH,

‘#@ |

CgHy7  CgHyy

F

impurities were removed by filtration using a Celite. Water
was then added to the resulting filtrate, followed by extrac-
tion with toluene to obtain an organic phase, and the organic
phase was concentrated. The resulting concentrate was puri-
fied by column chromatography, thereby obtaining Com-
pound 19.

[0369] 10.00 g (14.50 mmol) of Compound 19, 4.50 g
(1592 mmol) of 1-bromo-4-iodobenzene, 0.15 g (0.80
mmol) of copper (I) iodide, 0.33 g (2.89 mmol) of trans-1,
2-cyclohexanediamine, and 2.78 g (28.04 mmol) of sodium
tert-butoxide were placed into a 100-mL, 3-necked flask,
followed by purging the interior of the flask with argon. 14
mL of anhydrous 1,4-dioxane was added into the flask, and
the resulting mixture was stirred at about 100° C. for about
8 hours. Upon completion of the reaction, the reaction
mixture was cooled down to room temperature, impurities
were removed by filtration using a Celite, and the resulting
filtrate was concentrated. The resulting concentrate was
purified by column chromatography, thereby obtaining
Compound 20.

[0370] Compound 21 was synthesized in the same manner
as in the synthesis of Compound 9, except that Compound
20, instead of Compound 8, was used. Monomer F was
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synthesized in the same manner as in the synthesis of the
monomer B, except that Compound 21, instead of Com-
pound 9, was used.

[0371] The monomer F was identified by H'-NMR.
[0372] 'H-NMR (300 MHz, CDCL,): & 7.71-7.37 (m,
10H), 7.28-7.04 (m, 18H), 6.81 (dd, I=17.4 Hz, 10.8 Hz,
1H), 5.80 (d, J=18.0 Hz, 1H), 5.24 (d, J=11.4 Hz, 1H), 2.35
(s, 9H), 2.01-1.96 (m, 4H), 1.79-1.73 (m, 4H), 1.29-1.05 (m,
40H), 0.88-0.68 (m, 20H).

[0373] 2) Synthesis of Compound 103

[0374] Compound 103 having a structure represented by
the following formula was synthesized in the same manner
as in the synthesis of Compound 100, except that the
monomers E and F, instead of the monomers A and B, were
used. Compound 103 had a ratio (Ee:Ff) of subunits Ee from
the monomer E to subunits Ff from the monomer F of 90:10.
Compound 103 had a number average molecular weight
(Mn) of about 38,000 Da, a weight average molecular
weight (Mw) of about 93,000 Da, and a polydispersity index
(Mw/Mn) of about 2.4.

Example 1

[0375] An organic light-emitting device as illustrated in
FIG. 1 was prepared according to the following method.

[0376] PEDOT/PSS (available from Sigma-Aldrich) was
spin-coated on an ITO glass substrate with a strip type ITO
(having a thickness of about 150 nanometers, nm) anode,
and then dried to form a hole injection layer having a
thickness of about 30 nm after drying.

[0377] Next, Compound 100 (1 percent by weight (wt %),
in a xylene solution) was spin-coated on the hole injection
layer under nitrogen atmosphere, and thermally treated on a
hot plate at about 230° C. for about 1 hour to form a hole
transport layer having a thickness of about 30 nm.

[0378] Next, a 7:3 (by mass ratio) mixture of 1,3-bis(N-
carbazolyl)benzene (mCP) and 4,4'-bis(carbazole-9-yl)bi-
phenyl (CBP) as a host and tris(2-(3-p-xylyl)phenyl)pyri-
dine iridium(IIl) (TEG) as a dopant were co-deposited
thereon in a vacuum deposition device to form an emission
layer having a thickness of about 30 nm (about 10 percent
by weight of the dopant based on a total weight of the
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emission layer). TEG is a light-emitting material which
emits light (phosphorescent light) from triplet excitons.

[0379] Subsequently. the ITO glass substrate with the
emission layer formed thereon was introduced into a
vacuum deposition system, and Liq and KLET-03 were
co-deposited on the emission layer to form an electron
transport layer having a thickness of about 50 nm.

