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(7) ABSTRACT

A compound for an organic light-emitting device repre-
sented by Formula 1:

Formula 1
[0) R

R— @ Da—A— L) —Rs

X

wherein, in Formula 1,

A, 1s selected from an aromatic group and an aromatic group

having extended m-conjugation,

R, is selected from hydrogen and a C,-Cq, alkyl group,

L, and L, are each independently selected from —O—,

—S—, a C;-C,, alkylene group, a C,-C,, oxyalkylene

group, and a C,-C,, thioalkylene group; and

aC,-C,, alkylene group, a C,-C,,, oxyalkylene group, and

a C,-C,, thioalkylene group, each substituted with at
least one selected from a C,-C,, alkyl group and a
C,-C,, alkoxy group,

nl and n2 are each independently selected from 0, 1, 2, 3, 4,

and 5,

R, and R; are each independently selected from hydrogen

and a first cross-linking group, provided that at least one of

R, and R; is the first cross-linking group, and

X is selected from —F, —Cl, —Br, and —1I.

P(FMA-r-NiPAM)

o, (%)

P(FMA-r-AM)

P(FMA-r-AP}

M—* P(FMA-r-AN}

P(FMA-r-vSC)




Patent Application Publication  Jun. 8,2017 Sheet 1 of 8 US 2017/0162789 A1

FIG. 1




Jun. 8,2017 Sheet 2 of 8 US 2017/0162789 A1

Patent Application Publication

(WU) HLONITIAYM
059 (009 0S5 005 OSY

wugls

M. 1 HOSW Ul Lvd ©

MLl ¥ HOSN Ul v9ig e
AVYO3Q sM 0G|
NOILVLIOXd wu 0S¢

Jo "DIA

('N'Y) ALISNIINI 1d QIZITYWHON

(WU) HIHNTTIAYM (Wu) HLONFTIAYM
0S9 009 0SS 00S O0Sy 0ov 0Sy S2b 00v G/€ 0GE G2€ 00€ 6.2
1 i 1 - 1 i E— 1 1 1 1 1 1 .IOO.o
(N8//°2) WU 1yt
= -20°0
=
. i L10°0
(A®2L°2) Wu &Gy =
A8Z/°2) WU GGy =
A ) = L00°0
>
s IN O
H_ﬂ/v 900
ig9- 0
010
IN+voIlg —— (HO®W) IN+VOIg —--—-
Ivaq — (HO®W ‘W, 0LXL2) LW ——
vaig (HOBW ‘W 0IXL' L) IV —
NOILVLIOX3 Wu 0sg (HOSIN ‘W ._0LXE6 D) Voig ——
dc "DIA Ve "DIAd

(L—UJOL~W 0 1X)
IN3I0144300 NOILONILXT HYION



Jun. 8,2017 Sheet 3 of 8 US 2017/0162789 A1

Patent Application Publication

00/ 099 009 0SS 009

(wu) HIDNITIAYM
0Sv” 007

wu g9

VINdd
VINdd

(

(%1M 2 1) d3doa-1va e
%.1M 0'L) d3d0Qa-voig ©
AY13Q sn 061
NOILYLIDX3 wu 0S¢

JE& "OId

ALISN3INI 1d A3ZITYWHON

(n'v)

VYWdd (%1Mm 27 1) a3d0a-1vd —

VA (%1M 0° 1) d3d0a-v9id
VIN4d

4t “OIdA

(dn 0x3) MO T¥IH

(Wu) HIDNTTIAYM

0GS 06§ 0GS 0S¢ 068

("N"Y) NOILdHOS8Y 3ZITYWHON

WNH1O3dS
NOILdHOS8Y d3103dX3 ———-
ONIMVYANNY 4314V —
ONIMVINNY 340439 ——
VAdd (%1Me" L) a3d0a-1ivd

Ve "Old



Jun. 8,2017 Sheet 4 of 8 US 2017/0162789 A1

Patent Application Publication

(%) YWAX x 001 (%) WX x 001
00L 08 09 OF 02 O 00L 08 09 O 0Z O
1 N 1 N 1 N 1 N 1 N 1 D@ N ) 1 1 1 1 OO
G0
- 04 0|
-G L
08 o - 8
& N
[ 06 A
-0'¢
L 001 -G'¢
0y
Ivq —e— Ivaq —e—
voig —o— voig —o—
AL "DIA HE "DIA

(%) YWX « 001

oﬁ_: o_w 09 0o 02 O

1 2 1 1 1 1 1 o

(%M 2 1) Lva —e—
(%M 0" 1)}v9lg —Oo—

ae "Old



Jun. 8,2017 Sheet 5 of 8 US 2017/0162789 A1

Patent Application Publication

M) 1
00 0S¢ 002 0S4 00} 08

-0
MVWWWOOOOOO O o
°
oo-m - €
] L9 ._._¢
¢ =
S oI
- ¢l
Gl
Ivg e
voilg O
OV "DIA

M) 1
00€ 0S¢ 002 0S} 00 0S .
m.. - €
oe B
Qe
o -9
(o} L J L
00 ) ¢ ° - 6
© le) o 3
© oo 3l
Gl
Iva e
vaig ©
¥ "DIA

(0.) °1

M) 1
00€ 0S¢ 00¢ 0S+ 00L 0§

oz
oy
.uow
- 08

- 001

88°0=""X 18 (YWN-I-YINd)d Ul

(%1M 2 L) d3d0od -Lvg e
(% LM 0°1) d3d0d -v9ig ©

V¥ "Old

(%) ‘o



Jun. 8,2017 Sheet 6 of 8 US 2017/0162789 A1

Patent Application Publication

(,-M) L/o00!L (,-) L/0001 (,.M) L/0001
vl m_r o_F m_w m w 14 A" N__ o_r m_w m_w L_n ¢ 14! N__ o_r m_w m L_q
E.mc_Eou.mb_‘L‘Em,.__Eon c.v_ F . . ' ' . . E.wc_Eovwm_v_‘r‘Emb_Eouo_w_
.I_.O_‘ MM n.v IO._N
m [ ]
- * o9
A % &
- = S
0L X ..o 08 =
= lo o 38%s |oo
umO_‘ L
anND Y —— Ivq e 9AIND 1l ——
Ivg e v9.ig O ivad e
annN) I —— 8AIND H{ —
volg O valg o

AV "Old CRANIN ar "Old



Patent Application Publication  Jun. 8,2017 Sheet 7 of 8 US 2017/0162789 A1

FIG. 5A FIG. 5B
T
— kTs(BrGA)
0
-—=Krg
—— Kq(BréA) — kqs(DA1)
R 0
- koA Q.
SR y-intercept = Pq
186" collision frequency 10°4 o y-intercept = Prg
T 10%]
E 10 slope = - A—Eq
= 10 ks
10
107
101 I N 1 ! I M 1 M 101 ' I ' I \' I
0 2 4 6 8 0 2 4 6 8



Patent Application Publication  Jun. 8,2017 Sheet 8 of 8 US 2017/0162789 A1

FIG. 6
27 Bi6A
Y DA1
40 —
: ?
B é A
) = o — =z
1 & & 3 -~ I
1T § & T =
251 <|( N = T i —_
S 1 = L < 3
=~ 204 L o o >
e ] & 1 T § -
QT
154 N ; N %
0] B &
. 3 =
5_
: 7
0




US 2017/0162789 A1l

COMPOUND FOR ORGANIC
LIGHT-EMITTING DEVICE, CROSS-LINKED
MATERIAL THEREOF, AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING
CROSS-LINKED MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0174155, filed
on Dec. 8, 2015, in the Korean Intellectual Property Office,
the content of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to a compound for an
organic light-emitting device, a cross-linked material
thereof, and an organic light-emitting device including the
cross-linked material.

[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 high luminance, driving voltage, and response speed
characteristics, and produce full-color images.

[0006] Typical OLEDs include an anode, a cathode, and
an organic layer that is between the anode and the cathode
and 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 between the emission
layer and the cathode. Holes provided from the anode may
move toward the emission layer through the hole transport
region, and electrons provided from the cathode may move
toward the emission layer through the electron transport
region. Carriers, such as holes and electrons, recombine in
the emission layer to produce excitons. These excitons
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 is a compound for an organic light-
emitting device, a cross-linked material thereof, and an
organic light-emitting device including the cross-linked
material.

[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, a com-
pound for an organic light-emitting device is represented by
Formula 1:

Formula 1
0, Ry

R— (Ll)nl_Tl_(Ll)nZ_R3

X
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[0011] wherein, in Formula 1,
[0012] A, is selected from an aromatic group and an
aromatic group having extended m-conjugation,

[0013] R, is selected from hydrogen and a C,-C,, alkyl
group,
[0014] L, and L, are each independently selected from

—0—, —S—, a C,;-C,, alkylene group, a C,-C,,
oxyalkylene group, and a C,-C,, thioalkylene group;
and

[0015] a C,-C,, alkylene group, a C,-C,,, oxyalkylene
group, and a C,-C,, thicalkylene group, each substi-
tuted with at least one selected from a C,-C,, alkyl
group and a C,- C,, alkoxy group,

[0016] nl and n2 are each independently selected from
0,1,2,3,4,and 5,

[0017] R, and R, are each independently selected from
hydrogen and a first cross-linking group, provided that
at least one of R, and R is the first cross-linking group,

[0018] X is selected from —F, —Cl, —Br, and —1.

[0019] According to an aspect of another embodiment, a
cross-linked material of a compound for an organic light-
emitting device represented by Formula 1 and a polymer is
provided.

