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7) ABSTRACT

A material for an organic light-emitting device, the material
including a repeating unit represented by Formula 1:

Formula 1

wherein, in Formula 1, R, A, and X' are the same as
described in the specification.
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FIG. 1
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MATERIAL FOR ORGANIC
LIGHT-EMITTING DEVICE AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefits
of Japanese Patent Application No. 2014-256674, filed on
Dec. 18, 2014, in the Japanese Intellectual Property Office,
and Korean Patent Application No. 10-2015-0139993, filed
onOct. 5,2015, in the Korean Intellectual Property Office, the
content of which are incorporated herein in their entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a material for an
organic light-emitting device and an organic light-emitting
device including the same.

[0004] 2. Description of the Related Art

[0005] Organic light emitting devices are self-emission
devices that have wide viewing angles, high contrast ratios,
and short response times. In addition, the OLEDs have excel-
lent brightness, driving voltage, and response speed charac-
teristics, and produce full-color images.

[0006] In an example, an organic light-emitting device
includes an anode, a cathode, and an organic layer that is
disposed between the anode and the cathode, wherein the
organic layer includes an emission layer. A hole transport
region may be disposed between the anode and the emission
layer, and an electron transport region may be disposed
between the emission layer and the cathode. Holes provided
from the anode may move toward the emission layer through
the hole transport region, and electrons provided from the
cathode may move toward the emission layer through the
electron transport region. Carriers, such as holes and elec-
trons, recombine in the emission layer to produce excitons.
These excitons change from an excited state to a ground state,
thereby generating 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 a material for an organic light-emitting
device and an organic light-emitting device including the
same. The material for an organic light-emitting device
includes an ethylene skeleton as a main chain and a charge
transport unit as a side chain.

[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 belearned by practice ofthe presented
exemplary embodiments.

[0010] According to an aspect of an exemplary embodi-
ment, a material for an organic light-emitting device includes
a repeating unit represented by Formula 1:
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Formula 1

[0012] R'is selected from a single bond, a phenylene
group, and a group represented by one of Formulae al to

al
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a4
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a8
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[0013] wherein, in Formulae al to a9,
[0014] R*isaC,-C, alkyl group,
[0015] X?'and X*?are each independently selected from
an oxygen atom and a sulfur atom;
[0016] A is a divalent saturated aliphatic cyclic group;
and
[0017] X' isa charge transport unit.
[0018] According to an aspect of another exemplary
embodiment, an organic light-emitting device includes:

[0019] a first electrode;
[0020] a second electrode; and
[0021] an organic layer between the first electrode and

the second electrode,

[0022] wherein the organic layer includes the material
for an organic light-emitting device represented by For-
mula 1.

BRIEF DESCRIPTION OF THE DRAWING

[0023] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with
[0024] FIG. 1 which is an illustration of a cross-sectional
view of an organic light-emitting device according to an
example embodiment.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the FIGURES, to
explain aspects. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items. Expressions such as “at least one of,” when
preceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.

[0026] 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
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intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims. In the draw-
ings, like reference numerals denote like elements through-
out, and thus redundant description thereof will be omitted.

[0027] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present embodiments.

[0028] The terminology used herein is for the purpose of
describing particularembodiments 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.

[0029] The term “or” means “and/or”” As used herein, the
terms such as “comprising”, “including”, “having”, or the
like are intended to indicate the existence of the features
regions, integers, steps, operations, components, and/or ele-
ments disclosed in the specification, and are not intended to
preclude the possibility that one or more other features or
elements may exist or may be added.

[0030] Itwill also be understood that when an element such
as alayer, a region or a component is referred to as being “on”
another layer or element, it can be directly on the other layer
or element, or intervening layers, regions, or components
may also be present.

[0031] In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

[0032] In the drawings, the sizes of elements are exagger-
ated or reduced for ease of description. The size or thickness
of each element shown in the drawings are arbitrarily illus-
trated for better understanding or ease of description, and thus
the present disclosure is not limited thereto.

[0033] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which this general inventive concept belongs. It will be fur-
ther understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of
the relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0034] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

[0035] Theexpression “XtoY” as used herein means “X or
more and Y or less”, if the expression indicates a numeral
range.
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[0036] Unless described otherwise, performing processes
and measuring physical properties are considered as being
performed at a temperature of 20 to 25° C. and at a humidity
of 40 to 50%.

[0037] An organic light-emitting device may use various
materials which are designed for use in an organic light-
emitting device, including a charge transport material, such as
a hole transport material. The charge transport material may
not only transport a charge to an emission layer, but also
prevent excitons, which are formed by recombining holes and
electrons, from permeating into at least one region of a hole
transport region and an electron transport region. Also, it is
considered that when a hole transport material has high
charge mobility and high triplet energy, the hole transport
material may provide highly-efficient green and blue organic
light-emitting devices.

[0038] A method of manufacturing an organic light-emit-
ting device for a coating process may use, in a process aspect,
a charge transport material having a polymer structure. From
among charge transport materials having a polymer structure,
a charge transport material that has an ethylene skeleton as a
main chain and a charge transport unit as a side chain is called
a side chain-type polymer material. For example, Japanese
Patent Publication No. 2006-237592 discloses a hole trans-
port side chain-type polymer material including a hole trans-
port unit as a side chain. Regarding the side chain-type poly-
mer material, charge transport units are separated from each
other via bonds, thereby having high triplet energy. Also,
since charge transport units are arranged in a pendant shape
around the main chain, the charge transport units may easily
interact, and may have a high charge transport capability. In
this aspect, the side chain-type polymer material may be
suitable for use as a charge transport material for green and
blue organic light-emitting devices.

[0039] The material for the organic light-emitting device
may include a repeating unit (1) represented by Formula 1.
The material for the organic light-emitting device may be a
side chain-type polymer material:

Formula 1

[0040]

[0041] R'is selected from a single bond, a phenylene
group, and a group represented by one of Formulae al to

a9:
&
_\ RZZ

HC  CH;

In Formula 1,
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al
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[0042] In Formulae al to a9,

[0043] R**isa C,-C, alkyl group, and

[0044] X*'and X*? are each independently selected from

an oxygen atom and a sulfur atom;
[0045] A is a divalent saturated aliphatic cyclic group;
and

[0046] X'is a charge transport unit.
[0047] An organic light-emitting device may generate heat
due to internal resistance when driven. The generated heat
may damage materials constituting the organic light-emitting
device, and accordingly, may lead to a decrease in a lifespan
of the organic light-emitting device. To embody a long
lifespan organic light-emitting device, materials for an
organic light-emitting device, including a charge transport
material, need to have high resistance to heat. However, con-
ventional materials for an organic light-emitting device, in
particular, a side chain-type polymer material have insuffi-
cient resistance to heat.
[0048] In addition, materials for an organic light-emitting
device, including a charge transport material, may affect effi-
ciency of the organic light-emitting device. An organic light-
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emitting device using conventional materials for an organic
light-emitting device may not provide sufficient luminescent
efficiency.

[0049] A material for an organic light-emitting device, the
material including a repeating unit (1) represented by For-
mula 1, may provide an organic light-emitting device having
a high resistance to heat and high efficiency. While not wish-
ing to be bound by a theory, it is believed that the high
resistance and high efficiency of the organic light-emitting
device may be due to the following mechanism. However, the
scope of the present invention is not limited thereto. That is, a
side chain-type polymer material including the repeating unit
(1) represented by Formula 1 includes a saturated aliphatic
cyclic group A, such as an adamantylene group, as a side
chain. The saturated aliphatic cyclic group A, such as an
adamantylene group, provides a rigid structure, leading to a
high resistance to heat. Accordingly, it is expected that a
material for an organic light-emitting device including the
saturated aliphatic cyclic group A, such as an adamantylene
group, has a high decomposition temperature (Td) and a high
resistance to heat. It is also expected that the material for an
organic light-emitting device including the saturated ali-
phatic cyclic group A, such as an adamantylene group, has a
relatively high glass transition temperature (Tg) and a high
resistance to heat. Accordingly, an organic light-emitting
device including such a material may suppress the deforma-
tion of (or change in) at least one of a material and an organic
film due to heat that occurs by driving, thereby making a long
lifespan of the organic light-emitting device longer.

[0050] R'inFormula 1 may beselected from a single bond,
a phenylene group, and a group represented by one of For-
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[0051] In Formulae al to a9,

[0052] R**isa C,-Cqalkyl group, and

[0053] X' and X** are each independently selected from
an oxygen atom and a sulfur atom.

[0054] For example, R* in Formula 1 may be selected from
aphenylene group and a group represented by one of Formu-
lae al to a9, but is not limited thereto.

[0055] In some embodiments, R' in Formula 1 may be
selected from a phenylene group and the group represented by
Formula al, but is not limited thereto.

[0056] In some embodiments, R' in Formula 1 may be a
phenylene group, but is not limited thereto. When R* in For-
mula 1 is a phenylene group, a radical polymerization may
readily occur.

[0057] For example, R** in Formula al may be a C,-C,
alkyl group, but is not limited thereto.

[0058] A inFormula 1 may be a divalent saturated aliphatic
cyclic group.
[0059] For example, A in Formula 1 may be selected from

an adamantylene group, a diadamantylene group, a triada-
mantylene group, a tetraadamantylene group, a cyclopropy-
lene group, a cyclobutylene group, a cyclopentylene group, a
cyclohexylene group, a bicyclo[2.1.0]pentyl group, a bicyclo
[3.1.0]hexyl group, a bicyclo[2.1.1]hexyl group, a bicyclo[4.
1.0Theptyl group, a bicyclo[2.2.1Theptyl group, and a cubanyl
group (apentacyclo [4.2.0.0*°.0** 0% |octanyl group), but is
not limited thereto.

[0060] In some embodiments, A in Formula 1 may be
selected from an adamantylene group, a diadamantylene
group, a triadamantylene group, and a tetraadamantylene
group, but is not limited thereto. When A in Formula 1 is
selected from an adamantylene group, a diadamantylene
group, a triadamantylene group, and a tetraadamantylene
group, the material may provide a high resistance to heat.
[0061] In some embodiments, A in Formula 1 may be an
adamantylene group, but is not limited thereto.

