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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0101347, filed
on Aug. 9, 2017, in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its entirety
by reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to an organic
light-emitting display apparatus.

2. Description of the Related Art

[0003] An organic light-emitting display apparatus is a
self-emission device and includes an organic light-emitting
device, which includes a hole injection electrode, an electron
injection electrode, and an organic emission layer between
the hole injection electrode and the electron injection. Holes
provided from the hole injection electrode and electrons
provided from the electron injection electrode recombine in
the organic emission layer to produce excitons. These exci-
tons transit from an excited state to a ground state, thereby
generating light.

[0004] Because the organic light-emitting display appara-
tus, which is a self-emission device, does not require a
separate light source, the organic light-emitting display
apparatus may be driven at a low voltage and configured to
be lightweight and thin. Also, because of excellent charac-
teristics in terms of a viewing angle, contrast, response time,
and/or the like, the applications of the organic light-emitting
display apparatus have expended from personal portable
devices (such as MP3 players or mobile phones) to televi-
sions.

[0005] However, if ultraviolet rays or the like are intro-
duced from the outside into the organic light-emitting dis-
play apparatus, or if ultraviolet rays are introduced in the
process of manufacturing the organic light-emitting display
apparatus and penetrate into the organic light-emitting dis-
play apparatus, an emission layer, an insulating film, and/or
the like including an organic material may be particularly
seriously damaged.

SUMMARY

[0006] Aspects of the present disclosure are directed
toward an organic light-emitting display apparatus capable
of reducing an amount of ultraviolet rays transmitting
through the organic light-emitting display apparatus.
[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0008] According to an embodiment of the present disclo-
sure, an organic light-emitting display apparatus includes:

[0009] a substrate;
[0010] an organic light-emitting device on the substrate;
and
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[0011] an encapsulation unit on the organic light-emitting
device and configured to seal the organic light-emitting
device,

[0012] wherein the encapsulation unit includes a first
compound represented by Formula 1:

Formula 1
[Ri-(Lparlor-(Ar)ear-[(La)az-Ral sz
Formula 2-1
Rs
|
(]l-‘3)a3
0, N O
I X X
* | 7t La)s—Rales
aa
Formula 2-2
0, N (0]
TR
| s
N
Formula 2-3
O
*—0
/ R¢
Rg
Ry
Formula 2-4
O
*—0
(Lo)as=Ro.
[0013] In Formulae 1 and 2-1 to 2-4,

[0014] An may bea C,;-Cg, carbocyclic group or a C,-Cs,
heterocyclic group,

[0015] c1 may be O or 1,

[0016] L, toL,andL,may each independently be selected
from *—N(R )—*, *—B(R; )—*, *—PR)—*, *—Si
(Rn)a{u)i*s S, *—SeH *—O—* *C
=0)—*, *S(=0)—*, *—S(=0),—*, *—CR,)
—# *__C(=S)—*, a substituted or unsubstituted C,-Cg,
alkylene group, a substituted or unsubstituted C,-C,, alk-
enylene group, a substituted or unsubstituted C,-C, alky-
nylene group, a substituted or unsubstituted C,-C,,
cycloalkylene group, a substituted or unsubstituted C,-C,,
heterocycloalkylene group, a substituted or unsubstituted
C;-C,o cycloalkenylene group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkenylene group, a substituted or
unsubstituted C4-Cy, arylene group, a substituted or unsub-
stituted C,-Cg,, heteroarylene group, a substituted or unsub-
stituted divalent non-aromatic condensed polycyclic group,
and a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group,

[0017] al to a5 and a9 may each independently be an
integer from 0 to 10,
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[0018] R, may be a group represented by Formula 2-1 or
a group represented by Formula 2-2,

[0019] R, to R5 may each independently be selected from
a group represented by Formula 2-3, a group represented by
Formula 2-4, hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a substituted
or unsubstituted C,-C, alkyl group, a substituted or unsub-
stituted C,-Cy, alkenyl group, a substituted or unsubstituted
C,-Cgo alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C,-Cg,
cycloalkoxy group, a substituted or unsubstituted C;-C,
cycloalkyl group. a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkeny! group, a substituted or unsubstituted
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cqo aryl group, a substituted or unsubstituted C4-Cy,
aryloxy group, a substituted or unsubstituted C-C,, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsub-
stituted monovalent non-aromatic condensed heteropolycy-
clic group, SiQ)(Q)Q,). —N(Q)Q). —BQ,)(Qa)
—C(=0)Q)), —S(=0),Q)), and —P(=0)(Q))(Q,),
[0020] R, toR,, R;;, and R,, may each independently be
selected from hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a substituted
or unsubstituted C,-Cy, alkyl group, a substituted or unsub-
stituted C,-Cq, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-Cg
cycloalkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group. a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cqp aryl group, a substituted or unsubstituted
C¢-Cqo aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolyeyclic  group,  SI(Q)(Qs)Qp  —N(Q)Qs),
—BQ)Qs). —C(=0)NQ.).  —S(=0),(Qq). and
—P(=0)(Q.)(Qs5).

[0021] b1 may be an integer from 1 to 10, wherein, when
bl is two or more, two or more *-(L,),,-R,(s) may be
identical to or different from each other,

[0022] b2 may be an integer from 1 to 10, wherein, when
b2 is two or more, two or more *-(L,),,-R,(s) may be
identical to or different from each other,

[0023] b4 may be an integer from 0 to 5, wherein, when b4
is two or more, two or more *-(L,),,-R,(s) may be identical
to or different from each other,

[0024] b5 may be an integer from O to 6, wherein, when b5
is two or more, two or more *-(I5),s-Rs(s) may be identical
to or different from each other,

[0025] at least one substituent of the substituted C,-Cg,
alkylene group, the substituted C,-C, alkenylene group, the
substituted C,-C, alkynylene group, the substituted C5-C,
cycloalkylene group, the substituted C,-C,, heterocy-
cloalkylene group, the substituted C,-C,, cycloalkenylene
group, the substituted C,-C, , heterocycloalkenylene group,
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the substituted C4-Cy, arvlene group, the substituted C,-Cq,
heteroarylene group, the substituted divalent non-aromatic
condensed polycyclic group, the substituted divalent non-
aromatic condensed heteropolycyclic group, the substituted
C,-Cy, alkyl group, the substituted C,-Cy, alkenyl group,
the substituted C,-C, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C;-Cy, cycloalkoxy group, the
substituted C5-C,, cycloalkyl group, the substituted C,-C,
heterocycloalkyl group, the substituted C5-C,, cycloalkenyl
group, the substituted C,-C,, heterocycloalkenyl group, the
substituted Cq-Cgy, aryl group, the substituted C4-Cg,, ary-
loxy group, the substituted C4-Cg, arylthio group, the sub-
stituted C, -C,, heteroary] group, the substituted monovalent
non-aromatic condensed polycyclic group, and the substi-
tuted monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

[0026] deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-Cg, alkyl group, a C,-Cq,
alkenyl group, a C,-C,, alkynyl group, a C,-C, alkoxy
group, and a C,-C, cycloalkoxy group;

[0027] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cg, alkynyl group, a C,-C, alkoxy group, and a C5-Cy,
cycloalkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C;-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,,, heterocycloalkenyl group, a C4-Cg,
aryl group, a C4-Cg, aryloxy group, a C4-Cy arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic  group, —Si(Q;)(Q2)(Q;3),
*N(Qn)(le)a *B(Qn)(le)a 4C(:O)(Q11)a *S(:O)
2(Q1y), and —P(=0)(Q;,)(Q;2);

[0028] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cq, aryl group, a Cy-Cep
aryloxy group, a C4-C,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group;

[0029] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a C4-Cgy
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-Cg, alkyl group, a C,-C,
alkenyl group, a C,-C, alkynyl group, a C,-C,, alkoxy
group, a C;-Cg, cycloalkoxy group, a C5-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C4-Cg, aryloxy group, a C4-Cy, arylthio group,
a C,-C, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic  group, —Si(Q,,)(Q,:)(Q53),
—N(Q2)(Qz2), —B(Q1)(Qz), —C(=0)(Qz1), —S(=0)
2(Q51), and —P(=0)(Q;X(Q,); and
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[0030] —Si(Q;)(Q52)(Qs5), —N(Q5,)(Qs2). —B(Qs))
583235 —C(=0)(Q51), —S(=0),(Qs;), and —P(=0)(Q5,)
[003;1,] Q, 10 Qg Qyy 10 Qi35 Qy; 10 Qy, and Qs to Qs

may each independently be selected from hydrogen, deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-Cg, alkyl group, a C,-Cg, alkenyl
group, a C,-Cg, alkynyl group, a C,-C,, alkoxy group, a
C;-Cqp cycloalkoxy group, a C;-C|, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg, aryl
group, a C4-Cy, aryl group substituted with a C,-Cy, alkyl
group, a C4-Cq, aryl group substituted with a Cg-Cy, aryl
group, a terphenyl group, a C,-C, heteroaryl group, a
C,-Cq, heteroaryl group substituted with a C,-C, alkyl
group, a C,-Cg, heteroaryl group substituted with a C4-Cy,
aryl group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed heteropo-
lycyelic group, a biphenyl group, and a terphenyl group, and

[0032] * and * each indicate a binding site to a neighbor-
ing atom.
[0033] According to another embodiment, an organic

light-emitting display apparatus includes:

[0034] a substrate;

[0035] an organic emission unit on the substrate and
including a plurality of organic light-emitting devices; and
[0036] an encapsulation unit on the organic emission unit
and sealing the organic emission unit,

[0037] wherein the encapsulation unit includes a first
compound represented by Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] 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:

[0039] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment; and

[0040] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to
another embodiment.

DETAILED DESCRIPTION

[0041] The present disclosure will now be described more
fully with reference to exemplary embodiments. The disclo-
sure may, however, be embodied in many different forms
and should not be construed as being limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the concept of the disclosure to those
skilled in the art. Enhancements and features of the present
invention and how to achieve them will become apparent by
reference to the embodiment that will be described later in
more detail, together with the accompanying drawings. This
invention may, however, be embodied in many different
forms and should not be limited to the exemplary embodi-
ments.

[0042] Hereinafter, embodiments are described in more
detail by referring to the accompanying drawings. In the
drawings, like reference numerals denote like elements, and
a redundant explanation thereof will not be provided herein.
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[0043] Ttwill be understood that when a layer, film, region,
or plate is referred to as being “formed on” another layer,
film, region, or plate, it can be directly or indirectly formed
on the other layer, film, region, or plate. That is, for example,
intervening layers, films, regions, or plates may be present.
In addition, sizes of components in the drawings may be
exaggerated for convenience of explanation. In other words,
because sizes and thicknesses of components in the draw-
ings are arbitrarily illustrated for convenience of explana-
tion, the following embodiments of the present disclosure
are not limited thereto. .