[0020] According to an aspect of still another embodi-
ment, an organic light-emitting device may include:

[0021] a first electrode;
[0022] a second electrode; and
[0023] an organic layer disposed between the first elec-

trode and the second electrode,
[0024] wherein the organic layer includes an emission
layer and at least one cross-linked material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0026] FIG. 1 is a schematic cross-sectional view illus-
trating an organic light-emitting device according to an
embodiment;

[0027] FIG. 2A is a graph of molar extinction coeflicientx
10° (reverse molar centimeters) versus wavelength (nano-
meters, nm) illustrating ultraviolet-visible (UV-Vis) absorp-
tion spectra of methanol solutions of Br6A, DAL, M1, and
Br6A/M1,;

[0028] FIG. 2B is a graph of photoluminescent (PL)
intensity (arbitrary units, a. u.) versus wavelength (nanome-
ters, nm) illustrating photoluminescence (PL) spectra of
methanol solutions of Br6A, DA1, and Br6A/M1;

[0029] FIG. 2C is a graph of normalized photoluminescent
(PL) intensity (arbitrary units, a. u.) versus wavelength
(nanometers, nm) illustrating PL spectra of methanol solu-
tions of Br6A and DAI at 77 Kelvins (K);

[0030] FIG. 3A is a graph of normalized absorption (arbi-
trary units, a. u.) versus wavelength (nanometers, nm)
illustrating UV-Vis absorption spectra of a Compound DA1-
doped PFMA film before and after thermal annealing;
[0031] FIG. 3B is a graph of heat flow (exo up) versus
temperature (degree Centigrade, ° C.) illustrating differential
scanning calorimetry (DSC) curves of a Compound Br6A-
doped PFMA film, a Compound DAl-doped PFMA film,
and a PFMA film;

[0032] FIG. 3C is a graph of normalized photoluminescent
(PL) intensity (arbitrary units, a. u.) versus wavelength
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(nanometers, nm) illustrating PL spectra of a Compound
Br6A-doped PFMA film and a Compound DAl-doped
PFMA film;

[0033] FIG. 3D is a graph of phosphorescence quantum
vield ¢, (percent, %) versus 100*x,,,,, (percent, %) illus-
trating phosphorescence quantum yield of a Compound
Br6A-doped P(FMA-r-MMA) film and a Compound DA1-
doped P(FMA-r-MMA) film at different X,,,,;

[0034] FIG. 3E is a graph of phosphorescence lifetime 7,
(milliseconds, ms) versus 100*X,,,, (percent, %) versus
100%X 1104, (percent, %) illustrating phosphorescence life-
time of a Compound Br6A-doped P(FMA-r-MMA) film and
a Compound DAl-doped P(FMA-r-MMA) film at different
Xamasa

[0035] FIG. 3F is a graph of glass transition temperature
T, (degree Centigrade, © C.) versus 100%x,,,, (percent, %)
illustrating glass transition temperature of a Compound
Br6A-doped P(FMA-r-MMA) film and a Compound DA1-
doped P(FMA-r-MMA) film at different x,,,,;

[0036] FIG. 4A is a graph of phosphorescence quantum
vield ¢, (percent, %) versus temperature (Kelvin, K), which
is a temperature-dependent plot of phosphorescence quan-
tum yield of a Compound Br6A-doped P(FMA-r-MMA)
film and a Compound DA1-doped P(FMA-r-MMA) film at
X, z4 of about 0.88;

[0037] FIG. 4B is a graph of phosphorescence temperature
Ty (degree Centigrade, © C.) versus temperature (Kelvin, K),
which is a temperature-dependent plot of phosphorescence
lifetime of a Compound BroA-doped P(FMA-r-MMA) film
and a Compound DAl-doped P(FMA-r-MMA) film at
Xnra of about 0.88;

[0038] FIG. 4C is a graph of fluorescence quantum yield
¢ (percent, %) versus temperature (Kelvin, K), which is a
temperature-dependent plot of fluorescence quantum yield
of a Compound Bré6A-doped P(FMA-r-MMA) film and a
Compound DA1l-doped P(FMA-r-MMA) film at x,,,, of
about 0.88;

[0039] FIG. 4D is a graph of (1-¢) value (percent, %)
versus reverse temperature 1,000/T (reverse Kelvins, K1),
which is a temperature-dependent plot of a Compound
Br6A-doped P(FMA-r-MMA) film and a Compound DA1-
doped P(FMA-r-MMA) film at x,,,, of about 0.88 for
(1-9£)/07;

[0040] FIG. 4E is a graph of intersystem crossing (ISC)
quantum yield ¢, (percent, %) versus reverse temperature
1,000/T (reverse Kelvins, K™!), which is a temperature-
dependent plot of intersystem crossing (ISC) quantum yield
of a Compound Br6A-doped P(FMA-r-MMA) film and a
Compound DAl-doped P(FMA-r-MMA) film at x,,, of
about 0.88;

[0041] FIG. 4F is a graph of non-radiative decay rate
k,(T) (reverse seconds, s™') versus reverse temperature
1,000/T (reverse Kelvins, K1), which is a graph illustrating
non-radiative decay rates of a Compound BréA-doped
P(FMA-r-MMA) film and a Compound DAIl-doped
P(FMA-r-MMA) film at X, , ., of about 0.88 versus 1,000/T;
[0042] FIG. SA s a graph of k (T) (reverse seconds, s7h
versus reverse temperature 1,000/T (reverse Kelvins, K1),
illustrating k,, extracted from FIG. 4F versus 1000/T;
[0043] FIG. 5B is a graph of k,(T) (reverse seconds, s™')
versus reverse temperature 1,000/T (reverse Kelvins, K™),
illustrating k" and k,° extracted from FIG. 4F versus
1,000/T; and
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[0044] FIG. 6 is a diagram illustrating phosphorescence
quantum yield ¢, (percent, %) of various Compound DA1-
doped copolymers and Br6A-doped copolymers.

DETAILED DESCRIPTION

[0045] 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. 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.

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

[0047] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present embodiments.

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

[0049] The term “or” means “and/or”” It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or ‘including” when used in this 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.

[0050] 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.

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

[0052] “About” or “approximately” as used herein is
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.

[0053] A compound for an organic light-emitting device
may be represented by Formula 1 and include at least one
first cross-linking group:

Formula 1
[0) R

Ry—(Lpu—A—(L2)—Rs

X

[0054] When the compound for an organic light-emitting
device represented by Formula 1 includes at least two first
cross-linking groups, the first cross-linking groups may be
identical to or different from each other.

[0055] In some embodiments, in Formula 1, the first
cross-linking group may include at least one carbon-carbon
double bond.

[0056] Insome embodiments, in Formula 1, the first cross-
linking group may include a substructure represented by one
of Formulae 3-1 and 3-2, but embodiments are not limited
thereto:

3-1

3-2

‘.‘ Ay N
[} — ,"'
Rz
Rz
[0057] wherein, in Formulae 3-1 and 3-2,
[0058] A, may be selected from a C.-C, , cyclic group

and a C,-C,, heterocyclic group; and

[0059] a C,-C,, cyclic group and a C,-C |, heterocyclic
group, each substituted with at least one selected from
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—F, —Cl, —Br, —I, —C(=0)—, a cyano group, a

nitro group, a C,-C,, alkyl group, and a C,-C,, alkoxy

group,
[0060] R,, to R,; may be each independently selected
from hydrogen, —F, —Cl, —Br, —I, —C(—0)—, a cyano
group, a nitro group, a C,-C,, alkyl group, and a C,-C,,
alkoxy group, and

[0061] * indicates a binding site to an adjacent atom.
[0062] In some embodiments, in Formula 1, the first
cross-linking group may be selected from a vinyl group, a
maleimide group, a styrene group, and an acrylate group;
and
[0063] a vinyl group, a maleimide group, a styrene

group, and an acrylate group, each substituted with at

least one selected from —F, —Cl, —Br, —I,

—C(=—0)—, a cyano group, a nitro group, a C,-C,,

alkyl group, and a C,-C,, alkoxy group, but embod;i-

ments are not limited thereto.
[0064] In some embodiments, in Formula 1, the first
cross-linking group may be selected from groups repre-
sented by Formulae 3-11 to 3-14, but embodiments are not
limited thereto:

—(R
| /) (Raa)p34

[0065] wherein, in Formulae 3-11 to 3-14,

[0066] R, to Ry, may be each independently selected
from hydrogen, —F, —Cl, —Br, —I, —C(=0)—, a
cyano group, a nitro group, a C,-C,, alkyl group, and
a C,-C,, alkoxy group, and

[0067] * indicates a binding site to an adjacent atom.

[0068] In some embodiments, in Formulae 3-11 to 3-14,
R;, to Ry, may be each independently selected from hydro-
gen, a methyl group, an ethyl group, an n-propyl group, an
iso-propyl group, a methoxy group. an ethoxy group, an
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n-propoxy group, and an iso-propoxy group, but embodi-
ments are not limited thereto.

[0069] In some embodiments, in Formulae 3-11 to 3-14,
R;, to R;, may each be hydrogen, but embodiments are not
limited thereto.

[0070] InFormulal, A, may be selected from an aromatic
group and an aromatic group having extended m-conjuga-
tion.

[0071] In some embodiments, in Formula 1, A; may be
selected from a phenyl group and a naphthyl group, but
embodiments are not limited thereto.

[0072] In Formula 1, R, may be selected from hydrogen
and a C,-C,, alkyl group, but embodiments are not limited
thereto,

[0073] In some embodiments, in Formula 1, R, may be
hydrogen, but embodiments are not limited thereto.

[0074] InFormulal,L, and L, may be each independently
selected from —O—, —S—, a C,-C,, alkylene group, a
C,-C,, oxyalkylene group, and a C,-C,, thioalkylene group;
and
[0075] a C,-C,, alkylene group, a C,-C,, oxyalkylene
group, and a C,-C,, thioalkylene group, each substi-
tuted with at least one selected from a C;-C,, alkyl
group and a C,-C,, alkoxy group.

[0076] In some embodiments, in Formula 1, L, and L,
may be each independently selected from —O— and a
C,-C,, alkylene group, but embodiments are not limited
thereto.

[0077] In some embodiments, in Formula 1, [, and L,
may be each independently selected from —O—, a meth-
ylene group, an ethylene group, and a propylene group, but
embodiments are not limited thereto.

[0078] In Formula 1, nl indicates the number of groups
L,, and nl1 may be selected from 0, 1, 2, 3, 4, and 5. When
nl is 0, (L,),, may be a single bond. When n1 is 2 or more,
groups L., may be identical to or different from each other.
In some embodiments, in Formula 1, nl may be selected
from 0, 1, and 2.

[0079] In Formula 1, n2 indicates the number of groups
L, and n2 may be selected from 0, 1, 2, 3, 4, and 5. When
n2is 0, (L,),,, may be a single bond. When n2 is 2 or more,
groups L, may be identical to or different from each other.
In some embodiments, in Formula 1, n2 may be selected
from 0, 1, and 2.

[0080] In Formula 1, R, and Ry may be each indepen-
dently selected from hydrogen and a first cross-linking
group, provided that at least one of R, and R; may be the first
cross-linking group.