[0062] X' in Formula 1 may be a charge transport unit. A
material for an organic light-emitting device according to an
embodiment has a high resistance to heat and high lumines-



US 2016/0181535 Al

cent efficiency. Accordingly, the material may be suitable for
use as at least one material selected from a hole transport
material, a hole injection material, an electron transport mate-
rial, and an electron injection material. Although the charge
transport unit can be a hole transport unit or an electron
transport unit, the material for an organic light-emitting
device according to an embodiment may be suitable for use in
aholeinjection layerora hole transport layer when ionization
potential and charge mobility are taken into consideration.
Accordingly, X' in Formula 1 may be a hole transport unit.

[0063] The material for an organic light-emitting device
has a high resistance to heat and high luminescent efficiency,
and may be used as a hole transport or injection material or an
electron transport or injection material. So, in this aspect, the
charge transport unit used herein may be used as a hole
transport unit or an electron transport unit. However, the
material for an organic light-emitting device according to an
embodiment may also be suitable for use in a hole injection
layer or a hole transport layer when ionization potential and
charge mobility are taken into consideration. So, X* may be a
hole transport unit.

[0064] For example, X" in Formula 1 may be selected from
a hole transport unit, such as an arylamine moiety, a fluorene
moiety, a carbazole moiety, a dibenzofurane moiety, a diben-
zothiophene moiety, each optionally forming a fused ring
system or a spiro ring system; and an electron transport unit,
such as a fluorenone moiety, a quinone moiety, an
anthraquinone moiety, a diphenylquinone moiety. a thiopyt-
andioxide moiety, an oxazole moiety, an oxadiazole moiety, a
triazole moiety, an imidazole moiety, an anthrone moiety, a
bipyridine moiety, and a phenanthroline moiety, but is not
limited thereto.

[0065] In some embodiments, X' in Formula 1 may be a
group represented by one of Formulae bl to b13, but is not
limited thereto:

bl
R3B
Y2—N
_YII_N R3ll
R31
b2
R322
—vy2—=N
R32!
b3
_Y31_R33l
b4
— ydloy42 R34l
b5
Y52 —R32
— Y3\
R33!
b6
R363 R362
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[0066] In Formulae bl tobl3,

[0067] R311 R312 R313 R 321 R322 R331 R341 RSSI
R352 R361 R362 R363 R371 R372 R3Sl R39l R3101
R3111 RSIIZ R3113 R3121 RSIZZ R3123 R3124 R3125
R*'*! and R332 may be each independently selected
from a hydrogen atom, a C,-Cy alkyl group, and a group
represented by one of Formulae ¢l to c16:
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[0068] In Formulae cl to cl6,
[0069] pisOorl;and
11 12 21 31 41 42 51 52 53 61
[0070] 7,7, 77, 72>, 77, 77, 2>, 2>, 17, 77,

Z2%2, 771, 77% 772, 7%, 7°*, and 7°* may be each inde-
pendently selected from a C, -C alkyl group, a methoxy

group, and a group represented by one of Formulae d1 to
d7:

dl

d2

——alkyl
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[0071]
alkylis a C,-Cg alkyl group; and

[0072] Yll Y12 Y21 Y31 Y41 Y42 YSl YSZ Y61 Y62
and Y®* are each independently a group represented by
one of Formulae el to el1:

In Formulae d1 to d7,

el

el
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[0073] In Formulae el to ell,
[0074] R411, R412, R421, R431, R441, R442, R451, R452,

R*%*, and R*** may be each independently selected from
a hydrogen atom, a C,-C, alkyl group, a phenyl group,
and a tolyl group.
[0075] In some embodiments, X' in Formula 1 may be
represented by one of Formulae b1 to b5, b8, and b11, but is
not limited thereto.
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[0076] In some embodiments, X' in Formula 1 may be
represented by one of Formulae b1 and b11, butis not limited
thereto.

[0077] For example, Formula b6 may be represented by
Formula b6-1, Formula b7 may be represented by Formulae
b7-1 or b7-2, Formula b8 may be represented by Formulae
b8-1 or b8-2, Formula b9 may be represented by Formula
b9-1, Formula b10 may be represented by Formula b10-1,
Formula b12 may be represented by Formula b12-1, and
Formula b13 may be represented by Formula b13-1:

4%9a
oo
%0
Cre)
S20
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[0078] For example, Formula ¢2 may be represented by
Formulae c2-1 or ¢2-2, Formula ¢3 may be represented by
Formula ¢3-1, Formula ¢4 may be represented by Formula
c4-1, Formula ¢5 may be represented by Formulae ¢53-1 or
¢5-2, Formula ¢6 may be represented by Formulae ¢6-1 or
c6-2, Formula ¢7 may be represented by Formulae ¢7-1 or
¢7-2, Formula ¢8 may be represented by Formula c8-1, For-
mula ¢9 may be represented by Formula ¢9-1, Formula c11
may be represented by Formulae c11-1 or¢11-2, Formula c12
may be represented by Formulae ¢12-1 or¢12-2, Formulac13
may be represented by Formula c13-1, Formula ¢14 may be
represented by Formula c14-1, and Formula c15 may be
represented by Formula c15-1:

oo
i)

¢
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[0079] For example, Z'* and Z'? in Formulae ¢35, ¢5-1, and
¢5-2 may be each independently a C, -C alkyl group, but they
are not limited thereto.

[0080] For example, Z** in Formulae c6, ¢6-1, and c6-2
may be represented by a group represented by one of Formu-
lae d1 to d3, but is not limited thereto.
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[0081] For example, 7>, Z*, Z*, 7°!, 7>?, and 7°* in
Formulae ¢7 to ¢9, ¢7-1, ¢7-2, ¢8-1, and ¢9-1 may be each
independently selected from a C,-C, alkyl group, a methoxy
group, and a group represented by one of Formulae d1 andd2,
but they are not limited thereto.

[0082] Forexample, Z"* and Z”* in Formulae c13 and c13-1
may be each independently selected from groups represented
by Formulae d1 to d5, but they are not limited thereto.

[0083] For example, Z**, 722, 7°', and 7°? in Formulae
cl4, c15, c14-1, and c15-1 may be each independently a
group represented by Formulae d1 or d6, but are not limited
thereto.

[0084] For example, Formula d2 may be represented by
Formulae d2-1 or d2-2, Formula d3 may be represented by
Formula d3-1, Formula d4 may be represented by Formula
d4-1, Formula d5 may be represented by Formula d5-1, For-
mula d6 may be represented by Formula d6-1, and Formula
d7 may be represented by Formula d7-1:

d2-1

: alkyl
d2-2

~ : alkyl
d3-1
d4-1

: N :
d5-1

/©/ N\©\
H;C CH;

d6-1
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[0085] For example, Formula el may be represented by
Formula el-1, Formula e2 may be represented by Formulae
e2-1 or e2-2, Formula €3 may be represented by Formula
e3-1, Formula e4 may be represented by Formula e4-1, For-
mula e5 may be represented by Formula e5-1, Formula e6
may be represented by Formula e6-1, Formula e7 may be
represented by Formula €7-1, Formula e8 may be represented
by Formula e8-1, Formula 9 may be represented by Formula
€9-1, Formula el 0 may be represented by Formulae10-1, and
Formula el1 may be represented by Formula el 1-1:

-

oo
920

(-
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[0086] For example, R4M, R412, R421, R431, R441, R442,
R*! R*2, R*', and R** in Formulae el to el1, el-1, e2-1,
e2-2,e3-1,e4-1,e5-1,e6-1,e7-1,e8-1,€9-1,e10-1, andel1-1
may be each independently selected from a hydrogen atom, a
C,-Cg alkyl group, a phenyl group, and a tolyl group, but is
not limited thereto.

[0087] In some embodiments, R*'" and R*'* in Formulae
€2, e2-1, and e2-2 may be each independently a C,-C, alkyl
group, but is not limited thereto.

[0088] In some embodiments, R**' in Formulae e5 and
e5-1 may be selected from a phenyl group, and a tolyl group,
but is not limited thereto.

[0089] Insomeembodiments, R*¥* R**! R**? R*! R*?,
R*%! and R*%? in Formulae e8 to el1, e8-1, €9-1, e10-1, and
el1-1 may be each independently a C,-C; alkyl group, but
they are not limited thereto.

[0090] For example, in Formulae b1 to b13, R**', R**"?

R313 R321 R3/.2 R331 R341 R351 R352 R61 R362 R363

R371 R372 R381 R391 R3101 R3111 R31 12 R31 13 R3121

R3122 R3123 R3124 R3175 R3131 and RSI"Z may be each
independently a group represented by one of Formula cl to
016, le, 212’ Z21’ Z31, Z41, Z42, ZSl, 252’ 253, Z61, Z62, Z71,
772, 78, 7%, 7°', and 7°* may be each independently
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selected from a hydrogen atom, a C,-Cy alkyl group, a meth-
oxy group, and a group represented by Formulae d1 to d7,
Yl 1, YVIZ, YZI, YSl,Y41,Y42, YSI,YSZ, Y61, Y62, andY63 may
be a phenylene group, but they are not limited thereto.
[0091] In some embodiments, in Formula 1, R may be a
phenylene group or a group represented by Formula al; A
may be selected from an adamantylene group, a diadamanty-
lene group, a triadamantylene group, and a tetraadamantylene
group; and X' may be a group represented by one of Formulae
bl to b5, b8, and b11, but is not limited thereto.

[0092] In some embodiments, in Formula 1, R' may be a
phenylene group, and A may be an adamantylene group, but
they are not limited thereto.

[0093] Insome embodiments, the repeating unit (1) repre-
sented by Formula 1 may be represented by Formula 1a, but
is not limited thereto:

)

[0094] In Formula la,

[0095] X' may beunderstood by referring to the description
provided in connection with Formula 1 above.

[0096] The material for the organic light-emitting device
may include the repeating unit (1) represented by Formula 1
in the number of n.

[0097] In some embodiments, a material for an organic
light-emitting device, the material including the repeating
unit (1) represented by Formula 1 in the number of n, may be
represented by Formula 1-1, but is not limited thereto:

”
Xl

[0098] n in Formula 1-1 may be an integer of 20 to 500.
While not wishing to be bound by theory, it is understood that
when n is less than 20, a film-forming property of the material
may deteriorate. When n is greater than 500, the material may
embrittle.

Formula 1a

Formula 1-1
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[0099] For example, nin Formula 1-1 may be an integer of
100 to 300, but is not limited thereto.

[0100] For example, the number of total repeating units in
the material for the organic light-emitting device may beina
range of 20 to 500, but is not limited thereto.