[0380] Subsequently. LiF as an electron injection material
was deposited thereon to form an electron injection layer
having a thickness of about 1 nm, and then aluminum was
deposited on the electron injection layer to form a cathode
having a thickness of about 100 nm, thereby completing the
manufacture of the organic light-emitting device.

Example 2

[0381] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 101, instead of Compound 100, was used.

Compound 103

Example 3

[0382] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 102, instead of Compound 100, was used.

Example 4

[0383] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 103, instead of Compound 100, was used.

Comparative Example 1

[0384] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound c1, instead of Compound 100, was used. Com-
pound cl represented by the following formula is a random
copolymer including no repeating unit having a fluorene
structure, wherein a mole ratio of n to m is 90:10. Compound
cl had a number average molecular weight (Mn) of about
24,000 Da and a weight average molecular weight (Mw) of
about 64,000 Da.
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Evaluation Example

[0385] Current efficiencies and lifetimes of the organic
light-emitting devices of Example 1 to 4 and Comparative
Example 1 were evaluated according to the following meth-
ods. The results are shown in Table 1. The current eflicien-
cies and lifetimes in Table 1 are relative values with respect
to those of the organic light-emitting device of Comparative
Example 1, i.e., with the assumption that the current effi-
ciency and emission lifetime of the organic light-emitting
device of Comparative Example 1 are both 100.

[0386] (1) Current Efficiency

[0387] A predetermined voltage was applied to each of the
organic light-emitting device with a direct constant-voltage
power supply (for example, a source meter available from
KEYENCE) to operate the organic light-emitting device.
The luminescence from each of the organic light-emitting
devices was measured using a luminance meter (for
example, SR-3, available from Topcon), while gradually
increasing a current applied to the organic light-emitting
device until a luminance of about 1,000 candelas per square
meter (cd/m?) at which the current was maintained constant.
A current density per unit area (amperes per square meter,
A/m?) of each of the organic light-emitting devices was
calculated, and a luminance (cd/m>) was calculated from the
current density (A/m?). A current efficiency refers to a
conversion efficiency of current into luminescence energy. A
higher current efficiency means that an organic light-emit-
ting device may have higher performance.

[0388] (2) Lifetime

[0389] The time it took for the luminance of an organic
light-emitting device to reach 80% of an initial luminance
measured with a luminance meter was evaluated as “life-
time.”

TABLE 1

Example Hole transport layer Current efficiency  Lifetime
Example 1 Compound 100 120 1,630
Example 2 Compound 101 112 540
Example 3 Compound 102 118 2,000
Example 4 Compound 103 110 910
Comparative ~ Compound ¢l 100 100
Example 1
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Compound ¢l

[0390] Referring to Table 1, the organic light-emitting
devices of Examples 1 to 4 were found to have improved
current efficiency and improved emission lifetime.
[0391] An amino fluorene polymer according to any of the
above-described embodiments may ensure efficient forma-
tion of layers by a liquid coating method. and may also
improve lifetime of an organic light-emitting device.
[0392] As described above, an organic light-emitting
device including an amino fluorene polymer according to
any of the above-described embodiments may have
improved emission lifetime and improved current efficiency.
[0393] 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.
[0394] While one or more embodiments have been
described with reference to the FIGURES, it will be under-
stood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the following claims.

What is claimed is:

1. An amino fluorene polymer comprising a first repeating
unit represented by Formula 1:

Formula 1
R R
R (B
|
Fz
ml
R4

wherein, in Formula 1,

R, to R; are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C4-C,, aryl group;

ml is an integer from 1 to 20;

F and F' are each independently selected from a substi-
tuted or unsubstituted azafluorenylene group and a
substituted or unsubstituted fluorenylene group;
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nl and n2 are each independently selected from 1 and 2;

A is a group represented by Formula 2;

R, is selected from a hydrogen atom, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, a sub-
stituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C;-C, ¢ cycloalkyl group, a sub-
stituted or unsubstituted Cg-C,, aryl group, a
substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C | ¢ cycloalkoxy group,
a substituted or unsubstituted C4-C,, aryloxy group, a
substituted or unsubstituted C.-C,, aralkyl group, a
substituted or unsubstituted C;-C,, heteroaryl group,