[0081] In some embodiments, in Formula 1, R, and R,
may be each independently selected from hydrogen and
groups represented by Formulae 3-11 to 3-14,

[0082] At least one of R, and R; may be selected from
groups represented by Formulae 3-11 to 3-14, but embodi-
ments are not limited thereto:
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[0083] wherein, in Formulae 3-11 to 3-14,

[0084] R,, to R,, may be each independently selected
from hydrogen, —F, —Cl, —Br, —1, —C(=0)—, a
cyano group, a nitro group, a C,-C,, alkyl group, and
a C,-C,, alkoxy group, and

[0085] 134 may be selected from 1, 2, 3, and 4, and
[0086] * indicates a binding site to an adjacent atom,
[0087] In some embodiments, in Formula 1, R, and Ry

may be a first cross-linking group, but embodiments are not
limited thereto.

[0088] In Formula 1, X may be selected from —F, —Cl,
—DBr, and —I.
[0089]

[0090] In some embodiments, the compound for an
organic light-emitting device represented by Formula 1 may
be Compound DA1, but embodiments are not limited
thereto:

In some embodiments, in Formula 1, X may be -Br.

DAl
H (0]
O
(0] (0]
/ \/\)\/ﬁ
N /
NN o
@)
Br

[0091] In general, metal-free phosphorescent materials are

less efficient in spin-orbit coupling (SOC), and SOC com-
petes with non-radiative decay. Phosphorescence process is
significantly slow, as compared with non-radiative decay.
Therefore, in order for an organic phosphor to exhibit high
phosphorescence quantum efficiency, non-radiative decay
may essentially be suppressed.
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[0092] The compound for an organic light-emitting device
represented by Formula 1 includes bromine and benzalde-
hyde, promoting intersystem crossing (ISC) via SOC by the
creation of an nn*-type triplet (T ) state, due to the intra-
molecular and intermolecular heavy atom effect of bromine
and benzaldehyde and [SC promoting effect by the El-Sayed
rule.

[0093] A method of synthesizing the compound for an
organic light-emitting device represented by Formula 1 may
be understood by one of ordinary skill in the art by referring
to Synthesis Examples described below.

[0094] According to another aspect, a cross-linked mate-
rial of a compound for an organic light-emitting device
represented by Formula 1 and a polymer is provided.
[0095] In some embodiments, the cross-linked material
may include a constituent unit represented by one of For-
mulae 2-1 to 2-3:

Formula 2-1
0, R
Ro— L Tl_ Lo)p—
X
Formula 2-2
0 Ry
* (Ll)nl—/l\l_ L)n—R3
X
Formula 2-3
6] Ry

& &

Lim—Ar— Lo

><_

[0096] wherein, in Formulae 2-1 to 2-3,
[0097] A, may be selected from an aromatic group and

an aromatic group having extended m-conjugation,
[0098] R, may be selected from hydrogen and a C,-Cg,
alkyl group,

[0099] L, and [, may be each independently selected
from —O—,—S—,a C,-C,, alkylene group, a C,-C,;
oxyalkylene group, and a C,-C,; thioalkylene group,

[0100] nl and n2 may be each independently selected
from 0, 1, 2, 3, 4, and 5,

[0101] R, and R; may be each independently selected
from hydrogen and a first cross-linking group, provided
that at least one of R, and R; may be the first cross-
linking group,

[0102] X may be selected from —F, —Cl, —Br, and
—1I, and

[0103] * indicates a binding site to an adjacent atom.

[0104] The polymer may be a homopolymer or a copoly-
mer. When the polymer is a copolymer, the binding method
is not particularly limited. In some embodiments, the poly-
mer in the compound for an organic light-emitting device
may be one selected from a random copolymer, an alternat-
ing copolymer, a periodic copolymer, and a block copoly-
mer, but embodiments are not limited thereto.

[0105] In some embodiments, the polymer may be a vinyl
polymer, but embodiments are not limited thereto.
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[0106] Insome embodiments, the polymer may be a vinyl
polymer and include a small pendant, but embodiments are
not limited thereto.

[0107] In some embodiments, the polymer may include a
repeating unit (1) represented by Formula 4, and the repeat-
ing unit (1) may include at least one second cross-linking

group:

Formula 4
Ry N
(l) 0
Lanat
Ry
[0108] wherein, in Formula 4,
[0109] L,, may be selected from —O—, —S—, a

C,-C,, alkylene group, a C,-C,, oxyalkylene group,
and a C,-C,, thioalkylene group; and
[0110] a C,-C,, alkylene group, a C,-C,; oxyalkylene
group, and a C,-C,, thioalkylene group, each substi-
tuted with at least one selected from a C,-C,, alkyl
group and a C,-C,, alkoxy group,
[0111] n41 may be selected from 0, 1, 2, 3, 4, and 5,
[0112] R,, may be selected from hydrogen, a C,-C,,
alkyl group, and a C,-C,, alkoxy group,
[0113] R,, may be a second cross-linking group, and
[0114] * and *' each indicate a binding site to an
adjacent atom.
[0115] When the polymer including the repeating unit (1)
represented by Formula 4 includes a plurality of second
cross-linking groups, the second cross-linking groups may
be identical to or different from each other.
[0116] In some embodiments, in Formula 4, the second
cross-linking group may include at least two double bonds
selected from a carbon-carbon double bond and a carbon-
oxygen double bond.
[0117] In some embodiments, in Formula 4, the second
cross-linking group may be selected from a 1,3-butadienyl
group and a furanyl group; and
[0118] a 1,3-butadienyl group and a furanyl group, each
substituted with at least one selected from —F, —Cl,
—Br, —I, —C(=—0)—, a cyano group, a nitro group,
a C,-C,, alkyl group, and a C,-C,,, alkoxy group, but
embodiments are not limited thereto.
[0119] In some embodiments, in Formula 4, the second
cross-linking group may be represented by Formula 5, but
embodiments are not limited thereto:

Formula 5
* 0
| / Rs
R
Rs2
[0120] wherein, in Formula 5,
[0121] Rj, to Ry; may be each independently selected

from hydrogen, —F, —Cl, —Br, —I, —C(=0)—, a
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cyano group, a nitro group, a C,-C,, alkyl group, and
a C,-C,, alkoxy group, and
[0122] * indicates a binding site to an adjacent atom.

[0123] In some embodiments, in Formula 5, R, to Ry;
may be each independently selected from hydrogen, —F,
—Cl, —Br, —I, —C(=0)—, a cyano group, and a nitro
group, but embodiments are not limited thereto.
[0124] In some embodiments, in Formula 4, R,, may be
selected from hydrogen and a methyl group, but embodi-
ments are not limited thereto.
[0125] In some embodiments, the polymer may include a
repeating unit (1) represented by Formula 4-1, but embodi-
ments are not limited thereto:

Formula 4-1
Ry -
@] 0]
R
=
R
52 \ 5
Rsi
[0126] wherein, in Formula 4-1,
[0127] R,, may be selected from hydrogen and a methyl
group,
[0128] Rs, to Rs, may be each independently selected

from hydrogen, —F, —Cl, —Br, —1, —C(—0)—, a
cyano group, and a nitro group, and
[0129] * and * each indicate a binding site to an

adjacent atom.
[0130] In some embodiments, the polymer may include a
repeating unit (1) selected from repeating units represented
by Formulae 4-11 and 4-12, but embodiments are not limited
thereto:

AI*’
&

0] ]
—
\_-0

Af*’
*®

0] 0

=

\ -0

4-11

4-12

[0131] wherein, in Formulae 4-11 and 4-12,
[0132] * and * each indicate a binding site to an
adjacent atom.
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[0133] In some embodiments, the polymer may include
the repeating unit (1) as well as a repeating unit (2) selected
from repeating units represented by Formulae 6-1 to 6-4, but
embodiments are not limited thereto:

6-1
o
sl
*
Rez
\Il\I 0
Re3
6-2
/%\Tj’
x!
*
I
N
6-3
Re;
®i
*
Req Res
R¢s Re7
Res
6-4
1

Jf

sl

*

O [0}
Reo

[0134]

[0135] Ry, may be selected from hydrogen, a C,-C,,
alkyl group, and a C,-C,,, alkoxy group,

[0136] R, to Ry, may be each independently selected
from hydrogen, a C,-C,, alkyl group, and a C,-C,,
alkoxy group; and

[0137] aC,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from —F,
—Cl, —Br, —C(=0)—, a cyano group, and a nitro
group,

[0138] R, and Rg; may optionally be bound to each
other to form a ring, and

[0139] * and * each indicate a binding site to an
adjacent atom.

[0140] In some embodiments, the polymer may include
the repeating unit (1) as well as a repeating unit (2) selected
from repeating units represented by Formulae 6-11 to 6-16,
but embodiments are not limited thereto:

wherein, in Formulae 6-1 to 6-4,
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[0141] wherein, in Formulae 6-11 to 6-16,

6-12

6-14

[0142] R, may be selected from hydrogen and a methyl

group,

[0143] R,,. Res and R, may be each independently
selected from a methyl group, an ethyl group, an

n-propyl group, and an iso-propyl group;

[0144] a methyl group, an ethyl group, an n-propyl
group, and an iso-propyl group, each substituted with at

least one selected from —F, —Cl, —Br,

715

—C(=—0)—, a cyano group, and a nitro group, and
[0145] * and * each indicate a binding site to an

adjacent atom.

[0146] In some embodiments, the polymer may include
the repeating unit (1) as well as a repeating unit (2) selected
from repeating units represented by Formulae 6-21 to 6-34,

but embodiments are not limited thereto:
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-continued
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[0147] wherein, in Formulae 6-21 and 6-34,
[0148] * and * each indicate a binding site to an

adjacent atom.

[0149] In some embodiments, the polymer may include
the repeating unit (1) represented by one of Formulae 4-11
and 4-12 as well as a repeating unit (2) selected from
repeating units represented by Formulae 6-21 to 6-34, but
embodiments are not limited thereto.