[0101] Forexample, the material for the organic light-emit-
ting device may include the repeating unit (1) represented by
Formula 1 in the amount of 10 to 100 mole percent (mol %) of
total constituting units, but is not limited thereto. While not
wishing to be bound by theory, it is understood that when the
repeating unit (1) represented by Formula 1 is included in the
amount of 10 mol % or greater of total constituting units, the
heat resistance of the material may be increased.

[0102] In some embodiments, the material for the organic
light-emitting device may include the repeating unit (1) rep-
resented by Formula 1 in the amount of 30 to 100 mol % of
total constituting units, but is not limited thereto. Within this
range, Td and Tg of the material for an organic light-emitting
device may be improved.

[0103] In some embodiments, the material for the organic
light-emitting device may include the repeating unit (1) rep-
resented by Formula 1 in the amount of 60 to 100 mol % of
total constituting units, but is not limited thereto.

[0104] When the repeating unit (1) represented by Formula
1 is included in the amount of less than 100 mol % of total
constituting units in the material for an organic light-emitting
device, that is, when the material for an organic light-emitting
device is a copolymer of the repeating unit (1) represented by
Formula 1 and a repeating unit derived from a different eth-
ylenically unsaturated monomer (hereinafter, the “repeating
unit derived from a different ethylenically unsaturated mono-
mer” will be referred to as “the remaining repeating unit.”),
the remaining repeating unit may be derived from any ethyl-
enically unsaturated monomer.

[0105] A ratio of repeating units may be adjusted by chang-
ing a ratio of monomers used to prepare the material for an
organic light-emitting device by polymerization. From
among total constituting units, the ratio of repeating units
may be measured by NMR.

[0106] For example, the remaining repeating unit may be a
repeating unit (2) represented by Formula 2, but is not limited
thereto. The material for an organic light-emitting device
according to an embodiment may be a copolymer including
the repeating unit (1) represented by Formula 1 and the
repeating unit (2) represented by Formula 2, but is not limited
thereto:

Formula 2

Rl()
X1,
[0107] In Formula 2,
[0108] R'° may be understood by referring to the

description of R' of Formula 1;
[0109] X' may be understood by referring to the
description of X' of Formula 1; and
[0110] gmaybeOor 1.
[0111] For example, when q in Formula 2 is 0, (X'°), may
indicate a hydrogen atom.
[0112] For example, the different ethylenically unsaturated
monomer may be selected from an aromatic vinyl compound,
such as styrene, methyl styrene, methoxy styrene, ethyl sty-
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rene, butyl styrene, hexyl styrene, octyl styrene, chloro sty-
rene, phenyl styrene, vinyl toluene, or vinyl benzyl methyl
ether; an acryl group-containing compound and a derivative
thereof, such as (meth)acrylic acid, methyl(meth)acrylate,
ethyl(meth)acrylate, butyl(meth)acrylate, 2-hydroxyethyl
(meth)acrylate, 2-hydroxybutyl(meth)acrylate, benzyl(meth)
acrylate, cyclohexyl(meth)acrylate, phenyl(meth)acrylate,
2-aminoethyl(meth)acrylate, 2-dimethylaminoethyl(meth)
acrylate, glycidyl(meth)acrylate(meth)acryl amide; a car-
boxylic acid vinyl ester compound, such as an acetic acid
vinyl, a propionic acid vinyl, or a benzoic acid vinyl; a cyan-
ated vinyl compound, such as (meth)acrylonitrile; a vinyl
ether compound, such as vinyl methyl ether, vinyl ethyl ether,
vinyl isobuty! ether, or vinyl phenyl ether, and an olefin com-
pound, such as ethylene, propylene, iso butylene, 1-butene,
1-pentene, 4-methyl-1-pentene, butadiene, isoprene, or chlo-
roprene, but is not limited thereto.

[0113] The different ethylenically unsaturated monomer
may include identical monomers or two or more different
monomers, but is not limited thereto.

[0114] When the material for an organic light-emitting
device is a copolymer, a bonding manner of the copolymer is
not limited. For example, the material for the organic light-
emitting device may include a copolymer selected from a
random copolymer, an alternating copolymer, a periodic
copolymer, and a block copolymer, but is not limited thereto.
[0115] In some embodiments, the material for an organic
light-emitting device may be represented by Formula 3, but is
not limited thereto:

Formula 3

R! 10
~ }
Lo,
[0116] In Formula 3,
[0117] R!andR'°are each independently understood by

referring to the description of R' in Formula 1;
[0118] A is understood by referring to the description of
A in Formula 1;
[0119] X'and X'°are eachindependently understood by
referring to the description of X' in Formula 1;
[0120] qisunderstood by referring to the description of
q in Formula 2;
[0121] nis an integer of 20 to 500; and
[0122] mis an integer of 1 to 180.
[0123] For example, when q in Fornula 3 is 0, (X*°) , indi-
cates a hydrogen atom. For example, q in Formula 3 may be
1, but is not limited thereto. While not wishing to be bound by
theory, it is understood that when q in Formula 3 is 1, lumi-
nescent efficiency of a manufactured organic light-emitting
device may be improved.
[0124] For example, n and m in Formula 3 may satisfy the
condition of 0.1<n/(n+m)=<1, but they are not limited thereto.
That 1s, the material for an organic light-emitting device
represented by Formula 3 may include the repeating unit (1)
in the amount of 10 to 100 mol % of total constituting units
and the balance of the repeating unit (2).
[0125] In some embodiments, n and m in Formula 3 may
satisfy the condition of 0.3<n/(n+m)<l1, but is not limited
thereto. That is, the material for an organic light-emitting
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device represented by Formula 3 may include the repeating
unit (1) in the amount of 30 to 100 mol % of total constituting
units and the balance of the repeating unit (2). While not
wishing to be bound by theory, it is understood that when the
above condition is satisfied, Td and Tg of the material for the
organic light-emitting device may be improved.

[0126] In some embodiments, n and m in Formula 3 may
satisfy the condition of 0.6=n/(n+m)<1, but they are not lim-
ited thereto. For example, the material for an organic light-
emitting device represented by Formula 3 may include the
repeating unit (1) in the amount of 60 to 100 mol % of total
constituting units and the balance of the repeating unit (2).
[0127] For example, n and m in Formula 3 may satisfy the
condition of 20=n+m=500, but they are not limited thereto.
[0128] An end of the material for the organic light-emitting
device is not limited, and may be appropriately selected. In
general, the end of the material may be a hydrogen atom.

[0129] Repeating units included in the material for the
organic light-emitting device may have identical or different
structures.

[0130] A number average molecular weight (Mn) of the
material for the organic light-emitting device is not limited,
and may be, for example, in a range of 5,000 to 1,000,000. For
example, the number average molecular weight (Mn) of the
material may be in a range of 6,000 to 100,000. While not
wishing to be bound by theory, it is understood that when the
number average molecular weight (Mn) of the material is
5,000 or greater, a film that is formed by using such a material
may not embrittle. When the number average molecular
weight (Mn) of the material is 1,000,000 or less, when a film
is formed by using such a material, it is believed that the
material for an organic light-emitting device may not
embrittle.

[0131] Thenumber average molecularamount and a degree
of dispersion (Mw/Mn) were measured by using size exclu-
sion chromatography using polystyrene as a standard mate-
rial.

[0132] The material for the organic light-emitting device
has a high resistance to heat, and the high heat-resistance to
heat was evaluated by referring to 5% weight decrease tem-
perature (decomposition temperature Td)(C) measured by
using the method described in Example. Td of the material for
an organic light-emitting device is 410° C. or greater, for
example, 420° C. or greater, for example, 430° C. or greater.
While not wishing to be bound by theory, it is understood that
when Td of the materialisless than 410° C., due to at least one
of decomposition and deterioration of the material, the
organic light-emitting device may not be driven for a long
period of time. An upper limit of Td is not limited, but, for
example, may be 550° C.

[0133] The material for the organic light-emitting device
may have high luminescent efficiency. A glass transition tem-
perature (Tg)(C) of the material for an organic light-emitting
device may be 145° C. or greater, for example, 155° C., when
luminescent efficiency increase effects of an organic light-
emitting device are taken into consideration. However, Tg of
the material is not limited thereto. Although an upper limit of
Tg is not limited, the upper limit may be, for example, 230° C.
Tg may be measured by using methods described in the
following examples.

[0134] When Tg and Td satisfy these ranges, a manufac-
tured organic light-emitting device may have high resistance
to heat and high efficiency.

[0135] The material for the organic light-emitting device
may provide high charge mobility. The charge mobility may
be 1x107° square centimeters per volt (cm*/V) or greater, for
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example, 1x10™* square centimeters per volt (cm*V) or
greater, when measured by impedance spectroscopy.

[0136] The material for an organic light-emitting device
including the repeating unit (1) represented by Formula 1 may
be prepared by polymerizing an ethylenically unsaturated
monomer represented by Formula I:

Formula I

[0137] Insomeembodiments, in preparing the material for
the organic light-emitting device, a styrene derivative repre-
sented by Formula Ia may be used, but is not limited thereto:

/
x!

[0138] In Formulae I and Ia, R', A, and X may be under-
stood by referring to the description provided in connection
with Formula 1.

[0139] The styrene derivative used in preparing the mate-

Formula [a

rial for the organic light-emitting device may be one of
example monomers 1 to 170, but is not limited thereto:

7
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[0140] When the material for an organic light-emitting
device is a copolymer, the material may be prepared by poly-
merizing at least one selected from example monomers 1 to
170 and an ethylenically unsaturated monomer that consti-
tutes the residual repeating unit. In some embodiments, the
material may be prepared by using identical monomers or two
or more different monomers selected from example mono-
mers 1 to 170.

[0141] The monomers used in preparing the material for an
organic light-emitting device may be synthesized by using
known synthesis methods, and structures of the monomers
may be identified by, for example, NMR and LC-MS.

[0142] A polymerization method for the preparation of the
material for an organic light-emitting device is not limited,
and for example, a known polymerization method, such as
radical polymerization, anion polymerization, or cation poly-
merization, may be used.

[0143] A solvent for the polymerization in preparing the
material for an organic light-emitting device may be, for
example, selected from toluene, xylene, diethyl ether, chlo-
roform, ethyl acetate, methylene chloride, tetrahydrofuran,
acetone, acetonitrile, N,N-dimethylformamide, and dimeth-
ylsulfoxide. In some embodiments, the solvent may be tolu-
ene. These solvents may be used alone or two or more differ-
ent solvents may be used together.