[0044] Hereinafter, the terms “first, second, etc.,” are used
only for the purpose of distinguishing one element from
another.

[0045] In the following Examples, the x-axis and the
z-axis are not limited to two axes on the rectangular coor-
dinate system, and may be interpreted in a broader sense. For
example, the x-axis and the z-axis may cross each other at
right angles, but they may also refer to different directions
that the axes do not cross each other at right angles.
[0046] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment.

[0047] In FIG. 1, an organic light-emitting display appa-
ratus according to an embodiment includes a substrate 100,
an organic light-emitting device 200, and an encapsulation
unit 300.

[0048] The substrate 100 may be any one of various
suitable substrates that are utilized in an organic light-
emitting display apparatus in the related art, and may be an
inorganic substrate or an organic substrate, each having high
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and/or water repellency.
[0049] For example, the substrate may be an inorganic
substrate made of a transparent glass material including
SiO, as a main component, but embodiments of the present
disclosure are not limited thereto.

[0050] In one or more embodiment, the substrate may be
an organic substrate having an insulating property. An
organic material having the insulating property may be
selected from, for example, polyethersulphone (PES), poly-
acrylate (PAR), polyetherimide (PEI), polyethyelenen
napthalate (PEN), polyethyleneterephthalate (PET), poly-
phenylene sulfide (PPS), polyallylate, polyimide, polycar-
bonate (PC), cellulose triacetate (TAC), and cellulose
acetate propionate (CAP), but embodiments of the present
disclosure are not limited thereto.

[0051] The organic light-emitting device 200 is disposed
on the substrate 100. The organic light-emitting device 200
may include a first electrode, an intermediate layer including
an emission layer, and a second electrode.

[0052] The first electrode may be formed by, for example,
depositing or sputtering a material for forming the first
electrode on the substrate. When the first electrode is an
anode, the material for forming the first electrode may be
selected from materials with a high work function to facili-
tate hole injection.

[0053] The first electrode may be a reflective electrode, a
semi-transmissive electrode, or a transmissive electrode.
When the first electrode is a transmissive electrode, a
material for forming the first electrode may be selected from
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0,), zinc oxide (ZnO), and any combinations thereof, but
embodiments of the present disclosure are not limited
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thereto. In one or more embodiments, when the first elec-
trode is a semi-transmissive electrode or a reflective elec-
trode, a material for forming the first electrode may be
selected from magnesium (Mg), silver (Ag), aluminum (Al),
aluminum-lithium (Al—TLi), calcium (Ca), magnesium-in-
dium (Mg—In), magnesium-silver (Mg—Ag). and any
combinations thereof, but embodiments of the present dis-
closure are not limited thereto.

[0054] The first electrode may have a single-layered struc-
ture, or a multi-layered structure including two or more
layers. For example, the first electrode may have a three-
layered structure of ITO/Ag/ITO, but the structure of the first
electrode is not limited thereto.

[0055] On the first electrode, an interlayer including an
emission layer may be disposed.

[0056] The interlayer may further include a hole transport
region between the first electrode and the emission layer, and
an electron transport region between the emission layer and
the second electrode.

[0057] On the interlayer, the second electrode may be
disposed. The second electrode may be a cathode that is an
electron injection electrode, and in this regard, a metal for
forming the second electrode may be a material having a low
work function, such as a metal, an alloy, an electrically
conductive compound, or a mixture thereof.

[0058] The second electrode may include at least one
selected from lithium (Li), silver (Ag), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), ITO, and 170, but embodiments of the present disclo-
sure are not limited thereto. The second electrode may be a
transmissive electrode, a semi-transmissive electrode, or a
reflective electrode.

[0059] The first electrode may have a single-layered struc-
ture, or a multi-layered structure including two or more
layers.

[0060] On the organic light-emitting device 200, the
encapsulation unit 300 may be disposed.

[0061] The encapsulation unit 300 may include a first
compound represented by Formula 1 below:

R Dar)or-(Ar e [(Lo)arRolin

[0062] In Formula 1, Ar; may be a C;-Cq, carbocyclic
group or a C,-C,, heterocyclic group.

[0063] For example, Ar, may be selected from a benzene
group, a naphthalene group, an anthracene group, a phenan-
threne group, a pyrene group, a chrysene group, a triph-
enylene group, an indene group, a fluorene group, a benzo-
fluorene group, a spiro-bifluorene group, a carbazole group,
a dibenzofuran group, a dibenzothiophene group, a pyridine
group, a pyrazine group, a pyrimidine group, a pyridazine
group, a pyrrole group, an imidazole group, a quinoline
group, an isoquinoline group, a quinoxaline group, a qui-
nazoline group, a triazine group, an indeno pyrazine group,
an indeno pyridine group, a phenanthroline group, and a
phenanthridine group.

[0064] In one embodiment, An may be selected from a
benzene group, a naphthalene group, an anthracene group, a
fluorene group, a spiro-bifluorene group, a carbazole group,
a dibenzofuran group, a dibenzothiophene group, a pyridine
group, a pyrazine group, a pyrimidine group, a pyridazine
group, and a triazine group.

[0065] In one or more embodiments, Ar, may be selected
from a benzene group, a naphthalene group, an anthracene

Formula 1
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group, a dibenzofuran group, a dibenzothiophene group, a
pyridine group, and a triazine group, but embodiments of the
present disclosure are not limited thereto.

[0066] In Formula 1, c1 may be 0 or 1. cl indicates the

number of Ar;, and when ¢l is 0, *—Ar,—*' is a single
bond.

[0067] In Formula 1, R, may be a group represented by
Formula 2-1 or a group represented by Formula 2-2:
Formula 2-1
Rs
|
(]|~3)a3
0] N O
I AV
= 4[_(]-‘4)114 R, ]l74
L AS
Formula 2-2

@) N O
TR
| 4{‘@5)&;5—1{5 ]b5
aa
[0068] In Formulae 2-1 and 2-2, 1 to Ls, a3 to a5, R; to

R, b4, and b5 are the same as described above, and *
indicates a binding site to a neighboring atom.

[0069] In Formulae 1, 2-1, and 2-2, R, to R may each
independently be selected from: a group represented by
Formula 2-3, a group represented by Formula 2-4, hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a substituted or unsubstituted C,-Cq,
alkyl group, a substituted or unsubstituted C,-C, alkenyl
group, a substituted or unsubstituted C,-Cq, alkynyl group,
a substituted or unsubstituted C,-C, alkoxy group, a sub-
stituted or unsubstituted C;-Cq, cycloalkoxy group, a sub-
stituted or unsubstituted C,-C,, cycloalkyl group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group, a
substituted or unsubstituted C4-Cg, aryloxy group, a substi-
tuted or unsubstituted C4-Cy,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, Si(Q,)(Q,)
(Qs), —N(Q)(Q5), —BQ(Q,), —C(=0)Q)). —S(=0)
2(Q,), and —P(=0)(Q, }(Qy):

Formula 2-3
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-continued
Formula 2-4
(0]
*—0
Lo)ay—Ro
[0070] Q, to Q;, L, a9, and Rg to Ry are the same as

described above, and * indicates a binding site to a neigh-
boring atom.

[0071] In Formulae 1, 2-1, 2-2, and 2-4, L, to L; and L
may each independently be selected from *—N(R, )—*,
*Si(Ry (R ), ¥—S—H Qe ¥ ¥ ¥k
(0)—*, *—S(—0)—*, *—S(=0),—*, *—C(R,)—
¥ C(=S)—*, a substituted or unsubstituted C,-Cg,
alkylene group, a substituted or unsubstituted C,-C,, alk-
enylene group, a substituted or unsubstituted C,-Cg, alky-
nylene group, a substituted or unsubstituted C;-C,,
cycloalkylene group, a substituted or unsubstituted C,-C,,
heterocycloalkylene group, a substituted or unsubstituted
C;-C,, cycloalkenylene group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenylene group, a substituted or
unsubstituted C4-Cy, arylene group, a substituted or unsub-
stituted C,-C,, heteroarylene group, a substituted or unsub-
stituted divalent non-aromatic condensed polycyclic group,
and a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group.

[0072] For example, L, to L5 and L, may each indepen-
dently be selected from:

[0073] *—-S—*, *—O—* *_C(=0)* *-S
(=0)—*, *—8(=0),—*, a C,-C,, alkylene group, a
C,-C,, alkenylene group, a C,-C,, alkynylene group, a
phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, an
indacenylene group, an acenaphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a spiro-benzo-
fluorene-fluorenylene group, a benzofluorenylene group, a
dibenzofluorenylene group, a phenalenylene group, a
phenanthrenylene group, an anthracenylene group, a fluo-
ranthenylene group, a triphenylenylene group, a pyrenylene
group, a chrysenylene group, a perylenylene group, a pen-
taphenylene group, a pyrrolylene group, a thiophenylene
group, a furanylene group, a silolylene group, an imida-
zolylene group, a pyrazolylene group, a thiazolylene group,
an isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, an
indolylene group, an isoindolylene group, an indazolylene
group, a purinylene group, a quinolinylene group, an iso-
quinolinylene group, a benzoquinolinylene group, a
phthalazinylene group, a naphthyridinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, a benzosilolylene group, an
isobenzothiazolylene group, a benzoxazolylene group, an
isobenzoxazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a triazinylene
group, a dibenzofuranylene group, a dibenzothiophenylene
group, a dibenzosilolylene group, a carbazolylene group, a
benzocarbazolylene group, a dibenzocarbazolylene group, a
thiadiazolylene group, an imidazopyridinylene group, an
imidazopyrimidinylene group, an oxazolopyridinylene
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group, a thiazolopyridinylene group, a benzonaphthyridi-
nylene group, an azafluorenylene group, an azaspiro-bifiuo-
renylene group, an azacarbazolylene group, an azadibenzo-
furanylene group, an azadibenzothiophenylene group, and
an azadibenzosilolylene group; and