—Si(Q)(Q2)(Q5), and —N(Q,)(Q»);

Formula 2
Ar

— L= N—L)u—

wherein, in Formula 2,

L, and L, are each independently selected from a single
bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C,-C, , cycloalky-
lene group, a substituted or unsubstituted C;-Cs,
arylene group, a substituted or unsubstituted C,-C,,
oxyalkylene group, a substituted or unsubstituted
C,-C,; oxycycloalkylene group, a substituted or unsub-
stituted C,-C, oxyarylene group, a substituted or
unsubstituted C,-C,, aralkylene group, a substituted or
unsubstituted C5-C,, heteroarylene group, —Si(Q,)
(Qs)- and —N(Q,)-;

n3 and n4 are each independently selected from 1 and 2;

Ar, is selected from a hydrogen atom, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C;-C | cycloalkyl group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsub-
stituted C;-C,¢ cycloalkoxy group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C,-C,,, aralkyl group, a substituted or
unsubstituted Cs-C,, heteroaryl group, and —N(Q,)
Q)

wherein, Ar, optionally binds to F, F', L, or L, to form a
rng,

Q, to Q, are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C4-C;, aryl group;
and

* is a binding site to an adjacent atom.

2. The amino fluorene polymer of claim 1, wherein R, to
R; are each independently selected from a hydrogen atom, a
methyl group, an ethyl group, an n-propyl group, and an
n-butyl group.

3. The amino fluorene polymer of claim 1, wherein F and
F" are each independently a group represented by Formula 3:

Formula 3
Rs R¢
/& Yo
>
Yz/ / \?(7
R)~T TR
(R7)g V= v = Rgp

wherein, in Formula 3,
R, to Ry are each independently selected from a binding
site, a hydrogen atom, a halogen atom, a hydroxyl

42
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group, a nitro group, a cyano group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C, ; cycloalkyl group, a substituted or
unsubstituted C,-C,, aryl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsub-
stituted C;-C,, cycloalkoxy group, a substituted or
unsubstituted C4-C;, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or
unsubstituted C;-C,,, heteroaryl group, —Si(Q,)(Q.,)
(Qs), and —N@Q,)(Qy);

wherein, adjacent groups selected from R to R, are
optionally linked to one another to form a ring;

two groups selected from R to Ry are binding sites to
adjacent atoms;

Q, to Q; are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C¢-Cs, aryl group;

a and b are each independently selected from 1, 2, 3, and
4; and

Y, to Y, are each independently a carbon atom or a
nitrogen atom.

4. The amino fluorene polymer of claim 3, wherein Ry to

Ry are each independently selected from

a single bond representing a binding site, hydrogen atom,
a methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, an n-butyl group, an isobutyl group,
a sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a tert-pentyl group, a neopentyl
group, a 1,2-dimethylpropyl group, an n-hexyl group,
an iso-hexyl group, a 1,3-dimethyl butyl group, a
1-isopropyl propyl group, a 1,2-dimethyl butyl group,
an n-heptyl group, a 1,4-dimethyl pentyl group, a
3-ethyl pentyl group, a 2-methyl-1-isopropyl propyl
group, a l-ethyl-3-methyl butyl group, an n-octyl
group, a 2-ethyl hexyl group, a 3-methyl-1-isopropyl
butyl group, a 2-methyl-1-isopropyl group, a 1-tert-
butyl-2-methyl propyl group, an n-nonyl group, a 3,5,
S-trimethyl hexyl group, an n-decyl group, an iso-decyl
group, an n-undecyl group, a 1-methyl decyl group, an
n-dodecyl group, an n-tridecyl group, an n-tetradecyl
group, an n-pentadecyl group, an n-hexadecyl group,
an n-heptadecyl group, an n-octadecyl group, an n-non-
adecyl group, an n-eicosyl group, a phenyl group, a
naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyridyl group, a pyrimidyl group, a pyrazinyl
group, a triazinyl group, a furanyl group, and a thio-
phenyl group;