[0144] A concentration of a monomer in the solvent (in the
case of a plurality of monomers, the concentration of total
monomers) may be in a range of 10 to 90 percent by weight
(wt %) based on a total reaction solution. For example, the
monomer concentration in the solvent may be ina range of 15
to 80 wt %, but is not limited thereto.

[0145] A polymerization temperature may be in a range of
4010 100 when the control of a molecular amount is taken into
consideration, but is not limited thereto.

[0146] A polymerization reaction may be performed for 30
minutes to 24 hours, but is not limited thereto.
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[0147] Once a monomer is added to the solvent, the solvent
may be subjected to deaeration before a polymerization ini-
tiator is added thereto. For example, the deaeration may be a
freeze deaeration, or a deaeration using inert gas, such as
nitrogen gas, but is not limited thereto.

[0148] The polymerization initiator may be any polymer-
ization initiator that is used in the art, and, for example, may
be selected from benzophenone, peroxide benzoyl, peroxide
acetyl, peroxide lauroyl, and azobisisobutyronitrile, but is not
limited thereto. An amount of the polymerization initiator
added thereto may be in a range of, for example, 0.0001 to 1
mole (mol), based on 1 mol of total monomers used in pre-
paring the material for an organic light-emitting device, but is
not limited thereto.

[0149] A synthesis method for the material for an organic
light-emitting device including the repeating unit (1) repre-
sented by Formula 1 may be apparent to one of ordinary skill
in the art by referring to the following Synthesis Examples.
[0150] The material for the organic light-emitting device
may be used in an organic light-emitting device. Accordingly,
another aspect provides an organic light-emitting device
including:

[0151] a first electrode;
[0152] a second electrode; and
[0153] an organic layer disposed between the first elec-

trode and the second electrode,

[0154] wherein the organic layer includes the material
for the organic light-emitting device. When long
lifespan and high efficiency ofthe organic light-emitting
device are taken into consideration, the material for the
organic light-emitting device may be included in at least
one of a hole injection layer and a hole transport layer.

[0155] FIG. 1 is a cross-sectional view of an organic light-
emitting device 100 according to an example embodiment.
[0156] The organic light-emitting device 100 of FIG. 1
includes the structure of a first electrode 120/hole injection
layer 130/hole transport layer 140/emission layer 150/elec-
tron transport layer 160/electron injection layer 170/second
electrode 180, but the structure thereof is not limited thereto.
In some embodiments, the organic light-emitting device 100
may have a structure of first electrode/single film having a
hole injection capability and a hole transport capability/emis-
sion layer/electron transport layer/second electrode or first
electrode/single film having a hole injection capability and a
hole transport capability/emission layer/electron transport
layer/electron injection layer/second electrode.

[0157] The organic light-emitting device 100 may be a top
emission-type device or a bottom emission-type device.
[0158] Hereinafter, the organic light-emitting device 100
according to the present embodiment will be described below
with reference to FIG. 1.

[0159] The organic light-emitting device 100 includes a
substrate 110, the first electrode 120 disposed on the substrate
110, the hole injection layer 130 disposed on the first elec-
trode 120, the hole transport layer 140 disposed on the hole
injection layer 130, the emission layer 150 disposed on the
hole transport layer 140, the electron transport layer 160
disposed on the emission layer 150, the electron injection
layer 170 disposed on the electron transport layer 160, and the
second electrode 180 disposed on the electron injection layer
170.

[0160] The substrate 110 may be a substrate that is used in
a conventional organic light-emitting device. For example,
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the substrate 110 may be a glass substrate, a semiconductor
substrate, or a transparent plastic substrate.

[0161] The first electrode 120 may be, for example, an
anode, and may be formed on the substrate 110 by, for
example, deposition or sputtering. For example, the first elec-
trode 120 may be formed as a transmissive electrode by using
a metal, an alloy, or a conductive compound, each of which
has a large work function. The first electrode 120 may
include, for example, indium tin oxide (ITO), indium zinc
oxide (IZ0O), tin oxide (SnQ,), zinc oxide (Zn0), each of
which has transparency and high conductivity. In some
embodiments, the first electrode 120 may be formed as a
reflective electrode by using magnesium (Mg) or aluminum
(Al).

[0162] The hole injection layer 130 may have promote
hole-injection from the first electrode 120, and may be
formed on the first electrode 120 by, for example, vacuum
deposition, spin coating, or ink-jetting. The hole injection
layer 130 may have a thickness of about 10 nanometers (nm)
to about 1,000 nm, for example, about 10 nm to about 100 nm.
[0163] The hole injection layer 130 may be formed by
using, instead of the material for an organic light-emitting
device including the repeating unit (1) of Formula 1, a known
material. Examples of such a known material are a phthalo-
cyanine compound, such as N,N'-diphenyl-N,N'-bis-[4-(phe-
nyl-m-tolyl-amino)-phenyl]-biphenyl14,4'-diamine
(DNTPD), or copper phthalocyanine; 4,4',4"-tris(3-methyl
phenyl amino) triphenyl amine (m-MTDATA), N,N'-di(1-
naphthyl)-N, N'-diphenylbenzidine (NPB), 4,4',4"-tris{N,N-
diphenylamino }triphenyl amine (TDATA), 4,4',4"-tris(N,N-
2-naphthylphenylamino) triphenyl amine (2-TNATA), PANT/
DBSA (polyaniline/dodecylbenzenesulfonic acid:
polyaniline/dodecylbenzenesulfonic  acid), PEDOT/PSS
(poly(3,4-cthylenedioxythiophene)/poly(4-styrene-
sulfonate)), PANI/CSA (polyaniline/camphor sulfonic acid),
and PANI/PSS (polyaniline)/poly(4-styrenesulfonate)).
[0164] When the material for an organic light-emitting
device is included in a hole injection layer, the amount of the
material may be in a range of 50 to 100 wt % (dry weight), for
example, 90 to 100 wt % (dry weight), based on the total
weight of the hole injection layer.

[0165] The hole transport layer 140 may include a hole
transport material that has a hole-transport capability, and
may be formed on the hole injection layer 130 by vacuum
deposition, spin coating, or ink-jetting. The hole transport
layer 140 may have a thickness of about 5 nm to about 500
nm, for example, about 100 nm to about 250 nm. The hole
transport layer 140 may be formed by using, instead of the
material for an organic light-emitting device including the
repeating unit (1) of Formula 1, a known material. Examples
of such a known material are a carbazole derivative, such as
N-phenyl carbazole, polyvinylcarbazole; TPD (N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-diamine),
TCTA (4,4',4"-tris(N-carbazolyl)triphenylamine), and NPB
(N,N'-bis(naphthalen-2-y1)-N,N'-bis(phenyl)-benzidine).
[0166] When the material for an organic light-emitting
device is included in a hole transport layer, the amount of the
material may be in a range of 50 to 100 wt % (dry weight), for
example, 90 to 100 wt % (dry weight), based on the total
weight of the hole transport layer.

[0167] The emission layer 150 may be an emission layer
that emits phosphorescent light or fluorescent light, and may
be formed on the hole transport layer 140 by vacuum depo-
sition, spin coating, or ink-jetting. The emission layer 150
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may include a host material and a dopant material, or may
include the material for an organic light-emitting device
including the repeating unit (1) represented by Formula 1.
The emission layer 150 may have a thickness of about 10 nm
to about 100 nm, for example, about 20 nm to about 60 nm.
[0168] The emission layer 150 may include other host
materials, and examples thereof are Alg, (tris(8-quinolino-
late)aluminum), CBP  (4,4'-N,N'-dicarbazole-biphenyl),
PVK (poly(n-vinylcarbazole)), ADN (9,10-di(naphthalene-
2-yl)anthracene), TCTA, TPBI (1,3,5-tris(N-phenylbenzimi-
dazole-2-yl)benzene, 1,3,5-tris(N-phenylbenzimidazole-2-
vl)benzene), TBADN (3-tert-butyl-9,10-di(naphth-2-yI)
anthracene), DSA (distyrvlarylene), dmCBP (4.4'-bis(9-
carbazol)-2,2'-dimethylbiphenyl), and 2,4,6-tris
(diphenylamino)-1,3,5-triazine.

[0169] The emission layer 150 may be formed as an emis-
sion layer emitting a particular color of light. For example, the
emission layer 150 may be formed as a red emission layer, a
green emission layer, and a blue emission layer.

[0170] When the emission layer 150 is a blue emission
layer, a blue dopant used herein may be aknown material, and
examples thereof are a perilene and a derivative thereof, and
a iridium (Ir) complex, such as bis[2-(4,6-difluorophenyl)
pyridinate]picolinateiridium(IIT) (Flrpic).

[0171] When the emission layer 150 is a red emission layer,
a red dopant used herein may be a known material, and
examples thereof are rubrene and a derivative thereof, DCM
(4-(dicyanomethylene)-2-methyl-6-[ p-(dimethylamino)
styryl]-4H-pyran, 4-(dicyanomethylene)-2-methyl-6-[p-
(dimethylamino)styryl]-4H-pyran) and a derivative thereof;
an iridium complex, such as Ir(piq),(acac) (Bis(1-phenyliso-
quinoline)(acetylacetonate)iridium(11I)); osmium (Os) com-
plex, and platinum complex.

[0172] When the emission layer 150 is a green emission
layer, a green dopant used herein may be a known material.
Examples thereof are coumarin and a derivative thereof; and
an iridium complex, such as tris(2-phenylpyridine) iridium
(II1) (ir(ppy),).

[0173] When the material for an organic light-emitting
device is included in an emission layer, the amount of the
material may be in a range of 50 to 100 wt % (dry weight), for
example, 90 to 100 wt % (dry weight), based on the total
weight of the emission layer.