[0074] a C,-C,, alkylene group, a C,-C,, alkenylene
group, a C,-C,, alkynylene group, a phenylene group, a
pentalenylene group, an indenylene group, a naphthylene
group, an azulenylene group, an indacenylene group, an
acenaphthylene group, a fluorenylene group, a spiro-bifluc-
renylene group, a spiro-benzofluorene-fluorenylene group, a
benzofluorenylene group, a dibenzofluorenylene group, a
phenalenylene group, a phenanthrenylene group, an anthra-
cenylene group, a fluoranthenylene group, a triphenyle-
nylene group, a pyrenylene group, a chrysenylene group, a
perylenylene group, a pentaphenylene group, a pyrrolylene
group, a thiophenylene group, a furanylene group, a
silolylene group, an imidazolylene group, a pyrazolylene
group, a thiazolylene group, an isothiazolylene group, an
oxazolylene group, an isoxazolylene group, a pyridinylene
group, a pyrazinylene group, a pyrimidinylene group, a
pyridazinylene group, an indolylene group, an isoindolylene
group, an indazolylene group, a purinylene group, a quino-
linylene group, an isoquinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridinylene
group, a quinoxalinylene group, a quinazolinylene group, a
cinnolinylene group, a phenanthridinylene group, an acridi-
nylene group, a phenanthrolinylene group, a phenazinylene
group, a benzimidazolylene group, a benzofuranylene
group, a benzothiophenylene group, a benzosilolylene
group, an isobenzothiazolylene group, a benzoxazolylene
group, an isobenzoxazolylene group, a triazolylene group, a
tetrazolylene group, an oxadiazolylene group, a triazinylene
group, a dibenzofuranylene group, a dibenzothiophenylene
group, a dibenzosilolylene group, a carbazolylene group, a
benzocarbazolylene group, a dibenzocarbazolylene group, a
thiadiazolylene group, an imidazopyridinylene group, an
imidazopyrimidinylene group, an oxazolopyridinylene
group, a thiazolopyridinylene group, a benzonaphthyridi-
nylene group, an azafluorenylene group, an azaspiro-bifluo-
renylene group, an azacarbazolylene group, an azadibenzo-
furanylene group, an azadibenzothiophenylene group, and
an azadibenzosilolylene group, each substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, aC,-C,, alkyl
group, a C,-C,, alkoxy group, a C;-C,, cycloalkoxy group,
aC;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl group,
a C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a Cg-Cg, aryl group, a C;-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, a biphenyl group, a terphenyl group, and —Si(Q5,)
(Q32)(Qs3).

[0075] Q;, to Q55 may each independently be selected
from:
[0076] a C,-C,, alkyl group, a C,-C,, alkoxy group, a

C;-C,o cycloalkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, and a
quinazolinyl group; and

[0077] a C,-C,, alkyl group, a C,-C,, alkoxy group, a
C;-C,o cycloalkoxy group, a phenyl group, a biphenyl
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group, a terphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, and a
quinazolinyl group, each substituted with at least one
selected from a C,-C,, alkyl group, a C,-C,, alkoxy group,
a C;-C,, cycloalkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group, and a
quinazolinyl group, and

[0078] * and *' each indicate a binding site to a neighbor-
ing atom.

[0079] In one embodiment, L, to L, and L, may each
independently be selected from *—S—*', *—O—* *—C
(=0)—¥, *—S(=0)*, * S(=0),*, *[C(Z,)
(Z,5)],,—*, and groups represented by Formulae 3-1 to
3-75, but embodiments of the present disclosure are not
limited thereto:
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Formula 3-8
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-continued -continued
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-continued -continued
Formula 3-60 Formula 3-69
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w0l [0080] In Formulae 3-1 to 3-75,
[0081] Y, may be O, S, C(Z5)(Z,), N(Z3), or Si(Z;)(Z,).
Formula 3-66 [0082] 7, to 7, may each independently be selected from

L\~
p
/

z
Z

>\_

) N\ AN hydrogen, deuterium, —F, —CF;, —Cl, —Br, —I, a
| T hydroxyl group, a cyano group, a nitro group, an amidino
NP group, a hydrazino group, a hydrazono group, a C,-C,, alkyl

FY N

group, a C,-C,, alkoxy group, a C,-C,, cycloalkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a triphenylenyl group,
1) a pyrenyl group, a chrysenyl group, a pyridinyl group, a
N pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group, and —Si(Qs,)(Qs2)(Qs3):

[0083] Q,, to Q;; may each independently be selected

Formula 3-67

*

\L/

*

Formula 3-68
* from a C,-C,, alkyl group, a C,-C,, alkoxy group, a C5-C,,
\ N cycloalkoxy group, a phenyl group, a biphenyl group, a
| /\/ \j @ terphenyl group, and a naphthyl group,
\/\ / Lt [0084] d3 may be an integer from 1 to 3,
/ # N [0085] d4 may be an integer from 1 to 4,
* [0086] d5 may be an integer from 1 to 5,

[0087] d6 may be an integer from 1 to 6,
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[0088] d8 may be an integer from 1 to 8§,

[0089] nl may be an integer from 1 to 20, and

[0090] * and *' each indicate a binding site to a neighbor-
ing atom.

[0091] al to a5 and a9 in Formulae 1, 2-1, 2-2, and 2-4
may each independently be an integer from 0 to 10. al
indicates the number of L ,(s), wherein, when al is zero,
*-[,-*' may be a single bond, and when al is two or more,
two or more L, (s) may be identical to or different from each
other.

[0092] For example, al to a5 and a9 may each indepen-
dently be an integer from 0 to 6.

[0093] In one embodiment, al to a5 and a9 may each
independently be an integer from 0 to 3.

[0094] In one or more embodiments, al to a5 and a9 may
each independently be 0, 1, or 2, but embodiments of the
present disclosure are not limited thereto.

[0095] In one embodiment, Ar, in Formula 1 may be
selected from groups represented by Formulae 4-1 to 4-59,
and L, to Ls and L, in Formulae 1, 2-1, 2-2, and 2-4 may
each independently be selected from *—O—* *—C
(=0)—*, *—CH,—*, *—(CH,),—*, *—(CH,),—*,
*—(CH,),*, *—(CH,)s—™*, and groups represented by
Formulae 4-1 to 4-58 and 4-60, but embodiments of the
present disclosure are not limited thereto:
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-continued -continued
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[0096] *.*') and *" in Formulae 4-1 to 4-60 each indicate
a binding site to a neighboring atom.

[0097] R, in Formula 1 may be a group represented by
Formula 2-1 or a group represented by Formula 2-2.

[0098] Forexample, the group represented by Formula 2-1
may be a group represented by Formula 2-1A, but embodi-
ments of the present disclosure are not limited thereto:
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Formula 2-1A
[0099]
R;
|
(T|~3)a3
(€] N, (0]
XX
l 4{‘(L4)a4—R4 ] .
/ / b4
[0100] InFormula2-1A,1,,L,, a3, a4, R;, R,, and b4 are

the same as described above, and * indicates a binding site
to a neighboring atom.

[0101] In one embodiment, in Formulae 1, 2-1, and 2-2,
R, to Rs may each independently be selected from:

[0102] a group represented by Formula 2-3, a group rep-
resented by Formula 2-4, hydrogen, deuterium, —F, —ClI,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazino group, a hydrazono group,
Si(Q)(Q)Q5), a C,-Cyy alkyl group, a C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C,-C,, alkoxy
group, and a C;-C,, cycloalkoxy group;

[0103] aC,-C,, alkyl group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,-C,, alkoxy group, and
a C;-C,, cycloalkoxy group, each substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, and a hydrazono group;

[0104] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-bifluorenyl group, a spiro-benzo-
fluorene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group., a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentaphenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, a benzosilolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a thiadiazolyl group, an imidazopyridinyl
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group, an imidazopyrimidinyl group, an oxazolopyridinyl
group, a thiazolopyridinyl group, a benzonaphthyridinyl
group, an azafluorenyl group, an azaspiro-bifluorenyl group,
an azacarbazolyl group, an azadibenzofuranyl group, an
azadibenzothiophenyl group, and an azadibenzosilolyl
group; and

[0105] a cyclopentyl group, a cyclohexyl group, a cyclo-
hepty] group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-bifluorenyl group, a spiro-benzo-
fluorene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentaphenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, a benzosilolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a thiadiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, an oxazolopyridinyl
group, a thiazolopyridinyl group, a benzonaphthyridinyl
group, an azafluorenyl group, an azaspiro-bifluorenyl group,
an azacarbazolyl group, an azadibenzofuranyl group, an
azadibenzothiophenyl group, and an azadibenzosilolyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a C;-C,, cycloalkoxy group, a C;-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C,-C,
aryl group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-
aromatic condensed heteropolycyclic group, a biphenyl

group, a terphenyl group and —Si(Q;,)(Q3,)(Qs5), and

[0106] Q, to Q,and Q;, to Q,, may each independently be
selected from:
[0107] a C,-C,, alkyl group, a C,-C,, alkoxy group, a

phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a quinolinyl group, an isoquinolinyl group, a
quinoxaliny] group, and a quinazolinyl group; and

[0108] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a quinolinyl group, an isoquino-
linyl group, a quinoxalinyl group, and a quinazolinyl group,
each substituted with at least one selected from a C,-C,
alkyl group, a C,-C,, alkoxy group, and a phenyl group.



US 2019/0051860 A1

[0109] In one embodiment, R, to Rs may each indepen-
dently be selected from:

[0110] a group represented by Formula 2-3, a group rep-
resented by Formula 2-4, hydrogen, deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazino group, a hydrazono group, a
C,-C,, alkyl group, a C;-C,, cycloalkyl group, a C,-C,,
alkoxy group, a C;-C,, cycloalkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a furanyl group, a ben-
zofuranyl group, a dibenzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, and —Si(Q)(Q,)(Qs);
and

[0111] a C,-C,, alkyl group, a C;-C,, cycloalkyl group, a
C,-C,, alkoxy group, a C5-C,, cycloalkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a spiro-bifluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a phenanthre-
nyl group, an anthracenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a carbazolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, a fura-
nyl group, a benzofuranyl group, a dibenzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, and a ftriazinyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C;-Cj,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a carbazolyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, a furanyl group, a benzofuranyl group,
a dibenzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a dibenzothiophenyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group, and —Si(Q;,)(Q;,)(Qs3), and

[0112] Q, to Q;and Q;, to Q,; may each independently be
selected from a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, and a
naphthy! group.

[0113] In one or more embodiments, R, to Ry may each
independently be selected from a group represented by
Formula 2-3, a group represented by Formula 2-4, hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C;-Cj,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an anthracenyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group,
and —Si(Q,)(Q,)(Q5); and
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[0114] a C,-C,, alkyl group, a C;-C,, cycloalkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an anthracenyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, and a triazinyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C;-Cj,
cycloalkyl group, a C,-C,, alkoxy group, a C,;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an anthracenyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group,
and —Si(Q3;)(Q3)(Qs3), and

[0115] Q, to Q;and Q;, to Q5; may each independently be
selected from a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group. a biphenyl group, a terphenyl group, and a
naphthy! group, but embodiments of the present disclosure
are not limited thereto.