a methyl group, an ethyl group, and an n-propyl group,
each substituted with at least one selected from —F, a
phenyl group, and a naphthyl group;

a phenyl group, a naphthyl group, an anthracenyl group,
a phenanthrenyl group, a pyridyl group, a pyrimidyl
group, a pyrazinyl group, a triazinyl group, a furanyl
group, and a thiophenyl group, each substituted with at
least one selected from a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, an n-octyl group, a phenyl group, a naphthyl
group, a phenyl group substituted with a methyl group,
and a phenyl group substituted with a tert-butyl group;

wherein, adjacent groups selected from R5 to Ry are
optionally linked to one another to form a ring; and

wherein two groups selected from Ry to R, are binding
sites to adjacent atoms.
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5. The amino fluorene polymer of claim 1, wherein F and
F' are each independently selected from groups represented
by Formulae 4-1 to 4-58:

4.1
4.2
CH;

43
C;Hs

44
H-C3H7

4.5
H-C4H9

4.6
n-CgH7

4.7

CH3 H-C13H37
48
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-continued

i)
O

[0)

4-58

wherein, in Formulae 4-1 to 4-58, any two hydrogen
atoms are replaced by binding sites to adjacent atoms.
6. The amino fluorene polymer of claim 1, wherein R, is
selected from
a hydrogen atom, a C,-C,, alkyl group, a C4-C;, aryl
group, a C,-C,, alkoxy group, and —N(Q,)(Q,); and
a C4-Cy, aryl group substituted with at least one selected
from a C,-C,, alkyl group, a C,-C,, aryl group, and a
C,-C,, alkoxy group; and
Q, and Q, are each independently selected from a hydro-
gen atom, a C4-C,, aryl group; and
a C4-Cs, aryl group substituted with C,-C,, alkyl group.
7. The amino fluorene polymer of claim 1, wherein R, is
selected from a hydrogen atom, a methyl group, an ethyl
group, an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethyl propyl group, an
n-hexyl group, an iso-hexyl group, a 1,3-dimethyl butyl
group, a l-isopropyl propyl group, a 1,2-dimethyl butyl
group, an n-heptyl group, a 1,4-dimethyl pentyl group, a
3-ethyl pentyl group, a 2-methyl-1-isopropyl propyl group,
a 1-ethyl-3-methyl butyl group, an n-octyl group, a 2-ethyl
hexyl group, a 3-methyl-1-isopropyl butyl group, a
2-methyl-1-iso-propyl group, a 1-tert-butyl-2-methyl propyl
group, a phenyl group, a naphthyl group, an anthracenyl
group, a phenanthrenyl group, a methoxy group, an ethoxy
group, an n-propoxy group, an iso-propoxy group, an n-bu-
toxy group, a tert-butoxy group, an n-pentyloxy group, an
n-hexyloxy group, an n-heptyloxy group, an n-octyloxy
group, and —N(Q,)(Q,). and
a phenyl group, a naphthyl group, an anthracenyl group,
and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an isopentyl group, a tert-
pentyl group, a neopentyl group, a 1,2-dimethyl propyl
group, an n-hexyl group, an iso-hexyl group, a 1,3-
dimethyl butyl group, a 1-isopropyl propyl group, a
1,2-dimethy] butyl group, an n-heptyl group, a 1,4-
dimethyl pentyl group, a 3-ethyl pentyl group, a
2-methyl-1-isopropyl propyl group, a 1-ethyl-3-methyl
butyl group, an n-octyl group, a phenyl group, a naph-
thyl group, a methoxy group, an ethoxy group, an
N-propoxy group, an iso-propoxy group, an n-butoxy
group, a tert-butoxy group, an n-pentyloxy group, an
n-hexyloxy group, an n-heptyloxy group, and an n-oc-
tyloxy group; and
Q, and Q, are each independently selected from
a hydrogen atom, a phenyl group, a naphthyl group, an
anthracenyl group, and a phenanthrenyl group, and
a phenyl group, a naphthyl group, an anthracenyl group,