[0150] In some embodiments, the polymer may be
selected from poly(furfuryl methacrylate) (PFMA) homopo-
lymer, poly(furfuryl methacrylate-r-methyl methacrylate)
random copolymer (P(FMA-r-MMA)), poly(furfuryl meth-
acrylate-r-N-isopropylacrylamide)  random  copolymer
(P(FMA-r-NiPAM)), poly(furfuryl methacrylate-r-styrene)
random copolymer (P(FMA-1-S)), poly(furfuryl methacry-
late-r-acrylamide) random copolymer (P(FMA-r-AM)), poly
(furfury]l methacrylate-r-acrylpyrrolidine) random copoly-
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mer  (P(FMA-r-AP)),  poly(furfuryl  methacrylate-r-
acetonitrile) random copolymer (P(FMA-r-AN)), and poly
(furfuryl methacrylate-r-vinylbenzyl chloride) random
copolymer (P(FMA-r-VBC)), but embodiments are not lim-
ited thereto:

.t

PFMA-+-NPAM)

ot

P(FMA-1-S)

0]
0 0]
~x
\_-0
P(FMA-r-AM)

P(FMA-1-AP)

T

~x

\_-0

P(FMA-1-AN)
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-continued

P(FMA--VBC)

[0151] The compound for an organic light-emitting device
represented by Fornwla 1 may be bound to a polymer via a
covalent linkage, thus forming the cross-linked material.
The covalent linkage, may be, for example, formed through
a Diels-Alder reaction, but embodiments are not limited
thereto.

[0152] The covalent linkage may restrict the molecular
motions in the proximity of the compound (which may serve
as a fluorescent substance) for an organic light-emitting
device represented by Formula 1 embedded in a polymer
matrix and hence effectively suppress the non-radiative
decay. In particular, the covalent linkage may reduce: 1) the
collision frequency (endothermic triplet-triplet energy trans-
fer process) and ii) vibronic mixing between zero-order
electronic states of T, and S, that directs the reduction of the
rate of the ISG process. Therefore, the cross-linked material
of a compound for an organic light-emitting device repre-
sented by Formula 1 and a polymer may significantly
increase phosphorescence quantum yield, and an organic
light-emitting device including cross-linked material may
have high efliciency.

[0153] Therefore, the phosphorescence quantum yield of
the cross-linked material may be 2 to 5 times higher than that
of a system having no such covalent linkage between the
fluorescent substance and the polymer matrix.

[0154] A method of synthesizing the cross-linked material
of a compound for an organic light-emitting device repre-
sented by Formula 1 and a polymer may be understood by
one of ordinary skill in the art by referring to Synthesis
Examples described below.

[0155] According to another aspect, an organic light-
emitting device may include:

[0156] a first electrode;
[0157] a second electrode; and
[0158] an organic layer disposed between the first elec-

trode and the second electrode,
[0159] wherein the organic layer includes an emission
layer and the above-described cross-linked material.
[0160] The organic light-emitting device may include the
above-described cross-linked material, thus exhibiting high
efficiency.

[0161] In some embodiments, the emission layer may
include the cross-linked material of a compound for an
organic light-emitting device represented by Formula 1 and
a polymer.

[0162] In some embodiments, the emission layer may
include the cross-linked material of a compound for an
organic light-emitting device represented by Formula 1 and
a polymer, and the cross-linked material may be a phospho-
rescent material.
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[0163] The emission layer may emit red light, green light,
or blue light.
[0164] The first electrode may be anode, which is a hole

injection electrode, and the second electrode may be a
cathode, which is an electron injection electrode. Alterna-
tively, the first electrode may be a cathode, which is an
electron injection electrode, and the second electrode may be
an anode, which is a hole injection electrode.

[0165] For example, the first electrode may be an anode,
the second electrode may be a cathode, and the organic layer
may include:

[0166] 1) a hole transport region disposed between the
first electrode and the emission layer, wherein the hole
transport region may include at least one selected from
a hole injection layer. a hole transport layer, and an
electron blocking layer; and

[0167] ii) an electron transport region disposed between
the emission layer and the second electrode, wherein
the electron transport region may include at least one
selected from a hole blocking layer, an electron trans-
port layer, and an electron injection layer.

[0168] The term “organic layer” as used herein refers to a
single and/or a plurality of layers disposed between the first
electrode and the second electrode in an organic light-
emitting device. The “organic layer” may include not only
organic compounds but also organometallic complexes
including metals,

[0169] FIG. 1 is a schematic view of an organic light-
emitting device 10 according to an exemplary embodiment.
Hereinafter a structure and a method of manufacturing the
organic light-emitting device 10, according to an embodi-
ment, will be described with reference to FIG. 1. The organic
light-emitting device 10 may include a first electrode 11, an
organic layer 15, and a second electrode 19, which may be
sequentially layered in the stated order.

[0170] A substrate may be additionally disposed under the
first electrode 11 or on the second electrode 19. The substrate
may be a conventional substrate that is used in an organic
light-emitting device, such as glass substrate or a transparent
plastic substrate, each having excellent mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and water repellency.

[0171] The first electrode 11 may be formed by vacuum
depositing or sputtering a material for forming the first
electrode 11 on the substrate. The first electrode 11 may be
an anode. The material for the first electrode 11 may be
selected from materials with a high work function for easy
hole injection. The first electrode 11 may be a reflective
electrode, a semi-transmissive electrode, or a transmissive
electrode. The material for the first electrode 11 may be
selected from indium tin oxide (ITO), indium zinc oxide
(IZ0), tin oxide (SnQ,), and zinc oxide (ZnO). Alterna-
tively, the material for the first electrode 11 may be a metal,
such as magnesium (Mg), aluminum (Al), aluminum-
lithium (Al—L1), calcium (Ca), magnesium-indium (Mg—
In), and magnesium-silver (Mg—Ag).
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[0172] The first electrode 11 may have a single layer
structure or a multi-layer structure including a plurality of
layers. In some embodiments, the first electrode 11 may
have a triple-layer structure of ITO/Ag/ITO, but embodi-
ments are not limited thereto.

[0173] The organic layer 15 may be on the first electrode
11.
[0174] The organic layer 15 may include a hole transport

region, an emission layer, and an electron transport region,

[0175] Thehole transport region may be disposed between
the first electrode 11 and the emission layer.

[0176] The hole transport region may include at least one
selected from a hole injection layer, a hole transport layer, an
electron blocking layer, and a buffer layer.

[0177] The hole transport region may include a hole
injection layer only or a hole transport layer only. In some
embodiments, the hole transport region may include a hole
injection layer and a hole transport layer which are sequen-
tially stacked on the first electrode 11. In some embodi-
ments, the hole transport region may include a hole injection
layer, a hole transport layer, and an electron blocking layer,
which are sequentially stacked on the first electrode 11.

[0178] When the hole transport region includes a hole
injection layer, the hole injection layer may be formed on the
first electrode 11 by using a suitable method, such as vacuum
deposition, spin coating, casting, and a Langmuir-Blodgett
(LB) method.

[0179] When a hole injection layer is formed by vacuum-
deposition, for example, the vacuum-deposition may be
performed at a deposition temperature in a range of about
100° C. to about 500° C., at a vacuum degree in a range of
about 107® to about 107> torr, and at a deposition rate in a
range of about 0.01 Angstroms per second (A/sec) to about
100 A/sec, though the conditions may vary depending on a
compound that is used as a hole injection material and a
structure and thermal properties of a desired hole injection
layer, but embodiments are not lirited thereto.

[0180] When a hole injection layer is formed by spin
coating, the spin coating may be performed at a coating rate
in a range of about 2,000 revolutions per minute (rpm) to
about 5,000 rpm, and at a temperature in a range of about
80° C. to 200° C. for removing a solvent after the spin
coating, though the conditions may vary depending on a
compound that is used as a hole injection material and a
structure and thermal properties of a desired hole injection
layer, but is not limited thereto.

[0181] The conditions for forming a hole transport layer
and an electron blocking layer may be inferred based on the
conditions for forming the hole injection layer.

[0182] The hole transport region may include at least one
selected from m-MTDATA, TDATA, 2-TNATA, NPB,
B-NPB, TPD, spiro-TPD, spiro-NPB, methylated-NPB,
TAPC, HMTPD, 4,4'4"-tris(N-carbazolyl)triphenylamine
(TCTA), polyaniline/dodecylbenzene sulfonic acid (Pani/
DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-styrene-
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sulfonate) (PEDOT/PSS), polyaniline/camphor sulfonic
acid (Pani/CSA), (polyaniline)Ypoly(4-styrenesulfonate)
(PANI/PSS), a compound represented by Formula 201, and
a compound represented by Formula 202:

m-MTDATA
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TDATA



US 2017/0162789 A1l Jun. &, 2017

TR
Q87 TG0
2of " 0%

o M
0 IR

2-TNATA Spiro-NPB

‘.ﬂ

methylated NPB

p-NPB



US 2017/0162789 A1l
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Formula 201

Formula 202

R R

/ . . \
Rz

Ry

[0183] wherein, in Formula 201,Ar,,, and Ar, ,, may be
each independently selected from

[0184] a phenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an azulenylene
group, a heptalenvlene group, an acenaphthylene
group, a fluorenylene group, a phenalenylene group, a
phenanthrenylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylenylene group, a naph-
thacenylene group, a picenylene group, a perylenylene
group, and a pentacenylene group; and

[0185] a phenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an azulenylene
group, a heptalenylene group, an acenaphthylene
group, a fluorenylene group, a phenalenylene group, a
phenanthrenylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylenylene group, a naph-
thacenylene group, a picenylene group, a perylenylene
group, and a pentacenylene group, each substituted
with at least one selected from deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cg, alkyl

12
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group, a C,-C, alkenyl group, a C,-Cg, alkynyl group,
a C,-Cq, alkoxy group, a C,-C,,, cycloalkyl group, a
C,-Cy, cycloalkeny! group, a C,-C,, heterocycloalkyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C4-Cg, aryloxy group, a C4-Cg, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, and a monova-
lent non-aromatic condensed heteropolycyclic group.

[0186] In Formula 201, xa and xb may be each indepen-
dently an integer selected from 0 to 5. Alternatively, xa and
xb may be each independently an integer selected from 0, 1,
and 2. In some embodiments, xa may be 1 and xb may be 0,
but embodiments are not limited thereto.

[0187] InFormulae 201 and 202, R, 0 R, g, 5,1, O R, o5
and R, to R,,, may be each independently selected from

[0188] hydrogen, deuterium, —F, —CI, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group (e.g., a
methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, or a hexyl group) and a C,-C,,
alkoxy group (e.g., a methoxy group, an ethoxy group,
a propoxy group, a butoxy group, or a pentoxy group);

[0189] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, and a phosphoric acid group or
a salt thereof;

[0190] aphenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group; and

[0191] aphenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group, each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, and a C,-C,, alkoxy group, but
embodiments are not limited thereto.