[0174] The electron transport layer 160 includes an elec-
tron transport material that has an electron-transport capabil-
ity, and may be formed on the emission layer 150 by vacuum
deposition, spin coating, or ink-jetting. The electron transport
layer 160 may have a thickness of about 10 nm to about 100
nm, for example, about 15 nm to about 50 nm. The electron
transport layer 160 may be formed by using, instead of the
material for an organic light-emitting device including the
repeating unit (1) of Formula 1, a known electron transport
material. Examples thereof are Li complex, such as lithium
quinolate (LiQ); a quinoline derivative, such as tris(8-quino-
linato)aluminum (Alg,); 1,2,4-triazole derivative (TAZ), bis
(2-methyl-8-quinolinolato)-(p-phenylphenolat)-aluminum
(BAlq), and beryllium bis(benzoquinoline 10-clat) (BeBg,).
[0175] When the material for an organic light-emitting
deviceisincluded in an electron transport layer, the amount of
the material may be in a range of 50 to 100 wt % (dry weight),
for example, 90 to 100 wt % (dry weight), based on the total
weight of the electron transport layer.

[0176] The electron injection layer 170 may promote elec-
tron-injection from the second electrode 180, and may be
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formed on the electron transport layer 160, by for example,
vacuum deposition. The electron injection layer 170 may
have a thickness of about 0.1 nm to about 10 nm, for example,
about 0.3 nm to about 9 nm. The electron injection layer 170
may be formed by using, instead of the material for an organic
light-emitting device including the repeating unit (1) of For-
mula 1, a known electron transport material. Examples of
such a known electron transport material are lithium fluoride
(LiF), sodium chloride (NaCl), cesium fluoride (CsF),
lithium oxide (Li,0), and barium oxide (BaO).

[0177] When the material for an organic light-emitting
device is included in an electron injection layer, the amount of
the material may be in a range of 50 to 100 wt % (dry weight),
for example, 90 to 100 wt % (dry weight), based on the total
weight of the electron injection layer.

[0178] The second electrode 180 may be, for example, a
cathode, and may be formed on the electron injection layer
170 by deposition or sputtering. For example, the second
electrode 180 may be formed as a reflective electrode by
using a metal, an alloy of the metal, or a conductive com-
pound, each of which has a low work function. The second
electrode 180 may be formed by using, for example, lithium
(L), magnesium (Mg), aluminum (Al), aluminum-lithium
(Al—Li), calcium (Ca), magnesium-indium (Mg—In), or
magnesium-silver (Mg—Ag). In some embodiments, the sec-
ond electrode 180 may be formed as a transmissive electrode
by using indium tin oxide (ITO) or indium zinc oxide (1Z0).

[0179] Hereinbefore, an example of the organic light-emit-
ting device 100 according to an embodiment has been
described. However, the structure of the organic light-emit-
ting device 100 is not limited thereto. The organic light-
emitting device 100 according to an embodiment may have
various other known structures for an organic light-emitting
device. For example, the organic light-emitting device 100
may include only one layer selected from the hole injection
layer 130, the hole transport layer 140, the electron transport
layer 160, and the electron injection layer 170. In some
embodiments, layers constituting the organic light-emitting
device 100 may each be a single layer or have a multi-layered
structure.

[0180] Theorganic light-emitting device 100 may include a
hole blocking layer between the hole transport layer 140 and
the emission layer 150 to prevent diffusion of triplet excitons
or holes into the electron transport layer 160. The hole block-
ing layer may be formed by using, for example, an oxadiazole
derivative, a triazole derivative, or a phenanthroline deriva-
tive.

[0181] A C,-C,alkyl group as used herein refers to a linear,
branched, or cyclic aliphatic hydrocarbon monovalent group
having 1 to 6 carbon atoms. Examples thereof are a methyl
group, an ethyl group, a propyl group, an iso-propyl group, a
cyclopropyl group, an n-butyl group, a sec-butyl group, a
tert-butyl group, a cyclobutyl group, an n-pentyl group, an
isopentyl group, a sec-pentyl group, a tert-pentyl group, a
neopentyl group, a cyclopentyl group, an n-hexyl group, an
1so-hexyl group, and a cyclohexyl group.

[0182] Hereinafter, Synthesis Examples and Examples will
be provided to illustrate a material for an organic light-emit-
ting device according to embodiments and an organic light-
emitting device according to embodiments. However, Syn-
thesis Examples and Examples do not limit the scope of the
present inventive concept.
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EXAMPLE

[0183] Synthesis Examples provide various analyses per-
formed by using the following methods.

[0184] (1) Measuring Number Average Molecular Amount
and Weight Average Molecular Weight

[0185] Number average molecular amount (Mn) is mea-
sured by using polystyrene as standard material and degree of
dispersion

[0186] The degree of dispersion (Mw/Mn) was measured
by GPC (a product of Shimadzu Corporation, product name:
LC-20AD). 20 microliters (uL) of a solution that had been
prepared by dissolving a target polymer in tetrahydrofuran
(THF) in such a way that the concentration of the target
polymerwas about 0.05 percent by weight (wt %), was loaded
into GPC. THF was used as a mobile phase for GPC, and
provided at a flow rate of 1.0 milliliters per minute (mI/min).
A column used herein was PLgel MIXED-B (available from
PolymerLabs Company). A detector used herein was a UV-
VIS detector (a product of Shimadzu Corporation, product
name: SPD-10AV).

[0187] (2) NMR Measurement

[0188] Unless described otherwise, NMR was measured as
follows: 5 milligrams (mg) to 20 mg of a target sample was
dissolved in about 0.5 milliliters (mL) of a deuterium chlo-
roform, and measured by NMR (a product of BRUKER, Inc.,
product name: AVANCE 111 300).

[0189] (3) LC-MS Measurement

[0190] A molecular weight was measured by using LC-MS
(a product of Agilent Technology Company, product name:
Agilent6130B). A mobile phase as used herein was a mixture
of MeOH, water, and THF at a volumetric ratio of 70:5:25. A
dry gas temperature was 280", and a dry gas flow amount was
6.0 liters per minute (I/min). Ionization was performed by
APCIL

[0191]

[0192] A glass transition temperature (C) was measured by
using DSC (a product of Seiko Instruments Inc., product
name: DSC6000). Polymers were heated in an argon atmo-
sphere at a temperature incremental rate of 10 per minute,
from30° C. to 250° C., and then, were rapidly cooled down to
50° C. Then, the glass transition temperature (° C.) was mea-
sured at a temperature incremental rate of 10° (per minute up
to the temperature of 250° C.

[0193]

[0194] A 5% weight decrease temperature (Td) was mea-
sured by using TG/DTA (a product of Seiko Instruments Inc.,
product name: TG/DTA6000). Polymers were heated in an
argon atmosphere at a temperature incremental rate of 10° C.
per minute, from 30° C. to 500° C.

(4) Glass Transition Temperature Measurement

(5) 5% Weight Decrease Temperature Measurement

Synthesis Example 1

Synthesis of Monomer A

[0195] The following Reaction Scheme shows a synthesis
method for monomer A (different ethylenically unsaturated
monomer 1):
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Pd(dpph)Cly+CH,Cl, NaOtBu
Toluene
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monomer A

[0196] 4-bromo-4'4"-dimethyltriphenyl amine (10.0
grams (g)), 4-butylaniline (4.66 g), [1,1'-bis(diphenylphos-
phino)ferrocene]dichloropalladium (1.16 g), sodium tert-bu-
toxide (3.00 g), and toluene (330 mL) were loaded into a 4
neck-flask in the argon atmosphere, and heated at a tempera-
ture of 110 for 2 hours. The mixture was cooled to room
temperature, and the undissolved material was separated
therefrom by filtration thorough celite. A solvent was
removed from the residual solution by reduced pressure dis-
tillation, and the resultant was purified by column chroma-
tography to obtain N-(4-butyl phenyl)-N'N'-dia-(p-tolyl)
benzene-1,4-diamine (7.56 g).

[0197] N-(4-butyl phenyl)-N',N'-dia-(p-tolyl)benzene-1,4-
diamine (2.00 g), 4-bromostyrene (0.900 g), bis(tri-tert-bu-
tylphosphine)palladium(0.121 g), sodium tert-butoxide
(0.914 g), and toluene (100 mL) were loaded into a 4 neck-
flask in the argon atmosphere and heated at a temperature of
110° C. for 6 hours. The mixture was cooled 10 room tem-
perature, and the undissolved material was separated there-
from by filtration thorough celite. A solvent was removed
from the residual solution by reduced pressure distillation,
and the resultant was purified by column chromatography and
recrystallization to obtain 1.76 g of monomer A.
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[0198] Structural analysis results of monomer A are as fol-
lows:
[0199] 'H-NMR (300 MHz/CDCl,, & (ppm): 7.29~6.95

(m, 24H), 6.66 (dd, 1), 5.62 (d, 1H), 5.14 (d, 1H), 2.58 (1,
2H), 232 (s, 6H), 1.64~1.59 (m, 2H), 1.42~135 (m, 2H),
0.98 (t, 3H).

[0200] LC-MS (APCI-Positive, m/z): [M+H]*
525.

=523, 524,

Synthesis Example 2

Synthesis of Monomer B

[0201] The following Reaction Scheme shows a synthesis
method for monomer B (different ethylenically unsaturated

monomer 2):
Q v

Pdy(dba)s, Pitert-Bu)z*HBf, NaOtBu

Br

Toluene
NBS
—_
N DMF
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Br
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N
AN
o
monomer B

[0202] Aniline (2.79 g), 4-bromobenzocyclobutene (11.5
2), tris(dibenzylideneacetone)dipalladium (0.549 g), tri-tert-
butyl phosphonium bromide tetrafluoroborate (0.696 g),
sodium tert-butoxide (8.55 g), and toluene (150 mL) were
loaded into a 4 neck-flask in the argon atmosphere and heated
at a temperature of 110° C. for 2 hours. The mixture was
cooled to room temperature, and the undissolved material
was separated therefrom by filtration thorough celite. A sol-
vent was removed from the residual solution by reduced
pressure distillation, and the resultant was purified by column
chromatography to obtain N-(bicyclo[4.2.0]octa-1,3,5-
triene-3-y1)-N-phenyl-bicyclo[4.2.0]octa-1(6),2,4-triene-3-
amine (9.16 g).

[0203] N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-phenyl-
bicyclo[4.2.0]octa-1(6),2 4-triene-3-amine  (6.12 g) and
DMF (41.2 mL) were loaded into a 4 neck-flask in the argon
atmosphere and then cooled using iced water. N-bromosuc-
cinimide (3.67 g) dissolved in DMF (20.6 mL) was added
dropwise thereto, and the resultant was stirred for 2 hours.
Toluene (150 mL) was added thereto, followed by washing
using water and drying using magnesium sulfate. A solvent
was removed from the residual solution by reduced pressure
distillation, and the resultant was purified by column chro-
matography to obtain N-(bicyclo[4.2.0]octa-1,3, 5-triene-3-
y1)-N-(4-bromophenyl)bicyclo[4.2.0]octa-1(6),2,4-triene-3-
amine (7.08 g).