[0116] InFormulae 1, 2-3,and2-4, R, to Ry, R;;, and R,
may each independently be selected from hydrogen, deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a substituted or unsubstituted C,-Cg, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group,
a substituted or unsubstituted C,-C, alkynyl group, a sub-
stituted or unsubstituted C,-C, alkoxy group, a substituted
or unsubstituted C5-Cg, cycloalkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substituted
or unsubstituted C;-C, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cq, aryl group, a substituted or
unsubstituted C4-C, aryloxy group, a substituted or unsub-
stituted C4-Cg, arvlthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolyeyclic - group, Si(Q)(Q5)(Qq); —N(QL)(Qs),
—BQJQ,), —CE=O0NQ),  —S(=0),(Qq),  and
—P(=0)(Q4)(Qs5), and

[0117] Q, to Qg are the same as described above.

[0118] For example, R to Ry, R};, and R, may each
independently be selected from:

[0119] hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, Si(Q,)(Qs)
(Qg), a C,-Cyq alkyl group, a C5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,-C,,, alkoxy group, and
a C5-C,q cycloalkoxy group;

[0120] a C,-C,, alkyl group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,-C,, alkoxy group, and
a C5-C,, cycloalkoxy group, each substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, and a hydrazono group;

[0121] a cyclopentyl group, a cyclohexyl group, a cyclo-
hepty] group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group,
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a fluorenyl group, a spiro-bifluorenyl group, a spiro-benzo-
fluorene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group., a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentaphenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, a benzosilolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a thiadiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, an oxazolopyridinyl
group, a thiazolopyridinyl group, a benzonaphthyridinyl
group, an azafluorenyl group, an azaspiro-bifluorenyl group,
an azacarbazolyl group, an azadibenzofuranyl group, an
azadibenzothiophenyl group, and an azadibenzosilolyl
group; and

[0122] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, an indacenyl group, an acenaphthyl group,
a fluorenyl group, a spiro-bifluorenyl group. a spiro-benzo-
fluorene-fluorenyl group, a benzofluorenyl group, a diben-
zofluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
perylenyl group, a pentaphenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, a silolyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, a benzosilolyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a thiadiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, an oxazolopyridinyl
group, a thiazolopyridinyl group, a benzonaphthyridinyl
group, an azafluorenyl group, an azaspiro-bifluorenyl group,
an azacarbazolyl group, an azadibenzofuranyl group, an
azadibenzothiophenyl group, and an azadibenzosilolyl
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group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a C;-C,, cycloalkoxy group, a C;-C,, cycloalkyl
group, a C,-C |, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-
aromatic condensed heteropolycyclic group, a biphenyl

group, a terphenyl group, and —Si(Q;,)(Q;,)(Q,5), and

[0123] Q,to Qgand Q5 to Q55 may each independently be
selected from:
[0124] a C,-C,, alkyl group, a C,-C,, alkoxy group, a

phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a pyridinyl group, a pyrimidiny]1 group, a pyrazi-
nyl group, a quinolinyl group, an isoquinolinyl group, a
quinoxalinyl group, and a quinazolinyl group; and

[0125] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a quinolinyl group, an isoquino-
linyl group, a quinoxalinyl group, and a quinazolinyl group,
each substituted with at least one selected from a C,-C,,
alkyl group, a C,-C,, alkoxy group, and a phenyl group.
[0126] In one embodiment, Ry to Rg, R;;, and R,, may
each independently be selected from:

[0127] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, aC,-C,, alkyl
group, a C;-C, cycloalkyl group, a C,-C,, alkoxy group, a
C;-C,, cycloalkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a furanyl group, a ben-
zofuranyl group, a dibenzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a dibenzothiophenyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, and —Si(Q,)(Q5)(Qy);
and

[0128] a C,-C,, alkyl group, a C5-C,, cycloalkyl group, a
C,-C,, alkoxy group, a C,-C,, cycloalkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a spiro-bifluorenyl group, a ben-
zofluorenyl group, a dibenzofluorenyl group, a phenanthre-
nyl group, an anthracenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a carbazolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, a fura-
nyl group, a benzofuranyl group, a dibenzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, and a triazinyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C;-C,,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl

group, a triphenylenyl group, a pyrenyl group, a chrysenyl
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group, a carbazolyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, a furanyl group, a benzofuranyl group,
a dibenzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a dibenzothiophenyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group and —Si(Q;;)(Q;,)(Qs5), and

[0129] Q,to Qgand Q5 to Q,; may each independently be
selected from a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, and a
naphthyl group.

[0130] In one or more embodiments, R, to Ry, R;,, and
R,, may each independently be selected from hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C;-Cj,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an anthracenyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group
and —Si(Q4)(Qs)(Qe); and

[0131] aC,-C,, alkyl group, a C;-C,, cycloalkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an anthracenyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, and a triazinyl
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C;-Cj,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, an anthracenyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzothio-
phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group
and —8i(Q;)(Qa2)(Qs5), and

[0132] Q,to Qg and Q;, to Q,, may each independently be
selected from a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, and a
naphthyl group, but embodiments of the present disclosure
are not limited thereto.

[0133] b1 in Formula 1 may be an integer from 1 to 10. bl
indicates the number of *-(L,),,-R, (s), wherein, when bl is
two or more, two or more *-(L,),,-R,(s) may be identical to
or different from each other.

[0134] In one embodiment, bl may be an integer from 1
to 5.

[0135] In one or more embodiments, b1 may be 1, 2, or 3.
[0136] In one or more embodiments, b1 may be 1 or 2, but

embodiments of the present disclosure are not limited
thereto.

[0137] b2 in Formula 1 may be an integer from 1 to 10. b2
indicates the number of *-(L,),,,-R,(s), wherein, when b2 is
two or more, two or more *-(L,)_,-R,(s) may be identical to
or different from each other.

[0138] In one embodiment, b2 may be an integer from 1
to 5.

[0139] In one or more embodiments, b2 may be 1, 2, or 3.
[0140] In one or more embodiments, b2 may be 1 or 2, but

embodiments of the present disclosure are not limited
thereto.
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[0141] b4 in Formula 2-1 may be an integer from 0 to 5.
b4 indicates the number of *-(L,)_,-R,(s), wherein, when b4
is two or more, two or more *-(L,),4-R,(s) may be identical
to different from each other.

[0142]

[0143] In one or more embodiments, b4 may be O or 1, but
embodiments of the present disclosure are not limited
thereto.

[0144] b5 in Formula 2-2 may be an integer from 0 to 6.
b5 indicates the number of *-(L;) 5-R5(s), wherein, when b5
is two or more, two or more *-(L5)_5s-R,(s) may be identical
to or different from each other.

[0145]

[0146] In one or more embodiments, b5 may be 0, 1, or 2,
but embodiments of the present disclosure are not limited
thereto.

[0147] In one embodiment, the first compound may be
represented by one of Formulae 1A to 1P:

In one embodiment, b4 may be 0, 1, or 2.

In one embodiment, b5 may be 0, 1, 2, or 3.

Formula 1A
R
|
a1
x
—t LRl
/
Formula 1B
R
(Ll)al
TR
| —— t@da—Rale2
aa
Formula 1C
Ry
(Ll)al \ \
| Tt
ai
Formula 1D
Ry
|
Lpar
F(La)aa—Rolsa
Formula 1E
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Formula 1F
La)aa— Rz]
| b2
R,
Formula 1G
R
Formula 1H
Formula 11
R,
(Ll)al
AN
—FLo)=Raln
/
Formula 1J
R,
|
La1
x
Tl Roln
z N
Formula 1K
R
|
La1
N

| N;[’ Loa—Rale
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Formula 1L
Ry
|
LDar
0y
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7
Formula 1M
Ry
|
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x
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/
(Irzl)azl
Ry
Formula IN
Ry
|
(Ll)al
T
Tt @)a— Rl
raa
Lana1
Raj
Formula 10
Ry
|
La1
7 | TR
| Fl)a—Raln
Lan)a
Ry
Formula 1P

Ri— (L pa— L2)e2—Ra-

[0148] In Formulae 1Ato 1P, L, L,, al, a2, R, R,, and
b2 are the same as described herein in connection with
Formula 1, and L,,, a21, and R,, are the same as described
in connection with [;, al, and R, respectively.

[0149] For example, L, L,, and L,; in Formula 1A to 1P
may each independently be selected from *—S—*' *—O—
% C(—0)—*, *—S(=0)—, *—$(=0),", *—[C(Z,)
(Z,)],,—*, and groups represented by Formulae 3-1 to
3-75.

[0150] In one or more embodiments, L, L,, and L,, in
Formulae 1A to 1P may each independently be selected from
0¥, *C(=0)—, *—CH—*. *—(CH,),—*,
*—(CH,)s—*', *—(CH,),—*, *—(CH,)s—"*, and groups
represented by Formulae 4-1 to 4-58 and 4-60.
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[0151] In one or more embodiments, R, and R,, in For- _continued
mulae 1A to 1P may each independently be a group repre-

sented by Formula 2-1A or a group represented by Formula

2-2.

[0152] In one or more embodiments, R, and R,, in For-
mulae 1M to 10 may each be a group represented by
Formula 2-1. For example, R, and R,, in Formulae 1M to
10 may each be a group represented by Formula 2-1A.

[0153] In one or more embodiments, R, and R,, in For-
mulae 1M to 10 may each be a group represented by
Formula 2-2.

[0154] The first compound may be one of Compounds 1 to
205, but embodiments of the present disclosure are not
limited thereto:

]
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[0155] The first compound absorbs ultraviolet rays to
prevent or substantially prevent the ultraviolet rays from
transmitting through the organic light-emitting device 200.
Therefore, the organic light-emitting display apparatus 10,
in which the first compound is included in the encapsulation
unit 300, may prevent or substantially prevent the emission
layer, the insulating film, and/or the like (including the
organic material) from being damaged by the ultraviolet
rays. For example, the first compound may absorb light
having a wavelength of about 400 nm to about 410 nm.

[0156] In one embodiment, a first compound solution in a
solvent (e.g., the first compound dissolved in a solvent, for
example, toluene) has a transmittance of about 10% or less
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(for example, about 8% or less) with respect to light having
awavelength of about 400 nm to about 410 nm (for example,
about 405 nm).

[0157] In one or more embodiments, the first compound
solution in the solvent (for example, toluene) has a trans-
mittance of about 20% or more (for example, about 25% or
more) with respect to light having a wavelength of about 425
nm to about 435 nm (for example, about 430 nm).

[0158] In one embodiment, the encapsulation unit 300
may further include a second compound that is different
from the first compound, and a wavelength range of light
absorbed by the first compound may be different from a
wavelength range of light absorbed by the second com-
pound.