[0192] In Formula 201, R,,, may be selected from

[0193] aphenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl group; and

[0194] aphenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a
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phosphoric acid group or a salt thereof, a C,-C,,, alkyl group, _continued

a C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
N

anthracenyl group, and a pyridinyl group,
Formula 201A
Ripy
\

N

Rigo- N

[0195] In some embodiments, the compound represented
by Formula 201 may be represented by Formula 201 A, but

. .. HT2
embodiments are not limited thereto:

N/

Rin O
Ry '

)

[0196] R,,;,R,,;,R, 5 and R, in Formula 201 A may be

101> 11.17 112 .
the same as described herein.

d‘

[0197] For example, the compound represented by For-
mula 201 and the compound represented by Formula 202
may include Compounds HT1 to HT20, but embodiments

are not limited thereto: Q
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[0198] The thickness of the hole transport region may be
in a range of about 100 Angstroms (A) to about 10,000 A,
and in some embodiments, about 100 A to about 1,000 A.
When the hole transport region includes a hole injection
layer and a hole transport layer, the thickness of the hole
injection layer may be in a range of about 100 A to about
10,000 A, in some embodiments. about 100 A to about 1,000
A, the thickness of the hole transport layer may be in a range
of about 50 A to about 2.000 A, and in some embodiments,
about 100 A to about 1,500 A. While not wishing to be
bound by theory, it is understood that when the thicknesses
of the hole transport region, the hole injection layer, and the
hole transport layer are within these ranges, excellent hole
transport characteristics may be obtained without a substan-
tial increase in driving voltage.

[0199] The hole transport region may include a charge-
generating material as well as the mentioned materials
above, to improve conductive properties. The charge-gen-
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erating material may be homogeneously or non-homoge-
neously dispersed throughout the hole transport region.

[0200] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be selected from a
quinone derivative, a metal oxide, and a cyano group-
containing compound, but embodiments are not limited
thereto. For example, non-limiting examples of the p-dopant
may include a quinone derivative, such as tetracyanoqui-
nonedimethane (TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,
4-benzoquinonedimethane (F4-TCNQ); a metal oxide, such
as a tungsten oxide or a molybdenum oxide; and a com-
pound containing a cyano group, such as Compound HT-D1
or HT-D2, but embodiments are not limited thereto:

Compound HT-D1

NC

F4-TCNQ

CN CN

CN CN

Compound HT-D2

[0201] The hole transport region may further include a
buffer layer.
[0202] The buffer layer may compensate for an optical

resonance distance according to a wavelength of light emit-
ted from the emission layer to improve the efliciency of an
organic light-emitting device.

[0203] The hole transport region may further include an
electron blocking layer. The electron blocking layer may
include any suitable known material, e.g., mCP, but embodi-
ments are not limited thereto:
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[0204] The thickness of the electron blocking layer may be
in a range of about 50 A to about 1,000 A, and in some
embodiments, about 70 A to about 500 A. While not wishing
to be bound by theory, it is understood that when the
thickness of the electron blocking layer i1s within these
ranges, excellent electron blocking characteristics may be
achieved without a substantial increase in driving voltage.

[0205] An emission layer may be formed on the hole
transport region by using one or more suitable methods, such
as vacuum deposition, spin coating, casting, or an LB
method. When the emission layer is formed by vacuum
deposition or spin coating, vacuum deposition and coating
conditions for the emission layer may be generally similar to
the conditions for forming a hole injection layer, though the
conditions may vary depending on the compound used.

[0206] The emission layer may further include the above-
described cross-linked material.

[0207] When the organic light-emitting device 10 is a full
color organic light-emitting device, the emission layer may
be patterned into a red emission layer, a green emission
layer, and a blue emission layer. In some embodiments, the
emission layer may have a structure in which the red
emission layer, the green emission layer, and/or the blue
emission layer are layered to emit white light or other
various embodiments are possible.

[0208] The thickness of the emission layer may be in a
range of about 100 A to about 1,000 A, and in some
embodiments, about 200 A to about 600 A. While not
wishing to be bound by theory, it is understood that when the
thickness of the emission layer is within these ranges,
excellent light-emission characteristics may be achieved
without a substantial increase in driving voltage.

[0209] An electron transport region may be next formed
on the emission layer.

[0210] The electron transport region may include at least
one selected from a hole blocking layer, an electron transport
layer, and an electron injection layer, but embodiments not
limited thereto.

[0211] Insome embodiments, the electron transport region
may have a structure of a hole blocking layer/an electron
transport layer/an electron injection layer or an electron
transport layer/an electron injection layer, but embodiments
are not limited thereto. The electron transport layer may
have a single layer structure or a multi-layer structure
including two or more different materials.

[0212] The conditions for forming a hole blocking layer,
an electron transport layer, and an electron injection layer
may be inferred based on the conditions for forming the hole
injection layer.
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[0213] When the electron transport region includes a hole _continued
N—N

blocking layer, the hole blocking layer, for example, may / \
QY 9

include at least one of BCP and Bphen, but embodiments are
not limited thereto:
TAZ

L

NTAZ

BCP

[0216] Alternatively, the electron transport layer may
include at least one selected from Compounds ET1 to ET19,
but embodiments are not limited thereto:

ET1

[0214] A thickness of the hole blocking layer may be in a
range of about 20 A to about 1,000 A, and in some
embodiments, about 30 A to about 300 A. While not wishing
to be bound by theory, it is understood that when the
thickness of the hole blocking layer is within these ranges,
excellent hole blocking characteristics may be achieved
without a substantial increase in driving voltage.

[0215] The electron transport layer may further include at
least one selected from BCP, Bphen, Alq,, BAlq, TAZ, and
NTAZ:

| ET2

BAlg
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-continued

ET19

[0217] The thickness of the electron transport layer may
be in a range of about 100 A to about 1,000 A, and in some
embodiment, about 150 A to about 500 A. While not
wishing to be bound by theory, it is understood that when the
thickness of the electron transport layer is within these
ranges, excellent electron transport characteristics may be
achieved without a substantial increase in driving voltage.

[0218] The electron transport layer may further include a
metal-containing material, in addition to the materials
described above.

[0219] The metal-containing material may include a Li
complex. The Li complex may include, e.g., Compound
ET-D1 (lithium quinolate, LiQ) or ET-D2:

ET-D1

ET-D2

[0220] The electron transport region may include an elec-
tron injection layer that facilitates electron injection from the
second electrode 19,
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[0221] The electron injection layer may include at least
one selected from, LiF, NaCl, CsF. L1,0, and BaO.

[0222] The thickness of the electron injection layer may be
in a range of about 1 A to about 100 A, and in some
embodiments, about 3 A to about 90 A. While not wishing
to be bound by theory, it is understood that when the
thickness of the electron injection layer is within these
ranges, excellent electron injection characteristics may be
achieved without a substantial increase in driving voltage.

[0223] The second electrode 19 is on the organic layer 15.
The second electrode 19 may be a cathode. A material for the
second electrode 19 may be a material having a relatively
low work function, such as a metal, an alloy, an electrically
conductive compound, and a mixture thereof. Detailed
examples of the material for forming the second electrode 19
may include lithium (L), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), and magnesium-silver (Mg—Ag). In some
embodiments, ITO or IZ0 may be used to form a transmis-
sive second electrode 19 to manufacture a top emission
light-emitting device, and such a variation may be possible.

[0224] Hereinbefore the organic light-emitting device 10
has been described with reference to FIG. 1, but embodi-
ments are not limited thereto.

[0225] The term “C,-Cg, alkyl group” as used herein
refers to a linear or branched aliphatic hydrocarbon mon-
ovalent group having 1 to 60 carbon atoms. Detailed
examples thereof are a methyl group, an ethyl group, a
propyl group, an iso-butyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, an iso-amyl group, and a
hexyl group.

[0226] The term “C,-C,, alkoxy group” as used herein
refers to a monovalent group represented by —OA,,,;
(where A, is the C,-C,, alkyl group). Detailed examples
thereof may include a methoxy group, an ethoxy group, and
an isopropyloxy group.

[0227] The term “C,-C,, alkylene group” as used herein
refers to a divalent group having the same structure as the
C,-C,, alkyl group.

[0228] The term “C,-C,, oxyalkenylene group” as used
herein refers to a divalent group having the same structure

as the C,-C.,, alkylene group of which at least one carbon is
substituted with oxygen.

[0229] The term “C,-C,, thioalkenylene group” as used
herein refers to a divalent group having the same structure
as the C,-C,, alkylene group of which at least one carbon is
substituted with sulfur.

[0230] The term “ambient temperature” or “room tem-
perature” as used herein refers to a temperature of about 25°
C.

[0231] Hereinafter, an organic light-emitting device 10,
according to an embodiment, will be described in detail with
reference to Synthesis Examples and Examples; however,
the inventive concept is not limited thereto. The wording “B
was used instead of A” used in describing Synthesis
Examples means that an amount of B used was identical to
an amount of A used based on molar equivalence.
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EXAMPLE

[0232] Synthesis Example 1

Synthesis of Compound DA1, Compound Br6A,
and Polymer

[0233] (1) Synthesis of Compound DAl
[0234] Compound DA1 was synthesized according to the
following Reaction Scheme 1:

[0235] Reaction Scheme 1
(€] OH
H
Br
OH
O
R —
H TCE
Reflux
Br
3
@)
N
/( ©
0] 0
H

Br
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[0236] To a solution of 205 milligrams (mg) of Compound
1 (0.94 millimoles, mmol) and 566 mg of Compound 2 (2.08
mmol) in 9.4 ml of dimethylformamide (DMF) was added
Cs,CO; (677 mg, 2.08 mmol) at room temperature. The
solution was stirred at 70° C. for 10 h. After cooling to room
temperature, the mixture was poured into 1 molar (M) HCI1
aqueous solution and extracted with ethyl acetate. The
organic layer was separated and washed with water and
brine. The washed organic layer was dried over magnesium
sulfate (MgSQO,), and the solvent was evaporated. The
obtained crude product was purified by column chromatog-
raphy using hexane and acetone at a volume ratio of about
1:1 to thereby obtain Compound 3.