and a phenanthrenyl group, each substituted with at
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least one selected from a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, and a
tert-butyl group.
8. The amino fluorene polymer of claim 1, wherein L, and
L, are each independently selected from
a single bond, a C,-C,, alkylene group, and a C4-Cy,
arylene group, and
a C,-C,, alkylene group and a C4-Cs, arylene group, each
substituted with at least one selected from a C,-C,,
alkyl group and a C4-Cs, aryl group.
9. The amino fluorene polymer of claim 1, wherein L, and
L, are each independently selected from
a single bond, a methylene group, and a phenylene group,
and
a methylene group and a phenylene group, each substi-
tuted with at least one selected from a methyl group, an
n-hexyl group, and a phenyl group.
10. The amino fluorene polymer of claim 1, wherein Ar,
is selected from
a hydrogen atom, a C,-C,, alkyl group, and a C,-C,, aryl
group, and
a C4-C,, aryl group substituted with at least one selected
from a C,-C,, alkyl group, a C4-C,, aryl group, and a
C,-C,, alkoxy group, wherein, Ar, optionally binds to
F, F',L,, or L, to form a ring.
11. The amino fluorene polymer of claim 1, wherein Ar,
is selected from
a hydrogen atom, a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group,
an isobutyl group, a sec-butyl group, a tert-butyl group,
an n-pentyl group, an isopentyl group, a tert-pentyl
group, a neopentyl group, a 1,2-dimethyl propyl group,
an n-hexyl group, an iso-hexyl group, a 1,3-dimethyl-
butyl group, a 1-isopropyl propy! group, a 1,2-dimethyl
butyl group, an n-heptyl group, a 1,4-dimethyl pentyl
group, a 3-ethyl pentyl group, a 2-methyl-1-isopropyl
propyl group, a 1-ethyl-3-methyl butyl group, an n-oc-
tyl group, a 2-ethyl hexyl group, a 3-methyl-1-isopro-
pyl butyl group, a 2-methyl-1-iso-propyl group, a
1-tert-butyl-2-methyl-propyl group, a phenyl group, a
naphthyl group, an anthracenyl group, and a phenan-
threnyl group, and
a phenyl group, a naphthyl group, an anthracenyl group,
and a phenanthrenyl group, each substituted with at
least one selected from a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an isopentyl group, a tert-
pentyl group, a neopentyl group, a 1,2-dimethyl propyl
group, an n-hexyl group, an iso-hexyl group, a 1,3-
dimethyl butyl group, a 1-isopropyl propyl group, a
1,2-dimethyl] butyl group, an n-heptyl group, a 1,4-
dimethyl pentyl group, a 3-ethyl pentyl group, a
2-methyl-1-isopropyl propyl group, a 1-ethyl-3-methyl
butyl group, an n-octyl group, a phenyl group, a naph-
thyl group, a methoxy group, an ethoxy group, an
N-propoxy group, an iso-propoxy group, an n-butoxy
group, a tert-butoxy group, an n-pentyloxy group, an
n-hexyloxy group, an n-heptyloxy group, and an n-oc-
tyloxy group, and
wherein, Ar, optionally binds to F, F', L, or L, to form a
ring.
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12. The amino fluorene polymer of claim 1, wherein the
first repeating unit of Formula 1 is represented by Formula

1-1:
E 1 Rs;

Formula 1-1’

n2
ml

Rr)a- 1)\”
Rs
= R¢
Yé
R \\ Ys
Re)p-1y N
nl
| |
A
Y/K
R7)a- 1)\”. Y)
Y4
e Rs
SN Rs
Ys
Rs)p-1y % \(YS
|
|
Ry

wherein, in Formula 1-1,

R, to R; are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C4-C,, aryl group;

ml is an integer from 1 to 20;

F and F' are each independently selected from a substi-
tuted or unsubstituted azafluorenylene group and a
substituted or unsubstituted fluorenylene group;

nl and n2 are each independently selected from 1 and 2;