[0159] For example, the second compound may include
one selected from a benzophenone-based compound, a ben-
zotriazole-based compound, a benzoate-based compound, a
cyanoacrylate-based compound, a triazine-based compound,
an oxanilide-based compound, and a salicylate-based com-
pound.

[0160] The benzophenone-based compound may include,
for example, 2.,4-dihydroxybenzophenone, 2-hydroxy-4-
methoxybenzophenone, 2-hydroxy-4-octylbenzophenone,
4-dodecyloxy-2-hydroxybenzophenone, 4-benzyloxy-2-hy-
droxybenzophenone, 2,2'4,4'-tetrahydroxybenzophenone,
and 2,2'-dihydroxy-4.,4'-dimethoxybenzophenone.

[0161] The benzotriazole-based compound may include,
for example, 2-(5-methyl-2-hydroxyphenyl)benzotriazole,
2-[2-hydroxy-3,5-bis(a.,a-dimethylbenzyl)phenyl]-2H-ben-
zotriazole,  2-(3,5-di-t-butyl-2-hydroxyphenyl)benzotriaz-
ole, 2-(3-t-butyl-5-methyl-2-hydroxyphenyl)-5-chloroben-
zotriazole, 2-(3,5-di-t-butyl-2-hydroxyphenyl)-5-
chlorobenzotriazole, 2-(3,5-di-t-acyl-2-hydroxyphenyl)
benzotriazole, and 2-(2'-hydroxy-5'-t-octylphenyl)
benzotriazole.

[0162] The benzoate-based compound may include, for

example,  2,4-di-t-butylphenyl-3',5'-di-t-butyl-4-hydroxy-
benzoate.
[0163] The triazine-based compound may include, for

example, 2-[4-[(2-hydroxy-3-dodecyloxypropyl)oxy]-2-hy-
droxyphenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine,
and the like.

[0164] The salicylate-based compound may include, for
example, phenylsalicylate, 4-t-butylphenylsalicylate, and
the like.

[0165] A mixing ratio of the first compound to the second
compound may be appropriately selected by taking into
account device characteristics, the degree of ultraviolet
absorption, and/or the like.

[0166] In one embodiment, the encapsulation unit 300
may further include a third compound that is different from
the first compound, and the first compound may be dispersed
in the third compound. In one embodiment, the first com-
pound may be simply dispersed in the third compound. In
another embodiment, the first compound may be cross-
linked to the third compound. For example, the first com-
pound may include a group represented by Formula 2-3, and
the first compound may be cross-linked to the third com-
pound.

[0167] In one embodiment, the encapsulation unit 300
may further include a metal, a metal halide, a metal nitride,
a metal oxide, a metal oxynitride, a silicon nitride, a silicon
oxide, and/or a silicon oxynitride.
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[0168] For example, the encapsulation unit 300 may
include at least one selected from MgF,, LiF, AlF;, NaF, a
silicon oxide, a silicon nitride, a silicon oxynitride, an
aluminum oxide, an aluminum nitride, an aluminum oxyni-
tride, a titanium oxide, a titanium nitride, a tantalum oxide,
a tantalum nitride, a hafnium oxide, a hafnium nitride, a
zirconium oxide, a zirconium nitride, a cerium oxide, a
cerium nitride, a tin oxide, a tin nitride, and a magnesium
oxide, but embodiments of the present disclosure are not
limited thereto.

[0169] In one embodiment, the encapsulation unit 300
may include at least one organic film and at least one
inorganic film, and the at least one organic film may include
the first compound.

[0170] For example, the at least one organic film may
consist of the first compound.

[0171] In one or more embodiments, the at least one
organic film may further include, in addition to the first
compound, the second compound. The second compound is
the same as described above.

[0172] In one or more embodiments, the at least one
organic film may further include, in addition to the first
compound, the third compound, and the first compound may
be dispersed in the third compound. Here, the first com-
pound may be simply dispersed in the third compound, or
the first compound may be cross-linked to the third com-
pound.

[0173] For example, the third compound may be a poly-
mer resin. The polymer resin may include, for example, an
acryl-based resin, a methacryl-based resin, an isoprene-
based resin, a vinyl-based resin, an epoxy-resin resin, a
urethane-based resin, a cellulose-based resin, a perylene-
based resin, and/or an imide-based resin, but embodiments
of the present disclosure are not limited thereto.

[0174] A mixing ratio of the first compound to the third
compound may be appropriately selected by taking into
account device characteristics, the degree of ultraviolet
absorption, and/or the like.

[0175] In one or more embodiments, the at least one
organic film may further include the second compound and
the third compound in addition to the first compound.
[0176] The at least one organic film may be formed in a
certain region utilizing various suitable methods, such as
vacuum deposition, spin coating, casting, Langmuir-
Blodgett (MB) deposition, ink-jet printing, laser-printing,
and laser-induced thermal imaging. The number and thick-
ness of organic films may be appropriately selected by
taking into account productivity, device characteristics, and/
or the like.

[0177] In one embodiment, the at least one inorganic film
may include a metal, a metal halide, a metal nitride, a metal
oxide, a metal oxynitride, a silicon nitride, a silicon oxide,
and/or a silicon oxynitride.

[0178] For example, the inorganic film may include at
least one selected from MgF,, LiF, AlF,, NaF, a silicon
oxide, a silicon nitride, a silicon oxynitride, an aluminum
oxide, an aluminum nitride, an aluminum oxynitride, a
titanium oxide, a titanium nitride, a tantalum oxide, a
tantalum nitride, a hafhium oxide, a hafnium nitride, a
zirconium oxide, a zirconium nitride, a cerium oxide, a
cerium nitride, a tin oxide, a tin nitride, and a magnesium
oxide, but embodiments of the present disclosure are not
limited thereto.
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[0179] The at least one inorganic film may be formed in a
certain region utilizing various suitable methods, such as
chemical vapor deposition (CVD), plasma-enhanced chemi-
cal vapor deposition (PECVD), sputtering, atomic layer
deposition (ALD), and thermal evaporation. The number
and thickness of inorganic films may be appropriately
selected by taking into account productivity, device charac-
teristics, and/or the like.

[0180] In one embodiment, the at least one organic film
may include a first organic film, the at least one inorganic
film may include a first inorganic film, and the first organic
film may be disposed between the organic light-emitting
device 200 and the first inorganic film. For example, the at
least one organic film may include a first organic film, the at
least one inorganic film may include a first inorganic film,
and the first organic film and the second inorganic film may
be sequentially stacked from the organic light-emitting
device 200 in this stated order. It should be understood that
the expression “sequentially stacked” does not exclude a
case where another film is disposed between the organic
light-emitting device 200 and the first organic film, and/or
between the first organic film and the first inorganic film.
[0181] In one or more embodiments, the at least one
organic film may include a first organic film, the at least one
inorganic film may include a first inorganic film, and the first
inorganic film may be disposed between the organic light-
emitting device 200 and the first organic film. For example,
the at least one organic film may include a first organic film,
the at least one inorganic film may include a first inorganic
film, and the first inorganic film and the first organic film
may be sequentially stacked from the organic light-emitting
device 200 in this stated order.

[0182] In one or more embodiments, the at least one
organic film may include a first organic film, the at least one
inorganic film may include a first inorganic film and a
second inorganic film, and the first inorganic film, the first
organic film, and the second inorganic film may be sequen-
tially stacked from the organic light-emitting device 200 in
this stated order.

[0183] In one or more embodiments, the at least one
organic film may include a first organic film and a second
organic film, the at least one inorganic film may include a
first inorganic film, and the first organic film, the first
inorganic film, and the second organic film may be sequen-
tially stacked from the organic light-emitting device 200 in
this stated order.

[0184] In one or more embodiments, the at least one
organic film may include a first organic film and a second
organic film, the at least one inorganic film may include a
first inorganic film and a second inorganic film, and the first
inorganic film, the first organic film, the second inorganic
film, and the second organic film may be sequentially
stacked from the organic light-emitting device 200 in this
stated order.

[0185] In one or more embodiments, the at least one
organic film may include a first organic film and a second
organic film, the at least one inorganic film may include a
first inorganic film and a second inorganic film, and the first
organic film, the first inorganic film, the second organic film,
and the second inorganic film may be sequentially stacked
from the organic light-emitting device 200 in this stated
order.

[0186] In one or more embodiments, the at least one
organic film may include a first organic film and a second
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organic film, the at least one inorganic film may include a
first inorganic film and a second inorganic film, and the first
inorganic film, the second inorganic film, the first organic
film, and the second organic film may be sequentially
stacked from the organic light-emitting device 200 in this
stated order.

[0187] In one or more embodiments, the at least one
organic film may include a first organic film and a second
organic film, the at least one inorganic film may include a
first inorganic film and a second inorganic film, and the first
organic film, the second organic film, the first inorganic film,
and the second inorganic film may be sequentially stacked
from the organic light-emitting device 200 in this stated
order.

[0188] In one or more embodiments, the at least one
organic film may include a first organic film and a second
organic film, the at least one inorganic film may include a
first inorganic film, a second inorganic film, and a third
inorganic film, and the first inorganic film, the first organic
film, the second inorganic film, the second organic film, and
the third inorganic film may be sequentially stacked from the
organic light-emitting device 200 in this stated order.

[0189] In one or more embodiments, the at least one
organic film may include a first organic film, a second
organic film, and a third organic film, the at least one
inorganic film may include a first inorganic film and a
second inorganic film, and the first organic film, the first
inorganic film, the second organic film, the second inorganic
film, and the third organic film, may be sequentially stacked
from the organic light-emitting device 200 in this stated
order, but embodiments of the present disclosure are not
limited thereto. The number of organic films, the number of
inorganic films, and the stacking order of the inorganic films
and the organic films may be appropriately changed accord-
ing to design.

[0190] The organic light-emitting display apparatus 10
may include a plurality of organic light-emitting devices
200. According to an embodiment, an organic light-emitting
display apparatus 10 includes: a substrate; an organic emis-
sion unit disposed above the substrate and including a
plurality of organic light-emitting devices 200; and an
encapsulation unit 300 disposed above the organic emission
unit and sealing the organic emission unit, wherein the
encapsulation unit 300 includes the first compound repre-
sented by Formula 1. The first compound is the same as
described above.

[0191] For example, the encapsulation unit 300 may fur-
ther include the second compound and/or the third com-
pound in addition to the first compound. The second com-
pound and the third compound are the same as described
above.

[0192] In one or more embodiments, the encapsulation
unit 300 may further include, in addition to the first com-
pound, a metal, a metal halide, a metal nitride, a metal oxide,
a metal oxynitride, a silicon nitride, a silicon oxide, and/or
a silicon oxynitride.