[0237] 10 ml of tetrachloroethane (TCE) solution of Com-
pound 3 was heated under reflux overnight. After cooling to
room temperature, the mixture was purified by column
chromatography using hexane and acetone at a volume ratio
of about 4:1 to thereby obtaining 67 mg of Compound DAI
(vield 15%) as an off-white solid powder. Compound DA1
was identified using "H nuclear magnetic resonance (NMR)
and high resolution mass spectrometric (HRMS) analyses.
[0238] "HNMR (400 MHz, CDCl,): 8 10.24 (s, 1 H), 7.26
(s, L H),7.13 (s, 1 H), 6.72 (5, 4H), 4,16 (t, 4H, J=5.4 Hz),
3.97 (t, 4H, J=5.4 Hz). '*C NMR (100 MHz, CDCl,): 3
188,7, 170.6, 170,5, 155.2, 149,7, 134.5, 134,5, 1245,
121.0, 118.3, 111.3, 66.3, 66.2, 37.1, 37.0. MS m/z (EST",
relative intensity): 948 (33), 487 (48), 463 (M*+1, 99), 284
(9), 256 (12), 130 (24), 124 (11).

[0239] HRMS (ESI*) caled. for CoH,sBrN,O, (M*+1)
463.0141, found 463.0135.

[0240] (2) Synthesis of Compound Br6A

[0241] Compound Br6A was synthesized according to the
following Reaction Scheme 2:

Reaction Scheme 2

Br
O]
HO OH —
Br
Br
(i)
CeH,30 OCgHyj3 —>
Br
Br6, 70-80%
CHO
CeH 130 OCeH 3
Br
BréA, 50-70%
[0242] (i) Synthesis of Intermediate Br6
[0243] 2,5-dibromohydroquinone (1 equivalent, equiv.)

and 1-bromo-n-alkane (2.1 equiv.) were loaded into a glass
flask and dissolved in dimethylformamide to obtain a solu-
tion of 2,5-dibromohydroquinone having a concentration of
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about 1 milliliter (mL) of solvent per gram. Potassium
carbonate (3 equiv.) was added to the glass flask and the
glass flask was sealed under nitrogen, stirred, and refluxed
for 24 hours. The reaction product was then cooled and
filtered. The crude product was purified by column chroma-
tography with hexanes. Compound Br6 as white crystals
was collected in vields of about 70% to about 80%. Com-
pound Br6 was identified using 'H NMR.

[0244] 'H NMR (500 MHz, CDCL,): & 7.05 (s 2H), 3.91
(t4H), 1.76 (m 4H), 1.43 (m 4H), 1,33 (m 8H), 0.91 (m 6H),
[0245] (ii) Synthesis of Intermediate Br6A

[0246] Compound Br6 (1 equiv.) was loaded into a glass
flask and vacuum purged with argon three times, Anhydrous
tetrahydrofuran was added to the glass flask to prepare a
solution having the concentration of about 25 mL of solvent
per gram of Br6, and the glass flask placed into a bath of dry
ice and 2-propanol. Butyllithium (1 equiv.) is added drop-
wise to the glass flask and the reaction mixture was stirred
at a temperature of about -48° C. for about 1 hour. Anhy-
drous DMF (4 equiv.) was then added thereto and the
reaction was allowed to warm to a temperature of about 23°
C. for about 3 hours. The reaction was quenched and
extracted with diethyl ether. First purification was carried
out by column chromatography using an eluent of ethyl
acetate and hexane at a ratio of about 1:30, and then—by
recrystallization from methanol and acetonitrile. Intermedi-
ate Br6A as white crystals was collected in yields of about
50% to about 70%. Intermediate Br6A was identified using
'"H NMR.

[0247] 'H NMR (500 MHz, d6-DMSO): 8 10.29 (s 1H),
7.53 (s 1H), 7.23 (s 1H), 4.09 (t 2H), 4.01 (t 2H), 1.73 (m
4H), 1.42 (m 4H), 1.30 (m 8H), 0.87 (m 6H).

[0248] (3) Synthesis of Polymer

[0249] Referring to Reaction Scheme 3 and Table 1,
polymers (PFMA, P(FMA-r-MMA), P(FMA-1-S), P(FMA-
r-NiPAM), P(FMA-r-AM), P(FMA-r-AP), P(FMA-r-AN),
and P(FMA-r-VBC)) were synthesized. In addition, it was
found that the synthesized polymers had number average
molecular weight (M,,) and polydispersity index (PDI) as
shown in Table 1.

Reaction Scheme 3

0
9]
AIBN, DMF, 60° C.
N O
n
0
o) 0 HN
—_—
AIBN, DMF, 60° C.
=
-0
PFMA
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M \

O H,N
AIBN, DMF, 60° C.
=
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P(FMA-1-AM)
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[ m N
(0] 00 6] Q

AIBN, DMF, 60° C.
—

\ 0

P(FMA---MMA)
H n
[0) [¢] N [¢]
AIBN, DMF, 60° C.
—
\_-0
P(FMA--AP)

—_—
AIBN, DMF, 60° C.

P(FMA-r-S)
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-continued

B ——
AIBN, DME, 60° C.

PEMA--AN)
n m
0 0 HN 0 Cl
)\ AIBN, DMF, 60° C.
—
\_0
P(FMA-r-NiPAM)

P(FMA-r-VBC)

[0250] Furfuryl methacrylate (FMA) and comonomer
were polymerized via free radical polymerization using
azobisisobutyronitrile (AIBN) as the initiator. In the polym-
erization process, FMA and the comonomer at the specified
feed ratio as shown in Table 1, and AIBN were dissolved in
DMEF. The solution was purged with argon for 30 minutes
(min). The monomers/solvent weight ratio was kept at about
30%, and the reaction was carried out at a temperature of
about 60° C. The resulting copolymers were precipitated in
diethyl ether or methanol and dried under vacuum overnight.

TABLE 1
Feed ratio Composition M,

FMA Comonomer FMA Comonomer (g/mol)  PDI
PFMA (polymer A) 10 0 1 0 145400  2.24
P(FMA--MMA) (polymer B-1) 7 3 0.618 0.382 142,700 2.01
P(FMA-r-MMA) (polymer B-2) 3 7 0.277 0.723 136,700 2.16
P(FMA--MMA) (polymer B-3) 1 9 0.116 0.884 138,900  2.04
P(FMA-r-S) (polymer C) 1 9 0.127 0.873 34,300 1.72
P(FMA-1-NiPAM] (polymer D) 1 9 0.116 0.884 41,600  1.99
P(FMA-r-AM) (polymer E) 1 9 0.295 0.705 — —
P(FMA-1-AP) (polymer F) 1 9 0.268 0.732 138,500 8.87
P(FMA-1-AN) (polymer G) 1 9 0.313 0.687 — —
P(FMA-1-VBC) (polymer H) 1 9 0.293 0.707 39,800 771
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Evaluation Example 1

UV-Vis Absorption Spectra

[0251] UV-Vis absotption spectra of Compounds BroA,
DA1, M1, and Br6A/M1 in methanol solutions were
obtained. The concentration of the methanol solution is as
follows, and the results thereof is shown in FIG. 2A. The
structure of M1 will be described below.

[0252] Concentration of methanol solutions
[0253] Br6A: 0.93x10°M
[0254] DAI: 1.1x107°M
[0255] MI1: 2.1x10°M
[0256] Br6A/MI: 0.93x10°M/2.1x10~°M
[0257] M1
Br
O,

N
(0]
[
Evaluation Example 2

Evaluation of Emission of Compound

[0258] (1) Evaluation of Emission at Room Temperature
(Fluorescence)
[0259] Photoluminescence (PL) spectra of methanol solu-

tions of Compounds Br6A, DA1, and Br6A/M1, at the same
concentrations as those of methanol solutions used in Evalu-
ation Example 1, excited at A, =350 nanometers (nm) were
obtained. The results thereof are shown in FIG. 2B, In
addition, the inset of FIG. 2B shows PL observation result
images of methanol solutions of Compounds Br6A and DAI
at room temperature under ultraviolet light of about 365 nm.
[0260] Although Compound BréA is fluorescent with a
quantum yield (¢,) of about 12% at A, =455 nm, Com-
pound DA1 shows negligible fluorescence.

[0261] (2) Evaluation of Emission at 77 Kelvins (K)
(Phosphorescence)

[0262] PL spectra of methanol solutions of Compounds
Br6A, DAL, and Br6NM1, at the same concentrations as
those of methanol solutions used in Evaluation Example 1,
excited at A_ =350 nm at 77 K were obtained. The results
thereof are shown in FIG, 2C. In addition, the inset of FIG.
2C shows PL observation result images of methanol solu-
tions of Compounds Br6 A and DA1 at 77 K under ultraviolet
light of about 365 nm,

[0263] Compounds Br6A and DA1 both showed notice-
able phosphorescence.

Synthesis Example 2

Preparation of Compound DA1-doped
PFMA(poly(furfuryl methacrylate)) Film

[0264] 1.0 percent by weight (wt %) of the PFMA (poly-
mer A) obtained in Synthesis Example 1-(3) was dissolved
in chloroform (CHCI;) and mixed with Compound DA1 (1.2
wt % of Compound DAl for polymer A). The mixed
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solution was drop-cast on a pre-cleaned glass substrate and
kept at room temperature for about 10 minutes. The resulting
drop-cast film was thermally annealed at a temperature of
about 120° C. for about 20 min under nitrogen atmosphere,
leading to the formation of covalent bonding between Com-
pound DA and Compound PFMA by Diels-Alder reaction.

Comparative Synthesis Example 2-1

Preparation of Compound Br6A-doped PFMA Film

[0265] A Compound Br6A-doped PFMA film was pre-
pared in the same manner as in Synthesis Example 2, except
that Compound Br6A (1.0 percent by weight (wt %) of
Compound Br6A for polymer A) was used instead of Com-
pound DAL.

Comparative Synthesis Example 2-2

Preparation of PFMA Film

[0266] A PFMA film was prepared in the same manner as
in Synthesis Example 2, except that Compound DA1 was
not used.

Evaluation Example 3

Test of Diels-Alder Reaction in Film

[0267] In order to confirm the formation of covalent
bonding between Compound DA1 and Compound PFMA by
Diels-Alder reaction, disappearance of an absorption peak at
around 300 nm (a peak corresponding to an nu* transition of
maleimide) in UV-Vis absorption spectra was tested. The
results thereof are shown in FIG. 3A.

[0268] Differential scanning calorimetry (DSC) was car-
ried out using the films prepared in Synthesis Example 2 and
Comparative Synthesis Examples 2-1 and 2-2. The glass
transition temperatures (T,) thereof were measured. The
results thereof are shown in FIG. 3B. In consideration of
improved T of the film prepared in Synthesis Example 2, it
was found that the Diels-Alder reaction was successfully
occurred. Due to the Diels-Alder reaction, mobility of
polymer chains was restricted in the film prepared in Syn-
thesis Example 2, thus increasing T,.