A is a group represented by Formula 2; and

R, is selected from a hydrogen atom, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, a sub-
stituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C, ¢ cycloalkyl group, a sub-
stituted or unsubstituted C,-C;, aryl group, a
substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C | ; cycloalkoxy group,
a substituted or unsubstituted C,-C;, aryloxy group, a
substituted or unsubstituted C,-C,, aralkyl group, a
substituted or unsubstituted C5-C,,, heteroaryl group,

—S1(Q)(Q2)(Q5), and —N(Q,)(Q,):

CH;

QOO

CgHy7 GgHyy

CsHyz CeHyy
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Formula 2
Ar

F— L) N—(L)u—"*

wherein, in Formula 2,

L, and L, are each independently selected from a single
bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C;-C, ; cycloalky-
lene group, a substituted or unsubstituted Cg-Cs,
arylene group, a substituted or unsubstituted C,-C,,
oxyalkylene group, a substituted or unsubstituted
C;-C, ¢ oxycycloalkylene group, a substituted or unsub-
stituted C4-C;, oxyarylene group, a substituted or
unsubstituted C,-C,, aralkylene group, a substituted or
unsubstituted Cs-C,, heteroarylene group, —Si(Q,)
(Qs)-, and —N(Q,)-;

n3 and n4 are each independently selected from 1 and 2;

Ar, is selected from a hydrogen atom, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C, ; cycloalkyl group, a substituted or
unsubstituted C,-Cs,, aryl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsub-
stituted C;-C,, cycloalkoxy group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C,-C,, aralkyl group, a substituted or
unsubstituted C;-C,,, heteroaryl group, and —N(Qy)
Q)

wherein, Ar, optionally binds to F, F', L, or L, to form a
nng,

* is a binding site to an adjacent atom;

R, to Ry are each independently selected from a hydrogen
atom, a halogen atom, a hydroxyl group, a nitro group,
a cyano group, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,,
cycloalkyl group, a substituted or unsubstituted C4-Cs,
aryl group, a substituted or unsubstituted C,-C,,, alkoxy
group, a substituted or unsubstituted C;-Cg
cycloalkoxy group, a substituted or unsubstituted
Cs-Cyo aryloxy group, a substituted or unsubstituted
C,-C,, aralkyl group, a substituted or unsubstituted

Cs-Cyp heteroaryl  group, —S8i(Q,)(Q,)(Qs), and
—NQDQ,):
wherein, adjacent groups selected from Rg to R, are
optionally linked to one another to form a ring;
a and b are each independently selected from 1, 2, 3, and
4;
Y, to Y5 are each independently a carbon atom or a
nitrogen atom; and
Q, to Q, are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C4-C,, aryl group.
13. The amino fluorene polymer of claim 1, wherein the
first repeating unit of Formula 1 is selected from units
represented by the following formulae:

CHz

LT

CgHy7 CgHyy
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CH;
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CH;
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CH;
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CsHy; CgHyy
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CgHyy CsHyy
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CsHyz CsHyr CsHy7 CsHys

wherein m is an integer from 1 to 10.

14. The amino fluorene polymer of claim 1, wherein the
amino fluorene polymer further comprises a second repeat-
ing unit derived from a monomer comprising at least one
selected from cross-linking groups represented by Formulae
5-1 to 5-10:

51
H
/ H
*
Ryo
52
0, Ry
*—O>_\§—H
H
53
H
I\ /
K
Rpz
54
0
O\A
7 Rys
55
0
0 o\/A\
~
" Ny Ryy
56
0
O\Sz
7 Rys
57
0
0 O\Q
~, .
" Newy” Rig
5.8
*/_
59

O--OFO

CsHyz CsHyr CgHy7 CsHyy
-continued
5-10

*/\/_

wherein, in Formulae 5-1 to 5-10,
R,q to R ¢ are each independently a hydrogen atom, or a
substituted or unsubstituted C,-C,, alkyl group;
p is an integer from 1 to 10; and
* is a binding site to an adjacent atom.
15. The amino fluorene polymer of claim 14, wherein the
second repeating unit is represented by Formula 6:

Formula 6

Rag)a—

wherein, in Formula 6,

R,; to Ry4 are each independently a hydrogen atom, a
substituted or unsubstituted C,-C,, alkyl group, or a
substituted or unsubstituted C,-C,, aryl group;