[0193] In one or more embodiments, the encapsulation
unit 300 may include at least one organic film and at least
one inorganic film, and the at least one organic film may
include the first compound. The at least one organic film and
the at least one inorganic film are the same as described
above.
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[0194] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment

[0195] Referring to FIG. 2, a back plane is formed. The
back plane may be understood as including a substrate 100,
a plurality of first electrodes 210R, 210G, and 210G above
the substrate 100, and a pixel defining film 180 exposing at
least a part of a central portion of each of the plurality of first
electrodes 210R, 210G, and 210B. The pixel defining film
180 may have a shape protruding more (e.g., higher) than the
plurality of first electrodes 210R, 210G, and 210B (+z
direction) with respect to the substrate 100.

[0196] The plurality of first electrodes 210R, 210G, and
210B may be understood as pixel electrodes. Among the
pixel electrodes, the pixel electrode 210B, the pixel elec-
trode 210R, and the pixel electrode 210G may be understood
as a first pixel electrode, a second pixel electrode, and a third
pixel electrode, respectively. This is because intermediate
layers formed on the first to third pixel electrodes may be
different from one another. Hereinafter, for convenience, the
terms “pixel electrode 210R”, “pixel electrode 210G”, and
“pixel electrode 210B” are utilized instead of the first pixel
electrode, the second pixel electrode, and the third pixel
electrode. The description of the pixel electrodes are sub-
stantially the same as the description of the first electrode.
[0197] The pixel defining film 180 has an opening corre-
sponding to each sub-pixel, that is, an opening exposing the
central portions of the pixel electrodes 210R, 210G, and
210B or the entire portions of the pixel electrodes 210R,
210G, and 210B, and thus may serve to define pixels. Also,
the pixel defining film 180 increases a distance between ends
of the pixel electrodes 210R, 210G, and 210B and a second
electrode (not illustrated) above the pixel electrodes 210R,
210G, and 210B, thus preventing or reducing occurrence of
arc at the ends of the pixel electrodes 210R, 210G, and
210B.

[0198] If necessary, the back plane may further include
various elements. For example, as illustrated in FIG. 2, a thin
film transistor TFT or a capacitor Cap may be formed on the
substrate 100. The back plane may include other elements,
such as a buffer layer 110 for preventing or substantially
preventing impurities from penetrating into a semiconduc-
tor, layer of the thin film transistor TFT, a gate insulating
film 130 for insulating the semiconductor layer of the thin
film transistor TFT from a gate electrode thereof, an inter-
layer insulating layer 150 for insulating a source electrode
and a drain electrode of the thin film transistor TFT from the
gate electrode thereof, and a planarization film 170 covering
the thin film transistor TFT and having a substantially flat
upper surface.

[0199] After the back plane is formed, intermediate layers
220R, 220G, and 220B are formed. The intermediate layers
220R, 220G, and 220B may have a multi-layered structure
including an emission layer. In this case, unlike that illus-
trated in FIG. 2, some of the intermediate layers 220R,
220G, and 220B may be a common layer substantially
corresponding to the entire surface of the substrate 100, and
others thereof may be pattern layers patterned corresponding
to the pixel electrodes 210R, 210G, and 210B.

[0200] After the intermediate layers 220R, 220G, and
220B, a second electrode 230 is formed on the intermediate
layers 220R, 220G, and 220B.

[0201] After the second electrode 230 is formed, an encap-
sulation unit 300 is formed so as to protect the organic
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light-emitting devices 200 including the pixel electrodes
210R, 210G, and 210B, the intermediate layers 220R, 220G,
and 220B, and the second electrode 230 from impurities
such as external oxygen and/or moisture.

[0202] The encapsulation unit 300 may extend to not only
the upper surface but also the side surface of the organic
light-emitting device 200 and contact a part of the substrate
100. Therefore, it is possible to effectively prevent or
substantially prevent external oxygen and moisture from
penetrating into the organic light-emitting device 200.
[0203] The encapsulation unit 300 may include the first
compound represented by Formula 1.

[0204] The term “C,-Cg, alkyl group” as used herein
refers to a linear or branched saturated aliphatic hydrocarbon
monovalent group having 1 to 60 carbon atoms, and
examples thereof include a methyl group, an ethyl group, a
propy! group, an isobutyl group, a sec-butyl group, a tert-
butyl group, a pentyl group, an iso-amyl group, and a hexyl
group. The term “C,-Cg, alkylene group” as used herein
refers to a divalent group having the same (e.g., substantially
the same) structure as the C,-Cg, alkyl group.

[0205] The term “C,-Cq, alkenyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon double bond in the middle or at the terminus of the
C,-Cg, alkyl group, and examples thereof include an ethenyl
group, a propenyl group, and a butenyl group. The term
“C,-Cg, alkenylene group” as used herein refers to a diva-
lent group having the same (e.g., substantially the same)
structure as the C,-Cg, alkenyl group.

[0206] The term “C,-Cq, alkynyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon triple bond in the middle or at the terminus of the
C,-Cy, alkyl group, and examples thereof include an ethynyl
group, and a propynyl group. The term “C,-Cg, alkynylene
group” as used herein refers to a divalent group having the
same (e.g.. substantially the same) structure as the C,-Cg,
alkynyl group.

[0207] The term “C,-C,, alkoxy group” as used herein
refers to a monovalent group represented by —OA,,;
(wherein A, is the C,-C, alkyl group), and examples
thereof include a methoxy group, an ethoxy group, and an
isopropyloxy group.

[0208] The term “C,-C,, cycloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 10 carbon atoms, and examples thereof
include a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, and a cycloheptyl group.
The term “C;-C, , cycloalkylene group™ as used herein refers
to a divalent group having the same (e.g., substantially the
same) structure as the C,-C, , cycloalkyl group.

[0209] The term “C,-C,, heterocycloalkyl group” as used
herein refers to a monovalent monocyclic group having at
least one heteroatom selected from N, O, Si, P, and S as a
ring-forming atom and 1 to 10 carbon atoms, and examples
thereof include a 1,2,3,4-oxatriazolidinyl group, a tetrahy-
drofuranyl group, and a tetrahydrothiophenyl group. The
term “C,-C,, heterocycloalkylene group” as used herein
refers to a divalent group having the same (e.g., substantially
the same) structure as the C,-C,, heterocycloalkyl group.
[0210] The term “C,-C,, cycloalkenyl group” as used
herein refers to a monovalent monocyclic group that has 3
to 10 carbon atoms and at least one carbon-carbon double
bond in the ring thereof and no aromaticity, and examples
thereof include a cyclopentenyl group, a cyclohexenyl
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group, and a cycloheptenyl group. The term “C,;-C,,
cycloalkenylene group” as used herein refers to a divalent
group having the same (e.g., substantially the same) struc-
ture as the C;-C, cycloalkenyl group.

[0211] The term “C,-C,, heterocycloalkenyl group” as
used herein refers to a monovalent monocyclic group that
has at least one heteroatom selected from N, O, Si, P, and S
as a ring-forming atom, 1 to 10 carbon atoms, and at least
one carbon-carbon double bond in its ring. Non-limiting
examples of the C,-C,, heterocycloalkenyl group include a
4,5-dihydro-1,2,3 4-oxatriazolyl group, a 2,3-dihydrofura-
nyl group, and a 2,3-dihydrothiophenyl group. The term
“C,-C, heterocycloalkenylene group” as used herein refers
to a divalent group having the same (e.g., substantially the
same) structure as the C,-C,, heterocycloalkenyl group.
[0212] The term “C4-Cq, aryl group” as used herein refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and the term “C4-Cg, arylene
group” as used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms.
Examples of the C,-C, aryl group are a phenyl group, a
naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, and a chrysenyl group. When the
Cs-Cg aryl group and the C-Cg, arylene group each include
two or more rings, the rings may be fused to each other.
[0213] The term “C,-C, heteroaryl group” as used herein
refers to a monovalent group having a carbocyclic aromatic
system that has at least one heteroatom selected from N, O,
Si, P, and S as a ring-forming atom, in addition to 1 to 1
carbon atoms. The term “C,-C,, heteroarylene group” as
used herein refers to a divalent group having a carbocyclic
aromatic system that has at least one heteroatom selected
from N, O, Si, P, and S as a ring-forming atom, in addition
to 1 to 60 carbon atoms. Examples of the C,-C, heteroaryl
group are a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a quino-
linyl group, and an isoquinolinyl group. When the C,-C,
heteroaryl group and the C,-C,, heteroarylene group each
include two or more rings, the rings may be fused to each
other.

[0214] The term “C4-Cy, aryloxy group” as used herein
refers to a group represented by —OA,,, (wherein A, is
the C4-Cq, aryl group), and the term “C,-C, arylthio group”
as used herein refers to a group represented by —SA 5
(wherein A | o, 18 the C4-Cg, aryl group).

[0215] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group (for example, having 8 to 60 carbon atoms) having
two or more rings condensed with each other, only carbon
atoms as ring-forming atoms, and no aromaticity in its entire
molecular structure. An example of the monovalent non-
aromatic condensed polycyclic group is a fluorenyl group.
The term “divalent non-aromatic condensed polycyclic
group” as used herein refers to a divalent group having the
same (e.g., substantially the same) structure as the monova-
lent non-aromatic condensed polycyclic group.

[0216] The term “monovalent non-aromatic condensed
heteropolycyclic group” as used herein refers to a monova-
lent group (for example, having 1 to 60 carbon atoms)
having two or more rings condensed to each other, at least
one heteroatom selected from N, O, Si, P, and S, other than
carbon atoms, as a ring-forming atom, and no aromaticity in
its entire molecular structure. An example of the monovalent
non-aromatic condensed heteropolycyclic group is a carba-
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zolyl group. The term “divalent non-aromatic condensed
heteropolycyclic group” as used herein refers to a divalent
group having the same (e.g., substantially the same) struc-
ture as the monovalent non-aromatic condensed heteropo-
lycyclic group.

[0217] The term “Cs-Cq, carbocyclic group” as used
herein refers to a monocyclic or polycyclic group having 5
to 60 carbon atoms in which the ring-forming atoms are
carbon atoms only. The C5-C, carbocyclic group may be an
aromatic carbocyclic group or a non-aromatic carbocyclic
group. The C;-C,, carbocyclic group may be a ring (such as
benzene), a monovalent group (such as a phenyl group), or
a divalent group (such as a phenylene group). In one or more
embodiments, depending on the number of substituents
connected to the Cs-Cq, carbocyclic group, the Cs-Cg,
carbocyclic group may be a trivalent group or a quadrivalent
group.