[0204] N-(bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N-(4-bro-
mophenyl)bicyclo[4.2.0]octa-1(6),2,4-triene-3-amine (4.88
2), 4-butylaniline (2.12 g), [1,1'-bis(diphenylphosphino)fer-
roceneldichloropalladium (0.424 ¢), sodium tert-butoxide
(2.50 g), and toluene (70 mL) were loaded into a 4 neck-flask
in the argon atmosphere and heated at a temperature of 120°
C. for 6 hours. The mixture was cooled to room temperature,
and the undissolved material was separated therefrom by
filtration thorough celite. A solvent was removed from the
residual solution by reduced pressure distillation, and the
resultant was purified by column chromatography and recrys-
tallization to obtain (bicyclo[4.2.0Jocta-1(6),2,4-triene-3-yl1)
N1-bicyclo[4.2.0]octa-1,3,5-triene-3-y1)-N4-(4-butylphe-
nyl)benzene-1,4-diamine (2.98 g).

[0205] (Bicyclo[4.2.0]octa-1(6),2,4-triene-3-y1)N1-bicy-
clo[4.2.0]octa-1,3,5-triene-3-y1)-N4-(4-butylphenyl)ben-
zene-1,4-diamine (2.00 g), 4-bromostyrene (0.640 mL), bis
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(tri-tert-butylphosphine)palladium (0.0476 g), sodium tert-
butoxide (0.850 g), and toluene (23 mL) were loaded into a 4
neck-flask in the argon atmosphere and then heated at a tem-
perature of 110° C. for 6 hours. The mixture was cooled to
room temperature, and the undissolved material was sepa-
rated therefrom by filtration thorough celite. A solvent was
removed from the residual solution by reduced pressure dis-
tillation, and the resultant was purified by column chroma-
tography and recrystallization to obtain 2.14 g of monomer B.

[0206] Structural analysis results of monomer B are as fol-
lows:
[0207] 'H-NMR (300 MHz/CDCL,, & (ppm): 7.6~6.7 (br,

241), 6.67 (dd, 1H), 5.61 (d, 1H), 5.10 (d, 1H), 3.09 (s, SH).
2.8~2.2 (br, 2H), 1.61~1.56 (m, 2H), 1.36 (q, 2H), 0.93 (.
3H).

[0208] LC-MS (APCI-Positive, m/z): [M+H]"=546, 547,
548, 549.
Synthesis Example 3
Synthesis of Monomer C
[0209] The following Reaction Scheme shows a synthesis

method for monomer C (different ethylenically unsaturated

monomer 3):
H;C NH,
Pd(OAc),, DPPF, t-BuONa

Toluene

s v s

_
Pd(t-BuzP),, t-BuONa
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H;C CH;

Br /
HN N
Pd(t-BuyP),, t-BuONa
Toluene
HiC CH;
HC CH;

monomer C
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[0210] 4-dibromobenzene (66.1 g), 4-methyl aniline (90.3
2), bisdiphenylphosphinylferrocene (15.7 g), palladium
acetate (3.20 g), sodium tert-butoxide (80.7 g), and toluene
(680 mL) were loaded into a 4 neck-flask in the argon atmo-
sphere and then heated at a temperature of 110° C. for 15
hours. The mixture was cooled to room temperature, a satu-
rated ammonium chloride aqueous solution (1,000 mL) was
added thereto, and an extraction process was performed
thereon by using ethyl acetate. The resultant was washed
using a saturated saline solution and dried using magnesium
sulfate. A solvent was removed therefrom by reduced pres-
sure distillation, thereby obtaining a solid. The solid was
washed by using hexane, and purified by column chromatog-
raphy. The undissolved material was separated therefrom by
filtration through celite. The solvent was removed from the
residual solution by reduced pressure distillation and the
resultant was purified by column chromatography, thereby
obtaining N,N'-bis(4-methylphenyl)-1,4-phenylenediamine
(50.6 g).

[0211] N,N'-bis(4-methylphenyl)-1,4-phenylenediamine
(2.50 g), 4-bromobenzocyclobutene (1.59 g), bis(tri-tert-bu-
tylphosphine)palladium (0.0890 g), sodium tert-butoxide
(1.67 g), and toluene (43 mL) were loaded into a 4 neck-flask
in the argon atmosphere and heated at a temperature of 110
for 6 hours. The mixture was cooled to room temperature, and
the undissolved material was separated therefrom by filtra-
tion thorough celite. A solvent was removed from the residual
solution by reduced pressure distillation, and the resultant
was purified by column chromatography and recrystallization
to obtain N1-(bicyclo[4.2.0]octa-1(6),2,4-triene-3-y1)-N1,
N4-dia-4-trylbenzene-1,4-diamine (1.35 g).

[0212] N1-(bicyclo[4.2.0Jocta-1 (6),2,4-triene-3-y1)-N1,
N4-dia-4-trylbenzene-1,4-diamine (1.35 g), 4-bromostyrene
(0.44 mL), bis(tri-tert-butylphosphine)palladium (0.0349 g),
sodium tert-butoxide (0.649 g), and toluene (17 mL) were
loaded into a 4 neck-flask in the argon atmosphere and heated
at a temperature of 110° C. for 5 hours. The mixture was
cooled to room temperature, and the undissolved material
was separated therefrom by filtration thorough celite. A sol-
vent was removed from the residual solution by reduced
pressure distillation, and the resultant was purified by column
chromatography and recrystallization to obtain monomer C

(0.500 g).

[0213] Structural analysis results of monomer C are as fol-
lows:

[0214] 'H-NMR (300 MHz/CDCl,, & (ppm): 7.6~6.7 (br,
19H), 6.64 (dd, 1H), 5.60 (d, 1H), 5.11 (d, 1H), 3.10 (s, 4H),
2.31 (s, 6H).

[0215] LC-MS (APCI-Positive, m/z): [M+H]"=493, 494,

495.
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Synthesis Example 4

Synthesis of Monomer D

[0216] The following Reaction Scheme shows a synthesis
method for monomer D (different ethylenically unsaturated
monomer 4):

o O

Pd(PPhy), K,CO3, THF, ILO

AN

monomer D

[0217] 2-bromo-9,9"-spirobi[fluorene] (5.00 g), 4-vinyphe-
nylboronic acid (2.24 g), tetrakis(triphenylporphine)palla-
dium (0.731 g), potassium carbonate (3.50 g), THF (50 mL)
and H,O (13 mL) were loaded into a 4 neck-flask in the argon
atmosphere and heated at a temperature of 65° C. for 8 hours.
The mixture was cooled to room temperature, and the undis-
solved material was separated therefrom by filtration thor-
ough celite. A solvent was removed from the residual solution
by reduced pressure distillation, and the resultant was purified
by column chromatography to obtain monomer D (4.45 g).

[0218] Structural analysis results of monomer D are as
follows:
[0219] 'H-NMR (300 MHz/CDCl,, 8 (ppm): 7.94~7.81

(m,4H),7.67-7.63 (m, 1H), 7.43-7.37 (m, 6H), 7.17~7.11 (m,
3H), 6.97~6.74 (m, 2H), 5.73 (dd, 1H), 5.34 (d, 1H), 5.22 (d,

1H).
[0220] LC-MS (APCI-Positive, m/z): [M+H] =418, 419,
420, 421.
Synthesis Example 5
Synthesis of Example Monomer 28
[0221] The following Reaction Scheme shows a synthesis

method for example monomer 28:

E
B | \\F
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~
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Br T T, PdidpphCL-CHCl
Br EN, 1-Propanol
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-continued

Ao

[0222] TIronchloride (IIT) (450 mg) and bromobenzene (108
g) were loaded into a 4 neck-flask in the argon atmosphere,
and heated at a temperature of 60° C. for 10 minutes. 1,3-
dibromoadamantane (40.2 g) dissolved in bromobenzene
(215 g) was added dropwise thereto, and the mixture was
stirred at a temperature of 60° C. for 4 hours. The resultant
was cooled to room temperature, and then water (300 mL)
was added thereto, and then an extraction process was per-
formed thereon by using toluene, and an organic layer was
washed by using a saturated saline solution. The resultant was
dried by using sodium sulfate, and a solvent was removed
therefrom by reduced pressure distillation to obtain a crude
product. The crude product was re-crystallized to obtain 1,3-
bis(4'-bromophenyl)adamantane (32.3 g).

[0223] 1,3-bis(4'-bromophenyl)adamantane (3 g), potas-
sium trifluorovinylborate (0.901 g), bis(tri-tert-butylphos-
phine)palladium (0.220 g), triethylamine (0.680 g), 1-pro-
panol (20 mL), and toluene (80 mL) were loaded into a 4
neck-flask in the argon atmosphere, and heated at a tempera-
ture of 110° C. for 6 hours. The mixture was cooled to room
temperature, and the undissolved material was separated
therefrom by filtration through celite. A solvent was removed
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example monomer 28

from the residual solution by reduced pressure distillation to
obtain 1-(4'-bromophenyl)-3-(4'-vinyl phenyl)-adamantane
(1.25g).

[0224] N-(4-butylphenyl)-N, N'-dia-p-tolyla benzene)1,4-
diamine (1.50 g), 1-(4'-bromophenyl)-3-(4'-vinylphenyl)-
adamantane (1.25 g), bis(tri-tert-butylphosphine)palladium
(0.0680 g), sodium tert-butoxide (0.512 g), and toluene (55
mL) were loaded into a 4 neck-flask in the argon atmosphere,
and heated at a temperature of 110° C. for 6 hours. The
mixture was cooled to room temperature, and the undissolved
material was separated therefrom by filtration through celite.
A solvent was removed from the residual solution by reduced
pressure distillation, and the resultant was purified by column
chromatography and recrystallization to obtain 0.6 g of
example monomer 28.

[0225] Structural analysis results of example monomer 28
are as follows:
[0226] 'H-NMR (300 MH#/CDCl,, 8 (ppm): 7.36~6.91

(m, 24H), 6.53 (dd, 1H), 5.71 (d, 1H), 5.19 (d, 1H), 2.57~2.52
(m, 2H), 2.29 (s, 6H), 1.77 (br, 10H), 1.58~1.56 (m, 2H),
1.37~1.34 (m, 2H), 1.21 (d, 2H), 0.93 (1, 3H).