R, to R,; are each independently selected from cross-
linking groups represented by Formulae 5-1 to 5-10, a
hydrogen atom, a halogen atom, a hydroxyl group, a
nitro group, a cyano group, a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubstituted
C;-C ¢ cycloalkyl group, a substituted or unsubstituted
Ce-C, aryl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted
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C;-C,¢ cycloalkoxy group, a substituted or unsubsti-
tuted C,-C5, aryloxy group, a substituted or unsubsti-
tuted C,-C,, aralkyl group, a substituted or unsubsti-
tuted Cs-Cj;, heteroaryl group, —Si(Q,)(Q,)(Q5), and
—N@Q)Q.):

wherein, adjacent groups of R,, to R,q are optionally
linked to one another to form a ring;

at least one group of R,, to Ryg is selected from cross-
linking groups represented by Formulae 5-1 to 5-10;

¢, d, e, and f are each independently selected from 1, 2,
and 3;

A is selected from a single bond, a substituted or unsub-
stituted C,-C,,, alkylene group, a substituted or unsub-
stituted C;-C, ¢ cycloalkylene group, a substituted or
unsubstituted C4-C,,, arylene group, a substituted or
unsubstituted C,-C,, oxyalkylene group, a substituted
or unsubstituted C5-C | ; oxycycloalkylene group, a sub-
stituted or unsubstituted C,-C;, oxyarylene group, a
substituted or unsubstituted C,-C,,, aralkylene group, a
substituted or unsubstituted Cs-C,, heteroarylene
group, —Si(Q)(Qs)- and —N(Q,)-

nS is selected from 1, 2, 3, 4, and 5,

m?2 is an integer from 0 to 20; and

Q, to Qs are each independently selected from a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group,
and a substituted or unsubstituted C¢-Cs,, aryl group;

5-1
H
/ H
*
Ryo
5-2
0, Ry
*—o>_§—H
H
5-3
)8
\ /"
2/_
Rj>
5.4
0]
O\/A\
e Ry3
5-5
O
Nt
5-6

0
p/o\/A\RM
0
O\Sz
Ris

e

54
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O,
0} O
= \(CHZ:)p/ Ris
5-8
R
5-9
K

5-10

wherein, in Formulae 5-1 to 3-10,

R, to Ry4 are each independently a hydrogen atom or a
substituted or unsubstituted C,-C,, alkyl group;

p is an integer from 1 to 10; and

* is a binding site to an adjacent atom.

16. The amino fluorene polymer of claim 15, wherein

(A", 5 1s selected from

a single bond, a C,-C,, alkylene group, a C,-C;, arylene
group, and a group represented by Formula 2, and

a C,-C,, alkylene group and a C4-C,, arylene group, each
substituted with at least one selected from a C,-C,,
alkyl group and a C4-Cs, aryl group:

Formula 2
Ar

F— L) N—(L)—*

wherein, in Formula 2,
L, and L, are each independently selected from
a single bond, a C,-C,, alkylene group, and a C4-Cy,
arylene group, and
a C,-C,, alkylene group and a C4-Cs, arylene group, each
substituted with at least one selected from a C,-C,,
alkyl group and a C4-Cs, aryl group;
n3 and n4 are each independently selected from 1 and 2;
Ar, is selected from
a hydrogen atom, a C,-C,,, alkyl group, and a C-C,, aryl
group, and
a C4-Cs,, aryl group substituted with at least one selected
from a C,-C,, alkyl group, a C.-C,, aryl group, and a
C,-C, alkoxy group; and
* is a binding site to an adjacent atom.
17. The amino fluorene polymer of claim 14, wherein the
second repeating unit is selected from units represented by
the following formulae:
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)

o0

CgHy7 CeHys

CgHy7 CeHyy

CsHy; Cslyr

wherein, n and m are each independently an integer from
1 to 10.

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,

wherein the organic layer comprises an amino fluorene
polymer according to claim 1.

CsHy7 CeHys

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

wherein the organic layer comprises an emission layer,
and

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

wherein the hole transport layer comprises the amino
fluorene polymer.
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