[0218] The term “C,-Cg4, heterocyclic group” as used
herein refers to a group having the same (e.g., substantially
the same) structure as the C5-Cy, carbocyclic group, except
that as a ring-forming atom, at least one heteroatom selected
from N, O, Si, P, and S is utilized in addition to carbon (the
number of carbon atoms may be in a range of 1 to 60).
[0219] At least one substituent of the substituted C5-Cy,
carbocyclic group, the substituted C,-Cq, heterocyclic
group, the substituted C,-C,, cycloalkylene group, the sub-
stituted C,-C,, heterocycloalkylene group, the substituted
C,-C,, cycloalkenylene group, the substituted C,-C,, het-
erocycloalkenylene group, the substituted Cq-Cq, arylene
group, the substituted C,-C,, heteroarylene group, the sub-
stituted divalent non-aromatic condensed polycyclic group,
the substituted divalent non-aromatic condensed heteropo-
lycyclic group, the substituted C,-C,, alkyl group, the sub-
stituted C,-C,, alkenyl group, the substituted C,-C, alkynyl
group, the substituted C,-C, alkoxy group, the substituted
C;-Cy4, cycloalkoxy group, the substituted C;-C, , cycloalkyl
group, the substituted C,-C,, heterocycloalkyl group, the
substituted C;-C,, cycloalkenyl group, the substituted
C,-C,, heterocycloalkenyl group, the substituted Cg-Cq,
aryl group, the substituted C,-C, aryloxy group, the sub-
stituted C4-Cqy, arylthio group, the substituted C,-Cq, het-
eroaryl group, the substituted monovalent non-aromatic
condensed polycyclic group, and the substituted monovalent
non-aromatic condensed heteropolycyclic group may be
selected from:

[0220] deuterium (-D), —F. —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C, alkyl group,
a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a C,-Cq,
alkoxy group, and a C;-C, cycloalkoxy group;

[0221] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-Cgp alkynyl group, a C,-C, alkoxy group, and a C;-Cy,
cycloalkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C4-Cg, aryloxy group, a C4-Co, arylthio group,
a C,-C, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic group, —Si(Q;)(Q2)(Q;3),
*N(Qn)(le)s *B(Qn)(le)s 4C(:O)(Q11)s *S(:O)
2(Q11), and —P(=0)(Q;1)(Q12);
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[0222] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C-Cy, aryl group, a Cy4-Ce,
aryloxy group, a C,-C,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0223] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cg, aryl group, a Cy-Cep
aryloxy group, a C,-C,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycycelic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —1I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-Cq, alkyl group, a C,-Cy,
alkenyl group, a C,-C, alkynyl group, a C,-C, alkoxy
group, a C;-Cg, cycloalkoxy group, a C;-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C4-Cy, aryloxy group, a C4-Cy, arylthio group,
a C,-C,, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q,,)(Q,,)(Q.5),
—N(Q51)(Q22), —B(Q,1)(Qn), —C(=0)(Q21), —S(=0)
2(Qz)), and —P(=0)(Q,,)(Qx,); and

(0224]  —Si(Q3)(Q3)(Qs3): —N(Q3,)(Qs2). —B(Qs5))
(Q32), —C(=0)(Q51), —S(=0),(Q;,), and —P(=0)(Q;,)
(Qs2), and

[0225] Qy; to Q5 Qyy t0 Qs and Qs to Q3 may each
independently be selected from hydrogen, deuterium, —F,

—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-Cq,
cycloalkoxy group, a C;-C,, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-Cq, aryl group, a
C,-Cq, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, and a
terphenyl group.

[0226] The term “Ph” as used herein represents a phenyl
group, the term “Me” as used herein represents a methyl
group, the term “Et” as used herein represents an ethyl
group, the term “ter-Bu” or “Bu” as used herein represents
a tert-butyl group, and the term “OMe” as used herein
represents a methoxy group.

[0227] The term “biphenyl group” as used herein refers to
a “phenyl group substituted with a phenyl group. The
“biphenyl group” is a “substituted phenyl group” having a
“Cq-Cep aryl group™ as a substituent.

[0228] The term “terphenyl group” as used herein refers to
a “phenyl group substituted with a biphenyl group. The
“terphenyl group” is a “phenyl group” having, as a substitu-
ent, a “C4-Cy, aryl group substituted with a C,-Cg, aryl
group.”

[0229] * and *' as used herein, unless defined otherwise,
each refer to a binding site to a neighboring atom in a
corresponding formula.

[0230] Hereinafter, a compound according to embodi-
ments and an organic light-emitting device according to
embodiments will be described in more detail with reference
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to Synthesis Examples and Examples. The expression “B
was utilized instead of A” utilized in describing Synthesis
Examples refers to that an identical number of molar equiva-
lents of B was utilized in place of molar equivalents of A.

EXAMPLES

Synthesis Example 1: Synthesis of Compound 5

[0231]

H
O, N 0} 5\\
¢} N. O
—— R
Br
A

Br

5-1
[0) N (0] 5\
[0) N (6]
—_—

B
%O/_\ﬁ

52 5

Synthesis of Intermediate 5-1

[0232] 5 g of Intermediate A (6-bromo-1H-benzo[de]iso-
quinoline-1,3(2H)-dione) was dissolved in dimethylforma-
mide (DMF), and 5 g of K,CO; and 4 g of 3-(bromomethyl)
hexane were added thereto. The mixture was stirred at a
temperature of 50° C. for 24 hours, and the reaction was
terminated by water. An extraction process was performed
thereon three times utilizing ethyl acetate, a drying process
was performed thereon utilizing anhydrous magnesium sul-
fate, and a filtering process was performed thereon under
reduced pressure. Then, the residue obtained therefrom was
separated and purified by column chromatography to obtain
5.6 g (80%) of Intermediate 5-1.
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Synthesis of Intermediate 5-2

[0233] 5.6 g of Intermediate 5-1 was diluted in toluene,
and 5 g of KOAc, 4.6 g of bis(pinacolato)diboron, and 0.5
g of Pd(dppf),Cl, were added thereto and stirred under
reflux. After 17 hours, the mixture was cooled to room
temperature, and the reaction was terminated by water. An
extraction process was performed thereon three times uti-
lizing ethyl acetate, a drying process was performed thereon
utilizing anhydrous magnesium sulfate, and a filtering pro-
cess was performed thereon under reduced pressure. Then,
the residue obtained therefrom was separated and purified by
column chromatography to obtain 5.1g (81%) of Interme-
diate 5-2.

Synthesis of Compound 5

[0234] 5.1 g of Intermediate 5-2, 2.56 g of 1,4-dibro-
mobenzene, 8 g of Cs,CO,, and 0.8 g of Pd(PPh,), were
diluted in toluene and stirred under reflux. After 20 hours,
the mixture was cooled to room temperature, and the reac-
tion was terminated by water. An extraction process was
performed thereon three times utilizing ethyl acetate, a
drying process was performed thereon utilizing anhydrous
magnesium sulfate, and a filtering process was performed
thereon under reduced pressure. Then, the residue obtained
therefrom was separated and purified by column chroma-
tography to obtain 3.0 g (70%) of Compound 5.

Synthesis Example 2: Synthesis of Compound 7

[0235]

(0]
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N
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-continued o
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Synthesis of Intermediate 7-1

[0236] 1.8 g of Intermediate 5-1 was diluted in methylene
chloride (MC) and 900 mg of NBS was added dropwise
thereto. The mixture was stirred for 15 hours, and the
reaction was terminated by water. An extraction process was
performed thereon three times, a drying process was per-
formed thereon utilizing anhydrous magnesium sulfate, and
a filtering process was performed thereon under reduced
pressure. Then, the residue obtained therefrom was sepa-
rated and purified by column chromatography to obtain 2 g
(93%) of Intermediate 7-1. The obtained compound was
confirmed by LC-MS. C,,H,,Br,NO,:M+ 465.2.

Synthesis of Compound 7

[0237] 2 g of Compound 7-1 was diluted in DMSO and 2
g of NaOMe was added dropwise thereto. The reaction
vessel was stirred at a temperature of 60° C. and slowly
cooled to room temperature after 6 hours. The reaction was
terminated by water, and the residue obtained therefrom was
filtered under reduced pressure to obtain 1.4 g (88%) of
Compound 7.

Synthesis Example 3: Synthesis of Compound 61
[0238]
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Synthesis of Intermediate 61-1

[0239] 5 g of Intermediate A was dissolved in DMF, and
5 g of K,CO; and 3 g of iodomethane were added thereto.
The mixture was stirred at a temperature of 50° C. for 24
hours, and the reaction was terminated by water. An extrac-
tion process was performed thereon three times utilizing
ethyl acetate, a drying process was performed thereon uti-
lizing anhydrous magnesium sulfate, and a filtering process
was performed thereon under reduced pressure. Then, the
residue obtained therefrom was separated and purified by
column chromatography to obtain 4.6 g (88%) of Interme-
diate 61-1. The obtained compound was confirmed by
LC-MS. C,(H,Br:M+ 324.2.

Synthesis of Intermediate 61-2

[0240] 4.6 g of Intermediate 61-1 was diluted in toluene,
and 5 g of KOAc, 4.6 g of bis(pinacolato)diboron, and 0.5
g of Pd(dppf),Cl, were added thereto and stirred under
reflux, After 17 hours, the mixture was cooled to room
temperature, and the reaction was terminated by water. An
extraction process was performed thereon three times uti-
lizing ethyl acetate, a drying process was performed thereon
utilizing anhydrous magnesium sulfate, and a filtering pro-
cess was performed thereon under reduced pressure. Then,
the residue obtained therefrom was separated and purified by
column chromatography to obtain 4.3 g (81%) of Interme-
diate 61-2. The obtained compound was confirmed by
LC-MS. C,H,sBr:M+ 324.2.

Synthesis of Compound 61

[0241] 4.3 g of Intermediate 61-2, 2 g of 1,4-dibromoben-
zene, 8 g of Cs,CO;, and 0.8 g of Pd(PPh,), were diluted in
toluene and stirred under reflux. After 20 hours, the mixture
was cooled to room temperature, and the reaction was
terminated by water. An extraction process was performed
thereon three times utilizing ethyl acetate, a drying process
was performed thereon utilizing anhydrous magnesium sul-
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fate, and a filtering process was performed thereon under
reduced pressure. Then, the residue obtained therefrom was
separated and purified by column chromatography to obtain
2.8 g (76%) of Compound 61.