[0269] In addition, the degree of conversion of Diels-
Alder reaction was estimated by calculating the expected
DAI spectrum after thermal annealing by subtracting the
M1 spectrum from DA1 spectrum before thermal annealing.
The estimated degree of conversion of Diels-Alder reaction
about 95%.

Evaluation Example 4

Film Characteristics Evaluation 1

[0270] PL spectra, phosphorescence quantum yield (¢)
and phosphorescence lifetime(t,) of the films prepared in
Synthesis Example 2 and Comparative Synthesis Example
2-1 were measured at room temperature. The results thereof
are shown in FIGS. 3C to 3E.

[0271] Referring to FIGS. 3C to 3E, the film prepared in
Synthesis Example 2 showed phosphorescence at 513 nano-
meters (nm) (2.42 electron Volts, eV) with lifetime of about
2.6 milliseconds (ms). The film prepared in Comparative
Synthesis Example 2-1 showed phosphorescence at 526 nm
(2.36 eV) with lifetime of about 2.0 ms.
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[0272] The observed blue shift of 0.06 eV in the emission
spectrum of the film prepared in Synthesis Example 2 was
due to the presence of maleimide moieties at the side chain.
[0273] Referring to FIG. 3D, ¢, (13%) of the film pre-
pared in Synthesis Example 2 is about 2.5 times larger than
¢p (5%) of the film prepared in Comparative Synthesis
Example 2-1.

Synthesis Example 3-1

Preparation of Compound DA1-doped
P(FMA-r-MMA) Film Having x,,,,, of About
0.382

[0274] The P(FMA-r-MMA) (a random copolymer and a
polymer B-1 having x,,,,, (=number of MMA(s)/number of
MMA(s) and FMA(s)) of about 0.382) prepared in Synthesis
Example 1-(3) was dissolved in chloroform at a concentra-
tion of about 1.0 wt %, and then mixed with Compound DA1
(1.2 wt % of Compound DAL1 for polymer B-1), The mixed
solution was drop-cast on a pre-cleaned glass substrate and
kept at room temperature for about 10 minutes. The resulting
drop-cast film was thermally annealed at 120° C. for about
20 minutes under nitrogen atmosphere, leading to the for-
mation of covalent bonding between Compound DA1 and
P(FMA-r-MMA) by Diels-Alder reaction.

Synthesis Example 3-2

Preparation of Compound DA1-doped
P(FMA-r-MMA) Film Having x,,,,, of About
0.723

[0275] A film was prepared in the same manner as in
Synthesis Example 3-1, except that P(FMA-r-MMA) (poly-
mer B-2) having X, ., of about 0.723 was used instead of
polymer B-1.

Synthesis Example 3-3

Preparation of Compound DA1-doped
P(FMA-r-MMA) Film Having X, ., of About
0.884

[0276] A film was prepared in the same manner as in
Synthesis Example 3-1 except that P(FMA-r-MMA) (poly-
mer B-3) having X, ,,,, of about 0.884 was used instead of
polymer B-1.

Comparative Synthesis Example 3-1

Preparation of Compound Br6A-doped P"F
A-r-MMA) Film Having x,,,,, of about 0.382

[0277] A film was prepared in the same manner as in
Synthesis Example 3-1, except that Compound Br6A was
used (at a concentration of about 1.0 wt % for polymer B-1)
instead of Compound DA1.

Comparative Synthesis Example 3-2

Preparation of Compound Br6A-doped
P(FMA-r-MMA) Film Having x,,,,, of About
0.723

[0278] A film was prepared in the same manner as in
Synthesis Example 3-1 except that polymer B-2 was used
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instead of polymer B-1, and Compound Br6 A was used (at
a concentration of about 1.0 wt % for polymer B-2) instead
of Compound DAI.

Comparative Synthesis Example 3-3

Preparation of Compound Br6A-doped
P(FMA-r-MMA) Film Having x,,,,, of About
0.884

[0279] A film was prepared in the same manner as in
Synthesis Example 3-1, except that polymer B-3 was used
instead of polymer B-1, and Compound Br6 A was used (at
a concentration of about 1.0 wt % for polymer B-3) instead
of Compound DAI.

Evaluation Example 4

Film Characteristics Evaluation 2

[0280] ¢, and T, of the films prepared in Synthesis
Examples 3-1 to 3-3 and Comparative Synthesis Examples
3-1 to 3-3 were measured at room temperature. The results
thereof are shown in FIGS. 3D and 3E. Glass transition
temperature (T,) of the films prepared in Synthesis
Examples 3-1 to 3-3 and Comparative Synthesis Examples
3-1 to 3-3 was measured. The results thereof are shown in
FIG. 3F.

[0281] Referring to FIGS. 3D and 3E, it was found that as
Xymes INCTEases, ¢ and T, also increase at all X4, ¢ of
the films prepared in Synthesis Examples 3-1 to 3-3 were
found to be about 2 times larger than those of the films
prepared in Comparative Synthesis Examples 3-1 to 3-3. ¢,
of the films prepared in Synthesis Example 3-3 were found
to reach about 28%, which is comparable to ¢, of crystals of
phosphorescent materials reported in the literature. How-
ever, the increased T, may not fully explain the enhancement
of ¢p, because ¢, of the films prepared in Synthesis
Examples 3-2 and 3-3 was higher than that of the film
prepared in Comparative Synthesis Example 2-1. This indi-
cates that the molecular motions in the vicinity of phosphors
are of high importance.

Evaluation Example 5

Film Characteristics Evaluation 3—Excited State
Kinetics Analysis

[0282] Temperature-dependent measurements of the pho-
toluminescent properties for the films prepared in Synthesis
Example 3-3 and Comparative Synthesis Example 3-3 were
performed. The results thereof are shown in FIGS. 4A to 4C.
To obtain the quantum efficiency for ISC from S, to T,
($75¢), the value of (1-¢)/ ¢, for the films is plotted as a
function of temperature. The plot is shown in FIG. 4D. ¢;¢,
may be determined at a given temperature based on Equa-
tion 1. The plot is shown in FIG. 4E.

L-®p(T)
L+ tkye(T) [ hysc(T))

Equation 1
Qy5c(T) =

[0283] Based on the obtained ¢, the rate constants for
phosphorescence process (k) and non-radiative decay pro-
cess (k,,) were then obtained through Equations 2 and 3. The
results thereof are shown in FIG. 4F.
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kp(T) = Qp(T) Equation 2
®y5c(1)-7p(T)

ko (T) = L () Equation 3

wll) =2 ke

[0284] k,.(143.5 reverse seconds, s™*) of the film prepared
in Synthesis Example 3-3 at room temperature was signifi-
cantly small, as compared with k . (308.0 s™") of the film
prepared in Comparative Synthesis Example 3-3 at room
temperature, indicating that the enhancement of ¢, by cross-
linking is mainly due to the suppression of the non-radiative
decay pathways.

[0285] The non-radiative decay for the films prepared in
Synthesis Example 3-3 and Comparative Synthesis Example
3-3 are plotted as a function of temperature. The results
thereof are shown in FIG. 4F.

[0286] Extraction of the rate constant for ISG from T, to
S, (kzs) and the rate constant for an embedded phosphor by
interaction with the host matrix and/or oxygen were per-
formed based on Equations 4 to 6.

Rk Dy=ke (D +eps(T) Equation 4
k(D=P q'efAEq/kBT Equation 5
) S S e Equation 6

[0287]

[0288] k,;" may be the rate constant for temperature-
dependent ISC from T, to S,

wherein in Formulae 4 to 6,

[0289] k,° may be the rate constant for temperature-
independent ISC from T, to S,

[0290] P, may be a pre-exponential factor,

[0291] AE, may be activation energy of quenching pro-
cesses,

[0292] P, may be the pre-exponential factor of ISC from
T, t0 S,
[0293] AE, may be activation energy of temperature-

dependent ISC from T, to S,, and
[0294]

[0295] kq (65.7 s7') of the film prepared in Synthesis
Example 3-3 at room temperature was about 3.4 times
smaller than k. (223.5 s7') of the film prepared in Com-
parative Synthesis Example 3-3 at room temperature. The
results thereof are shown in FIG. SA. Accordingly, it was
found that the restriction of diffusion/translational motion of
phosphors and of polymer chains effectively suppresses
triplet energy transition (ET) process.

k; may be Boltzmann constant.

Synthesis Examples 4-1 to 4-6

Preparation of Compound DA1-doped Copolymer
Films

[0296] Films according to Synthesis Examples 4-1 to 4-6
were prepared in the same manner as in Synthesis Example
3-1, except that copolymers shown in Table 2 were used
instead of polymer B-1.
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TABLE 2
Used copolymers
(P(FMA-r-monomer A) Knonomer A
Synthesis P(FMA-r-8) (polymer C) 0.873
Example 4-1
Synthesis P(FMA-r-NiPAM) (polymer D) 0.884
Example 4-2
Synthesis P(FMA-r-AM) (polymer E) 0.705
Example 4-3
Synthesis P(FMA-r-AP) (polymer F) 0.732
Example 4-4
Synthesis P(FMA-r-AN) (polymer G) 0.687
Example 4-5
Synthesis P(FMA-r-VBC) (polymer H) 0.707
Example 4-8
[0297] Here, X, ,.omer 4 represents the amount of other

monomers other than FMA, as S in P(FMA-r-S).x,, ..,
is calculated by number of monomer A /number of monomer
A and FMA.

Comparative Synthesis Examples 4-1 to 4-6

Preparation of Compound Br6A-doped Copolymer
Films

[0298] Films according to Comparative Synthesis
Examples 4-1 to 4-6 were prepared in the same manner as
in Synthesis Example 4-1, except that copolymers shown in
Table 3 were used instead of polymer B-1.

TABLE 3
Used copolymers
(P(FMA-r-monomer A) Konomer 4

Comparative  P(FMA-r-S) (pelymer C) 0.873
Synthesis

Example 4-1

Comparative  P(FMA-r-NiPAM) (polymer D) 0.884
Synthesis

Example 4-2

Comparative ~ P(FMA-r-AM) (polymer E) 0.705
Synthesis

Example 4-3

Comparative ~ P(FMA-r-AP) (polymer F) 0.732
Synthesis

Example 4-4

Comparative  P(FMA-r-AN) (polymer G) 0.687
Synthesis

Example 4-5

Comparative ~ P(FMA-r-VBC) (polymer H) 0.707
Synthesis

Example 4-6

[0299] Here, X,,,,.0mer 4 tepresents the amount of other

monomers other than FMA, as S in P(FMA-1-S). X,.,.,.omer 4
is calculated by number of monomer A /number of monomer
A and FMA.