[0227] LC-MS (APCl-Positive, m/z): [M+H]*=733, 734,
735.
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Synthesis Example 6
Synthesis of Example Monomer 126
[0228] The following Reaction Scheme shows a synthesis

method for example monomer 126:

. SsPial
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Example 2

Synthesis of Polymer 2

[0234] Example monomer 28 (0.650 g), monomer C
(0.0526 g), azo bisisobutyronitrile (1.70 pg), and toluene

AP

QO
9 A Q

example monomerl26

Toluene

[0229] 9,9'-spiro(a fluorene-2-yl)boronic acid (1.10 g),
1-(4'-bromophenyl)-3-(4'-vinylphenyl)-adamantane (1.00 g),
tetrakis(triphenylphosphine)palladium(0.0294 g), 2 molar
(M) sodium carbonate aqueous solution (10 mL), and xylene
(30 mL) were loaded into a 4 neck-flask in the argon atmo-
sphere, and heated at a temperature of 110° C. for 3 hours. The
mixture was cooled to room temperature. The mixture was
subjected to an extraction process using toluene, followed by
drying using sodium sulfate. Then, a solvent was removed
therefrom by reduced pressure distillation to obtain a crude
product. The crude product was re-crystallized by using THF
to obtain example monomer 126 (0.500 g).

[0230] Structural analysis results of example monomer 126
are as follows:
[0231] 'H-NMR (300 MHz/CDCl,, 8 (ppm): 7.89~6.62

(m, 24H), 5.70 (d, 1H), 5.19 (d, 1H), 2.33~2.24 (br, 2H),
2.01~1.96 (br, 2H), 1.96~1.85 (br, 8F1), 1.80~1.74 (br, 21).

[0232] LC-MS (APCI-Positive, m/z): [M+H]"™=628, 629,
630, 631.
Example 1
Synthesis of Polymer 1
[0233] Example monomer 28 (0.450 g), azobisisobutyroni-

trile (1.09 pg), and toluene (0.575 g) were loaded into a
Schlenk tube, and the mixture was three times subjected to
freeze deaeration. The resultant was heated at a temperature
of 70° C. for 6 hours. After cooling to room temperature, the
resultant was 5 times subjected to re-precipitation by using
THF as a good solvent and excess acetone/methanol (1/1,
volume to volume (v/v)) as a bad solvent, and the obtained
material was vacuum-dried to obtain polymer 1 (0.200 g). A
number average molecular amount (Mn) and a degree of
dispersion (Mw/Mn) of polymer 1 were 68,600 and 2.79,
respectively. A glass transition temperature (Tg) and 5%
weight decrease temperature (Td) of polymer 1 were 173° C.
and 436° C., respectively.

Pd(t-BusP)s, t-BuONa

L)
0

(0.937 g) were loaded into a Schlenk tube, and the mixture
was three times subjected to freeze deaeration. In this regard,
a molar ratio of example monomer 28 to monomer C was
90:10. The resultant was heated at a temperature of 70° C. for
6 hours. After cooling to room temperature, the resultant was
5 times subjected to re-precipitation by using THF as a good
solvent and excess acetone/methanol (1/1, v/v) as a bad sol-
vent, and the obtained material was vacuum-dried to obtain
polymer 2 (0.340 g) (the repeating unit (1) in an amount of 90
mole percent (mol %) of total constituting units). Mn and
Mw/Mn of polymer 2 were 43,500 and 3.21, respectively. Tg
and Td of polymer 2 were 152° C. and 433° C., respectively.

Example 3

Synthesis of Polymer 3

[0235] Example monomer 28 (1.40 g), monomer A (0.448
2), monomer D (0.293 g), monomer B (0.785 g), azobisisobu-
tyronitrile (0.0351 g), and toluene (7.78 g) were loaded into a
Schlenk tube, and the mixture was three times subjected to
freeze deaeration. The resultant was heated at a temperature
of 70° C. for 6 hours. After cooling to room temperature, the
resultant was 5 times subjected to re-precipitation by using
THF as a good solvent and excess acetone/methanol (1/1, v/v)
as a bad solvent, and the obtained material was vacuum-dried
to obtain polymer 3 (2.10 g) (the repeating unit (1) in an
amount of 50 mol % of total constituting units). Mn and
Mw/Mn of polymer 3 were 17,800 and 2.15, respectively. Tg
and Td of polymer 3 were 150° C. and 411° C., respectively.

Example 4

Synthesis of Polymer 4

[0236] Example monomer 126 (0.600 g), azobisisobuty-
ronitrile (6.52 pg) and toluene (1.09 g) were loaded into a
Schlenk tube, and the mixture was three times subjected to
freeze deaeration. The resultant was heated at a temperature
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of 70° C. for 6 hours. After cooling to room temperature, the
resultant was S times subjected to re-precipitation by using
THF as a good solvent and excess acetone/methanol (1/1, v/v)
as a bad solvent, and the obtained material was vacuum-dried
to obtain polymer 4 (0.288 g). Mn and Mw/Mn of polymer 4
were 6,300, and 2.48, respectively. Tg and Td of polymer 4
were 164° C. and 423° C., respectively.

Example 5

Synthesis of Polymer 9

[0237] Polymer 9 was prepared in the same manner as in
Example 3, except that monomer 126 (0.435 g) was used
instead of monomer D. Mn and Mw/Mn of polymer 9 were
20,800 and 2.25, respectively. Tg and Td of polymer 9 were
159° (and 421° C., respectively.

Comparative Example 1

Synthesis of Polymer 5

[0238] Monomer A (0.700 g), azobisisobutyronitrile (2.19
ug), and toluene (1.29 g) were loaded into a Schlenk tube, and
the mixture was three times subjected to freeze deaeration.
The resultant was heated at a temperature of 70° C. for 6
hours. After cooling to room temperature, the resultant was 5
times subjected to re-precipitation by using THF as a good
solvent and excess acetone/methanol (1/1, v/v) as a bad sol-
vent, and the obtained material was vacuum-dried to obtain
polymer 5 (0.510 g). Mn and Mw/Mn of polymer 5 were
4,100 and 2.46, respectively. Tg and Td of polymer 5 were
152° C. and 402° C., respectively.

Comparative Example 2

Synthesis of Polymer 6

[0239] Monomer A (0.65 g), monomer C (0.0613 g), azo-
bisisobutyronitrile (2.94 pg), and toluene (1.33 g) were
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was vacuum-dried to obtain polymer 6 (0.501 g). Mn and
Mw/Mn of polymer 6 were 39,200 and 2.27, respectively. Tg
and Td of polymer 6 were 131° C. and 409° C., respectively.

Comparative Example 3

Synthesis of Polymer 7

[0240] Monomer A (0.650 g), monomer D (8.93 mg),
monomer B (0.0467 g), azobisisobutyronitrile (8.76 mg), and
toluene (1.42 g) were loaded into a Schlenk tube, and the
mixture was three times subjected to freeze deaeration. In this
regard, a molar ratio of monomer A:monomer D:monomer B
was 90:2:8. The resultant was heated at a temperature of 70°
C. for 6 hours. After cooling to room temperature, the result-
ant was 5 times subjected to re-precipitation by using THF as
a good solvent and excess acetone/methanol (1/1, v/v) as a
bad solvent, and the obtained material was vacuum-dried to
obtain polymer 7 (0.58 g). Mn and Mw/Mn of polymer 7 were
55,000 and 3.04, respectively. Tg and Td of polymer 7 were
129° C. and 399° C., respectively.

Comparative Example 4

Synthesis of Polymer 8

[0241] Monomer D (0.700 g), azobisisobutyronitrile (13.7
pg) and THF (5.99 g) were loaded into a Schlenk tube, and the
mixture was three times subjected to freeze deaeration. The
resultant was heated at a temperature of 70 T for 6 hours. After
cooling to room temperature, the resultant was 5 times sub-
Jjected to re-precipitation by using THF as a good solvent and
excess acetone/methanol (1/1, v/v) as a bad solvent, and the
obtained material was vacuum-dried to obtain polymer 8
(0.420 g). Mn and Mw/Mn of polymer 8 were 5,800 and 2.24,
respectively. Tg and Td of polymer 8 were 139° C. and 402°
C., respectively.

TABLE 1
Number
Number of  average Glass 5% weight
repeating meolecular Degree of  transition decrease
units (1)  amount  dispersion temperature temperature
Polymer () (Mn) (Mw/Mn) °c) “C)

Example 1  polymer 1 261 68,600 2.79 173 436
Comparative polymer 5 19 4,100 2.46 152 402
Example 1

Example2  polymer 2 177 43,500 3.21 152 433
Comparative polymer 6 154 39,200 2.27 131 409
Example 2

Example3  polymer 3 31 17,800 2.15 150 411
Comparative polymer 7 293 55,000 3.04 129 399
Example 3

Example4  polymer 4 24 6,300 2.48 164 423
Comparative polymer 8 31 5,800 2.24 139 402
Example 4

Example 5 polymer 9 31 20,800 2.25 159 421

loaded into a Schlenk tube, and the mixture was three times [0242] Polymer 1, polymer 2, polymer 3, polymer 4, and

subjected to freeze deaeration. In this regard, a molar ratio of
monomer A to monomer C was 91:9. The resultant was heated
at a temperature of 70° C. for 6 hours. After cooling to room
temperature, the resultant was 5 times subjected to re-precipi-
tation by using THF as a good solvent and excess acetone/
methanol (1/1, v/v) as abad solvent, and the obtained material

polymer 9, each including the repeating unit (1) represented
by Formula 1, have a higher decomposition temperature than
polymer 5, polymer 6, polymer 7, and polymer 8. Accord-
ingly, polymer 2, polymer 3, polymer 4, and polymer 9 are
suitable for the material for an organic light-emitting device,
for example, a hole transport material. Polymer 1, polymer 2,
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polymer 3, polymer 4, and polymer 9, each including the
repeating unit (1) represented by Formula 1 may have high
decomposition temperature and high glass transition tem-
perature at the same time.

Exaniple 6

[0243] An organic light-emitting device having the struc-
ture of FIG. 1 was manufactured as follows.

[0244] Aholeinjection layer was formed by using PEDOT/
PSS (a product of Sigma-Aldrich Inc.) on an ITO glass sub-
strate including a stripe-type ITO (thickness of 150 nm).
Specifically, a solution obtained by filtering a suspension of
PEDOT/PSS through a 0.2 micrometers (um) membrane fil-
ter was used, and the solution was spin-coated to form a thin
film having a post-drying thickness of 30 nanometers (nm).
Then, the resultant was dried for 10 minutes on a hot plate at
a temperature of 200° C. to form a hole injection layer having
a thickness of 30 nm.

[0245] Then, polymer 2 (3 percent by weight (wt %) xylene
solution) was spin-coated on the hole injection layer in the
nitrogen atmosphere, and heat treated on a hot plate at a
temperature of 230° C. for 1 hour to form a hole transport
layer having a thickness of 110 nm.

[0246] Then, a xylene solution (solid content: 3 wt %)
including Compound PH-1 and PH-2 (mixed at a weight ratio
of 3:7) was a host and Compound PD-1 (10 wt % based on the
host) as a dopant were spin-coated on the hole transport layer,
and heat treated on a hot plate at a temperature of 100° C. for
30 minutes to form an emission layer having a thickness of 30
nm.

[0247] The resultant substrate including the emission layer
was introduced to a vacuum deposition device, and Alq, was
deposited thereon to form an electron transport layer having a
thickness of 36 nm, and LiF was deposited thereon to form an
electron injection layer having a thickness of 0.8 nm.

[0248] Subsequently, aluminum was deposited on the elec-
tron injection layer to form a cathode having a thickness of
100 nm, thereby completing manufacture of an organic light-
emitting device.

[0249] A voltage was applied to the organic light-emitting
device to identify green light emitted therefrom based on

iridium complex.
PH-1
I N N I
N,
/B
N
% =N
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-continued

PH-2

PD-1

Example 7

[0250] An organic light-emitting device was manufactured
in the same manner as in Example 6, except that polymer 9
was used instead of polymer 2.

Comparative Example 5

[0251] An organic light-emitting device was manufactured
in the same manner as in Example 6, except that polymer 6
was used instead of polymer 2.

Evaluation Example 1

Evaluating Organic Light-Emitting Device

[0252] A direct-current driving test was performed on the
organic light-emitting devices manufactured according to
Examples 6 and 7 and Comparative Example 5 at 1,000
candelas per square meter (cd/m*) to measure characteristics
and initial luminance thereof, and results thereof are shown in
Table 2. Time (driving lifespan) that elapses when the initial
luminance is reduced by 5% is shown in Table 2, and the
luminance was measured by using a luminance measuring
device (for example, SR-3: a product of Topcon Corporation).
A current efficiency (candelas per ampere, cd/A) was mea-
sured as follows: a current value (current density) per unit
area of the organic light-emitting device was calculated, and
luminance (cd/m?) was divided by the current value (current
density). Power efficiency was measured by using an external
quantum efficiency measuring device “C9920-12” (a product
of Hamamatsu Photonics Inc.).
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TABLE 2

Relative values obtained using Comparative
Example 5 as 1 (1000 cd/m?)

Power Driving
Polymer Current efficiency  efficiency  lifespan
Example 6  polymer 2 1.2 1.2 1.8
Example 7 polymer 9 1.3 1.3 2.1
Comparative polymer 6 1 1 1
Example 5
[0253] A material for an organic light-emitting device has

excellent electric characteristics and high thermal stability.
Accordingly, an organic light-emitting device including the
material may have high efficiency and a long lifespan.
[0254] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

[0255] While one or more exemplary embodiments have
been described with reference to the FIGURES, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the following claims.

What is claimed is:

1. A material for an organic light-emitting device, the mate-
rial comprising
a repeating unit represented by Formula 1:

Formula 1

wherein, in Formula 1,

R! is selected from a single bond, a phenylene group, and a
group represented by one of Formulae al to a9:

HC CH

al

a?

a3

66
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-continued
ad
{
4 AN
/\\ //\
as
N,
/ N\
/\\ //\
ab
HC  CHy
A
L7
a7
X?.Z
% ad
a9

<

~

A\
E/

"/

wherein, in Formulae al to a9,
R*isa C,-C, alkyl group,

X! and X*? are each independently selected from an oxy-

gen atom and a sulfur atom;

A is a divalent saturated aliphatic cyclic group; and

X' is a charge transport unit.
2. The material of claim 1, wherein

R! is selected from a phenylene group and a group repre-

sented by one of Formulae al to a9.

3. The material of claim 1, wherein

R' is selected from a phenylene group and a group repre-

sented by Formula al.
4. The material of claim 1, wherein
R' is a phenylene group.
5. The material of claim 1, wherein

A is selected from an adamantylene group, a diadamanty-
lene group, a triadamantylene group, a tetraadamanty-
lene group, a cyclopropylene group, a cyclobutylene
group, acyclopentylene group, a cyclohexylene group, a

bicyclo[2.1.0]pentyl group,

a bicyclo[3.1.0]hexyl

group, abicyclo[2.1.1Thexyl group, a bicyclo[4.1.0]hep-
tyl group, a bicyclo[2.2.1]heptyl group, and a pentacy-
clo [4.2.0.0°°.0>%.0*|octanyl group.
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6. The material of claim 1, wherein

A is selected from an adamantylene group, a diadamanty-
lene group, a triadamantylene group, and a tetraadaman-
tylene group.

7. The material of claim 1, wherein

X! is selected from an arylamine moiety, a fluorene moiety,
a carbazole moiety, a dibenzofurane moiety, a diben-
zothiophene moiety, each optionally forming a fused
ring system or a spito ring system; a fluorenone moiety,
a quinone moiety, an anthraquinone moiety, a diphe-
nylquinone moiety, a thiopyrandioxide moiety, an
oxazole moiety, an oxadiazole moiety, a triazole moiety,
an imidazole moiety, an anthrone moiety, a bipyridine
moiety, and a phenanthroline moiety.

8. The material of claim 1, wherein

X' is a group represented by one of Formulae b1 to b13:

bl
R313
Y2—N
_YII_N R312
R3ll
b2
R322
—YI—N
R321
b3
— Bl
b4
—y4H_yR_pH4l
b5
YSZ_R352
_YSI_N
R351
b6
R363 R362
b7
b8

b9
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-continued

b10

b1l

R312
Y52—I\/
/N
— Y —=N Y83=R3I3
\
R3111
b12
R3123
b13

N,

/ \ / \(Rmz_
R3BITT

e

wherein, in Formulae b1 to b13,
R311’ R312, R313, R321, R322, R331’ R341, R351, R352, R361,

362 R363 R371 R372 R381 R391 R3101 R3111 R3112
) s s s s B

El

R311’3 R3121 R3122 R3123 R3124. R3125 R3131 andR3132’
are each independently selected from a hydrogen atom,
a C,-Cy alkyl group, and a group represented by one of
Formulae c1 to c16:

cl

c2

c3
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-continued

68

c4

c5

cb

c7

c9

¢l0

cll

cl2
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-continued

wherein, in Formulae ¢l to ¢16,

pisOorl;and

cl4

cl5

clb

les le, ZZl, ZSI, Z41, Z42, ZSI, ZSZ, Z53’ Z61, Z62, Z71,
77, 7%, 7%, 7°', and 7°* are each independently
selected from a C, -C alkyl group, a methoxy group, and

a group represented by one of Formulae d1 to d7:

C

A
——alkyl
Vs

1*

/

\_
\\

d1

d2

d3

d4



US 2016/0181535 Al Jun. 23,2016

69
-continued -continued
ds Ré2! e5
N,
N —
N\
| ST

/

// L
NN 6
HC— | ——CH — 0 N
P A X J X

X | X
T 7
a S s
S N
a7 T / X
Q / P
N R431 8
—
( /§/\j
wherein, in Formulae d1 to d7, - e
alkyl indicates a C,-C alkyl group; _'/§/\j
&rll YIZ YZI Y31.Y41 Y42 Y51 YSZ Y61 Y6Z andY63 are l —_—
each independently a group represented by one of For- R‘é/
mulae el to el 1:
ell

o
P R®! R45}¢

2
R4ll R412 ¢
ell
R461 R462
\\ \/
e3 ﬂ\\ / / 7
HsC \CH3
wherein, in Formulae el to ell,
R411, R412, R421, R431, R441, R442, R451, R452« R461, and
R**? are each independently selected from a hydrogen
atom, a C,-C; alkyl group, a phenyl group, and a tolyl
ed

group.

9. The material of claim 8, wherein

X! is a group represented by one of Formulae b1 to b5, b8,
and bl11.

10. The material of claim 8, wherein

X! is a group represented by one of Formulae b1 and b11.
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11. The material of claim 1, wherein
the repeating unit represented by Formula 1 is represented
by Formula la:

Formula 1a

x!

wherein, in Formula 1a,

X' is the same as in Formula 1.

12. The material of claim 1, wherein

the material for the organic light-emitting device com-
prises 20 to 500 repeating units in total.

13. The material of claim 1, wherein

the material comprises the repeating unit represented by
Formula 1 in an amount of 10 to 100 mol %.

14. The material of claim 1, wherein

the material comprises the repeating unit represented by
Formula 1 in an amount of 30 to 100 mol %.

15. The material of claim 1, further comprising

a repeating unit represented by Formula 2:

Formula 2

RIO

(Xlo)q

wherein, in Formula 2,

R'® is the same as in Formula 1;

X' is the same as in Formula 1; and
qisOorl.
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16. The material of claim 1, wherein
the material for the organic light-emitting device is repre-
sented by Formula 3:

Formula 3

Rl 10
~ R
T | 10
x! X)q

wherein, in Formula 3,

R' and R'° are each independently defined as R" in For-
mula 1;

A is the same as A in Formula 1;

X" and X'? are each independently defined as X' in For-
mula 1;

qisOorl;

nis an integer of 20 to 500; and

m is an integer of 1 to 180.

17. The material of claim 16, wherein

n and m satisfy the condition of 0.1=n/(n+m)<1.

18. The material of claim 16, wherein

n and m satisfy the condition of 20=n+m=500.

19. An organic light-emitting device comprising:

a first electrode;

a second electrode; and

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

wherein the organic layer comprises the material of claim
1.

20. The organic light-emitting device of claim 19, wherein
the organic film comprises at least one layer selected from
a hole injection layer and a hole transport layer, and

the at least one layer comprises the material of claim 1.

L S S T
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