Evaluation Example 6

Film Characteristics Evaluation 4

[0300] ¢, of the films prepared in Synthesis Examples 4-1
to 4-6 and Comparative Synthesis Examples 4-1 to 4-6 were
measured at room temperature. The results thereof are
shown in FIG. 6.

[0301] Referring to FIG. 6, the films prepared in Synthesis
Examples 4-1 to 4-6 were found to have improved ¢,
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compared with the films prepared in Comparative Synthesis
Example 4-1 to 4-6, respectively. Accordingly, it was found
that the method of coupling the compound for an organic
light-emitting device according to one or more embodiments
by covalent linkage may be applied to other polymers as
well.
[0302] Since the compound for an organic light-emitting
device includes at least one cross-linking group, an organic
light-emitting device using a cross-linked material thereof
may have high efficiency.
[0303] 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.
[0304] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the present disclosure as defined
by the following claims

What is claimed is:

1. A compound for an organic light-emitting device rep-
resented by Formula 1:

Formula 1
0O Ry

Ro—Lp)ur—Ar—L)n—Rs

X

wherein, in Formula 1,

A, is selected from an aromatic group and an aromatic

group having extended m-conjugation,
R, is selected from hydrogen and a C,-Cg, alkyl group,
L, and L, are each independently selected from —O—,
—8—, a C,-C,, alkylene group, a C,-C,, oxyalkylene
group, and a C,-C,, thicalkylene group; and

aC,-C,, alkylene group, a C,-C,,, oxyalkylene group, and
a C,-C,, thioalkylene group, each substituted with at
least one selected from a C;-C,, alkyl group and a
C,-C, alkoxy group,

nl and n2 are each independently selected from 0, 1, 2, 3,
4, and 5,

R, and R; are each independently selected from hydrogen
and a first cross-linking group, provided that at least
one of R, and R; is the first cross-linking group, and X
1s selected from —F, —Cl, —Br, and —1.

2. The compound of claim 1, wherein the first cross-
linking group comprises at least one carbon-carbon double
bond.

3. The compound of claim 1, wherein the first cross-
linking group comprises a substructure represented by one
of Formulae 3-1 and 3-2:

31
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-continued
32

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

A, is selected from a C5-C, carbocyclic group and a
C,-C,, heterocyclic group; and

a C4-C,, carbocyclic group and a C,-C,, heterocyclic
group, each substituted with at least one selected from
—F, —Cl, —Br, —I, —C(=0)—, a cyano group, a
nitro group, a C,-C,, alkyl group, and a C,-C,, alkoxy
group,

R;, to R,; are each independently selected from hydro-
gen, —F, —Cl, —Br, —I, —C(—0)—, a cyano group,
a nitro group, a C,-C,, alkyl group, and a C,-C,,
alkoxy group, and

* indicates a binding site to an adjacent atom.

4. The compound of claim 1, wherein

the first cross-linking group is selected from a vinyl
group, a maleimide group, a styrene group, and an
acrylate group; and

a vinyl group, a maleimide group, a styrene group, and an
acrylate group, each substituted with at least one
selected from —F, —Cl, —Br, — —C(=0}—, a
cyano group, a nitro group, a C,-C,, alkyl group, and
a C,-C,, alkoxy group.

5. The compound of claim 1, wherein the first cross-

linking group is selected from groups represented by one of
Formulae 3-11 to 3-14:

R3 Rip
* Ry
3-12
E3
(@) N/
(€]
\
Rsy
R3,
3-13
Ry
Rs
Rss X
x
| = (Ra4)ozs
2
2
E3
3-14
R33 (0]
N A
R3y O
Rs)
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wherein, in Formulae 3-11 to 3-14,

R,, to R, are each independently selected from hydro-
gen, —F, —Cl, —Br, —I, —C(=0)—, a cyano group,
a nitro group, a C,-C,, alkyl group, and a C,-C,,
alkoxy group, and
* indicates a binding site to an adjacent atom.
6. The compound of claim 1, wherein A, is selected from
a pheny! group and a naphthyl group.
7. The compound of claim 1, wherein R, is hydrogen.
8. The compound of claim 1, wherein [; and L, are each
independently selected from —O— and a C,-C,, alkylene
group.
9. The compound of claim 1, wherein R, and R; are each
independently selected from hydrogen and groups repre-
sented by Formulae 3-11 to 3-14, provided that at least one

of R, and R, is selected from groups represented by For-
mulae 3-11 to 3-14:

Rsy R3p
* Ras
3-12
3k
O N/
(€]
\
Rsj
Rs,
3-13
Rs
Ry
Rs3 A
A
| T Rsaeas
Y
ES
3-14
Ris @]
X A
Res 0
Rs)

wherein, in Formulae 3-11 to 3-14,

R;, to R;, are each independently selected from hydro-
gen, —F, —Cl, —Br, —I, —C(=0)—, a cyano group,
a nitro group, a C,-C,, alkyl group, and a C,-C,,
alkoxy group, and

b34 is selected from 1, 2, 3, and 4, and

* indicates a binding site to an adjacent atom.

10. The compound of claim 1, wherein R, and R, are each
the first cross-linking group.

11. The compound of claim 1, wherein X is —Br.

12. The compound of claim 1, wherein the compound for
an organic light-emitting device is represented by Com-
pound DAL:
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DAl

0 O\/\)N\J§
/ .
g/\N(\/\O (6] /

13. A cross-linked material of a compound for an organic
light-emitting device represented by Formula 1 and a poly-
mer:

T

Formula 1
o] Ry

R—Lp)m—A—L)—Rs

X

wherein, in Formula 1,

A, is selected from an aromatic group and an aromatic
group having extended m-conjugation,

R, is selected from hydrogen and a C,-Cg, alkyl group,

L, and L, are each independently selected from —O—,
—S—, a C,-C,, alkylene group, a C,-C,,, oxyalkylene
group, and a C,-C,, thioalkylene group,

nl and n2 are each independently selected from 0, 1, 2, 3,
4, and 5,

R, and R are each independently selected from hydrogen
and a first cross-linking group, provided that at least
one of R, and R; is the first cross-linking group, and

X is selected from —F, —Cl, —Br, and —1I.

14. The cross-linked material of claim 13, wherein the

cross-linked material comprises a constituent unit repre-
sented by one of Formulae 2-1 to 2-3:

Formula 2-1
0 R,
Re—Lp)u—Ar—L)—"
X
Formula 2-2
0 R,
(L) A—(L2)2—Rs
X
Formula 2-3
0 R,

(L) A La)p—"

X

wherein, in Formulae 2-1 to 2-3,
A, is selected from an aromatic group and an aromatic
group having extended m-conjugation,
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R, is selected from hydrogen and a C,-Cg, alkyl group,

L, and L, are each independently selected from —O—,
—S—, a C,-C,, alkylene group, a C,-C,, oxyalkylene
group, and a C,-C,, thioalkylene group,

nl and n2 are each independently selected from 0, 1, 2, 3,
4, and 5,

R, and R; are each independently selected from hydrogen
and a first cross-linking group, provided that at least
one of R, and R; is the first cross-linking group,

X is selected from —F, —Cl, —Br, and —I, and

* indicates a binding site to an adjacent atom.

15. The cross-linked material of claim 13, wherein the

polymer comprises a repeating unit (1) represented by
Formula 4:

Formula 4

Lannar
R42/

wherein, in Formula 4,

L,, is selected from —O—, —S—, a C,-C,, alkylene
group, a C,-C,, oxyalkylene group, and a C,-C,,
thioalkylene group; and

aC,-C,, alkylene group, a C,-C,, oxyalkylene group, and
a C,-C,, thioalkylene group, each substituted with at
least one selected from a C -C,, alkyl group and a
C,-C,, alkoxy group,

n41 is selected from O, 1, 2, 3, 4, and 5,

R,, is selected from hydrogen, a C,-C,, alkyl group, and
a C,-C,, alkoxy group,

R,, is a second cross-linking group, and

* and *' each indicate a binding site to an adjacent atom.

16. The cross-linked material of claim 13, wherein the

polymer comprises a repeating unit (1) selected from repeat-
ing units represented by Formulae 4-11 and 4-12:
4-11

!

4-12

~

-0

wherein, in Formulae 4-11 and 4-12,
* and * each indicate a binding site to an adjacent atom.
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17. The cross-linked material of claim 13, wherein the
polymer comprises a repeating unit (2) selected from repeat-
ing units represented by Formulae 6-1 to 6-4:

6-1
Rq1
*/
*
Rez
\Il\I 0
Re3
6-2
%k’
*
I
N
6-3
Re1
s
*
Res Reg
R¢s R¢7
Res
6-4
R61 £
*
(l) (6]
Reo

wherein, in Formulae 6-1 to 6-4,

R, is selected from hydrogen, a C,-C,, alkyl group, and
a C;-Cy, alkoxy group,

Rgz to R are each independently selected from hydro-
gen, a C,-C,, alkyl group, and a C,-C,, alkoxy group;
and

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from —F, —Cl,
—Br, —I, —C(—0)—, a cyano group, and a nitro
group,

Re, and R are optionally bound to each other to form a
ring, and

* and *' each indicate a binding site to an adjacent atom.

18. The cross-linked material of claim 13, wherein the
polymer comprises a repeating unit (2) selected from repeat-
ing units represented by Formulae 6-21 to 6-34:
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-continued
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31
-continued
6-22 6-30
e
6-23 6-31
wh
#
C
l
N
6-24 6-32
#
&
6-25
6-33
G
&
6-26 7
N
\Cl
6-34
6-27 T/ X0
wherein, in Formulae 6-21 and 6-34,
628 * and * each indicate a binding site to an adjacent atom.
19. An organic light-emitting device comprising;
a first electrode;
a second electrode; and
6.2 an organic layer disposed between the first electrode and

the second electrode,

wherein the organic layer comprises an emission layer
and at least one cross-linked material of claim 13.

20. The organic light-emitting device of claim 19, wherein
the emission layer comprises the at least one cross-linked
material.
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