Synthesis Example 4: Synthesis of Compound 67
[0242]
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Synthesis of Intermediate 67-1

[0243] 2.8 g of Intermediate A, 2.1 g of iodobenzene, 5.4
g of KOtBu, 0.2 g of P(tBu),, and 0.4 g of Pd,(dba), were
diluted in toluene and stirred under reflux. After 20 hours,
the mixture was cooled to room temperature, and the reac-
tion was terminated by water. An extraction process was
performed thereon three times utilizing ethyl acetate, a
drying process was performed thereon utilizing anhydrous
magnesium sulfate, and a filtering process was performed
thereon under reduced pressure. Then, the residue obtained
therefrom was separated and purified by column chroma-
tography to obtain 2.9 g (80%) of Intermediate 67-1. The
obtained compound was confirmed by LC-MS.
C,sH, BrNO,:M+ 351.0.

Synthesis of Intermediate 67-2

[0244] 2.8 g (84%) of Intermediate 67-2 was synthesized
in the same (e.g., substantially the same) manner as in
Synthesis of Intermediate 61-2, except that 2.9 g of Inter-
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mediate 67-1 was utilized. The obtained compound was
confirmed by LC-MS. C,,H,,BNO,:M+ 399.2.

Synthesis of Compound 67

[0245] 2.1 g (45%) of Compound 67 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 61, except that 2.8 g of Intermediate
67-2 and 1 g of 1,4-dibromonaphthalene were utilized.

Synthesis Example 5: Synthesis of Compound 76

[0246]

[0247] 2.99 g (63%) of Compound 76 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 67-1, except that Compound 76-1 and
1,4-dibromobenzene were utilized.

Synthesis Example 6: Synthesis of Compound 88

[0248]
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Synthesis of Intermediate 88-1

[0249] 2 g of Compound A was diluted in DMSO and 2 g
of NaOMe was added dropwise thereto. The reaction vessel
was stirred at a temperature of 60° C. and slowly cooled to
room temperature after 6 hours. The reaction was terminated
by water, and the residue obtained therefrom was filtered
under reduced pressure to obtain 1.3 g (79%) of Intermediate
88-1. The obtained compound was confirmed by LC-MS.
C;HNO;:M+ 227.1.

Synthesis of Compound 88

[0250] 2 g (58%) of Compound 88 was synthesized in the
same (e.g., substantially the same) manner as in Synthesis of
Compound 61, except that 1.3 g of Intermediate 88-1 and
0.89 g of 4,4'-dibromo-1,1"-bipheny] were utilized.

Synthesis Example 7: Synthesis of Compound 111
[0251]

(0]
O N
(6] P —
5-1
Q O O
O N

111

[0252] 1.6 g (80%) of Compound 111 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 61, except that 1.8 g of Intermediate 5-1
and 1 g of naphthalen-2-y1 boronic acid were utilized.
Synthesis Example 8: Synthesis of Compound 120

[0253]

5-1
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[0254] 1.1 g (42%) of Compound 120 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 61, except that 2 g of Intermediate 5-1
and 1.7 g of (4-(pyridin-2-yl)naphthalen-1-yl)boronic acid
were utilized.

Synthesis Example 9: Synthesis of Compound 169

[0255]

0,
O Br
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[0256] 1.4 g (49%) of Compound 169 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 61, except that 2.3 g of Intermediate
67-1 and 1.7 g of (4-(pyridin-4-yl)phenyl)boronic acid were
utilized.

Synthesis Example 10: Synthesis of Compound 181

[0257]

O
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Synthesis of Intermediate 181-1

[0258] 1.6 g (73%) of Intermediate 181-1 was synthesized
in the same (e.g., substantially the same) manner as in
Synthesis of Intermediate 67-1, except that 1.5 g of Inter-
mediate A and 1.5 g of 2-iodonaphthalene were utilized. The
obtained compound was confirmed by LC-MS.
C,,H,,BrNO,:M+ 401.0

Synthesis of Compound 181

[0259] 1.2 g (78%) of Compound 181 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 61, except that 1.6 g of Intermediate
181-1 and 1.3 g of phenylboronic acid were utilized.
Synthesis Example 11: Synthesis of Compound 198

[0260]
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Synthesis of Intermediate 198-1

[0261] 1.9 g (87%) of Intermediate 198-1 was synthesized
in the same (e.g., substantially the same) manner as in
Synthesis of Intermediate 67-2, except that 2 g of Interme-
diate 181-1 was utilized. The obtained compound was
confirmed by LC-MS. C,.H,,BNO, M+ 449.2.

Synthesis of Compound 198

[0262] 1.5 g (62%) of Compound 198 was synthesized in
the same (e.g., substantially the same) manner as in Syn-
thesis of Compound 61, except that 1.9 g of Intermediate
198-1 and 1.3 g of 2-chloro-4,6-diphenyl-1,3,5-triazine were
utilized.

TABLE 1

Com- LC-MS

pound 'H NMR(CDCl;, 400 MHz) found Cale

5 §.48-8.33(m, 3H), 7.88(m, 1H), 7.11(m, 1H) 3912 391.2
3.12(d, 2H), 2.72(m, 1H), 1.92-0.88(m, 25H)

7 8.69(d, 2H), 6.95(d, 2H), 4.03(s, 6H),

3.68(m, 2H), 2.11(m, 1H), 1.45-1.20(m, 8H),

0.87(t, 6H)

8.59(d, 2H), 8.22(d, 2H), 8.12(d, 2H),

7.85(m, 2H), 7.75(m, 4H), 7.70(m, 2H),

3.48(s, 6H)

8.43-8.40(m, 2H), 8.22(m, 2H), 8.11(dd, 2H),

8.05(br, 2H), 7.71-7.40(m, 16H), 7.00 (m, 2H)

8.41 (dd, 4H) 8.24 (dd, 41), 8.74-7.69(m, 8H)

8.55-8.42(m, 6H) 7.63-7.55(m, 6H), 7.23-

7.18(m, 4H), 6.83(d, 2H), 4.02(s, 6H)

8.51(d, 1H), 8.18-8.08(m, 2H), 7.99-7.88(m,

3H), 7.69-7.52(m, 4H), 7.32(d, 1H),

5.01 (m, 1H), 2.20(2H), 1.97-1.89(m, 2H),

1.71-1.52(m, 2H), 1.36-1.24(m, 2H), 1.04(m,

2H), 0.93-0.83(m, 6H)

8.72(d, 1H), 8.47(d, 1H), 8.18-8.08(m, 2H),

7.82-7.67(m, 5H), 7.46-7.44(m, 11), 7.38(m,

1H), 7.25-7.23(m, 2H), 7.06-7.02(d, 1H), 5.01

(m, 1H), 2.202H), 1.97-1.89(m, 2H), 1.71-

1.52(m, 2H), 1.36-1.24(m, 2H), 1.04(m, 2H),

0.93-0.83(m, 6H)

8.73-8.70(m, 2H), 8.48(dd, 1H), 8.16 (td, 2H),

7.81-7.63(m, 6H), 7.52-7.40(m, 7H)

8.53(d, 1H), 8.33(m, 1H), 8.24(d, 1T1), 8.22-

8.12(m, 4H), 7.88-7.65(m, 5H), 7.53-7.28(m, 6H)

8.86-8.80(m, 4H), 8.72(d, 111), 8.52(d, 1H),

8.46(dd, 1H), 8.45-8.40(m, 1H), 8.33(m, 1H),

7.92(m, 16), 7.86(m, 1H), 7.80(m, 1H), 7.63-

7.58(m, 5H), 7.51-7.46(m, 2H), 7.42-7.36(m,

4H), 7.33-7.30(m, 1H)

465.0 465.0

61 469.2 496.1

67 670.7 670.7
76

88

468.6
604.6

468.5
604.6

435.2 435.2

120 512.7 5127

426.5 426.5

181 3994 399.4

198 554.2 554.2

Evaluation Example 1

[0263] UV transmittance of Compounds prepared accord-
ing to Synthesis Examples 1 to 11 was measured at a
concentration of 10> M in a toluene solvent (i.e., in toluene)
utilizing Shimazu UV-1800, and results thereof are shown in
Table 2.

TABLE 2
uw Solubility ~ Transmittance  Transmittance
absorber  (in toluene) (@ 405 nm) (@ 430 nm)
Comparative uv — 1.8 30.00
Example 1 POL
Example 1 5 10 wt % 3.38 40.18
Example 2 7 11 wt % 7.54 75.15
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TABLE 2-continued

uw Solubility ~ Transmittance  Transmittance

absorber  (in toluene) (@ 405 nm) (@ 430 nm)
Example 3 61 5wt % 1.68 29.47
Example 4 67 6 wt % 4.12 48.21
Example 5 76 8 wt % 4.54 50.52
Example 6 88 6 wt % 2.54 33.56
Example 7 111 9wt % 398 52.52
Example & 120 7wt % 1.55 32.56
Example 9 169 5wt % 2.99 42.52
Example 10 181 4wt % 4.02 52.11
Example 11 198 3wt % 332 45.11

[0264] As can be confirmed from Table 2, the first com-
pound represented by Formula 1 has a low transmittance in
an optical wavelength of about 405 nm. Therefore, an
organic light-emitting display apparatus, in which the first
compound represented by Formula 1 is included in an
encapsulation unit, may prevent or substantially prevent an
emission layer, an insulating film, and/or the like including
an organic material from being damaged by ultraviolet rays.

[0265] 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.

[0266] 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 as defined by the following claims,
and equivalents thereof.

What is claimed is:

1. An organic light-emitting display apparatus compris-
ing:

a substrate;

an organic light-emitting device on the substrate; and

an encapsulation unit on the organic light-emitting device
and configured to seal the organic light-emitting
device,

wherein the encapsulation unit comprises a first com-
pound represented by Formula 1:

Formula 1
Ri—@paler—Ar)er—[L2)a2—Ra]p2
Formula 2-1
Rs
|
(I|-13)a3
0, N (0]
TR

TR
W
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-continued
Formula 2-2
&
(€] N, O
TR
| 4{‘ (Lsias—Rs ]b5
/ /
Formula 2-3
(0]
5—0
/ Rq
Rg
Ry
Formula 2-4
(0]
5—0
(Lo)w—R,

wherein, in Formulae 1 and 2-1 to 2-4,

Ar, isa C5-Cg, carboceyclic group or a C,-C,, heterocyclic
group,

clisOorl,

L, to Ls and L, are each independently selected from
NR, =, *—BR,)—*, *—PR, )—*, *—Si
(R) (R jz)—", *—§—*, *—Se—¥" * 0¥ *-C
(-0}, *—S(-0)—*, *—S(-0),*, *—C
R,)—*, *C(=S)—*, a substituted or
unsubstituted C,-C, alkylene group, a substituted or
unsubstituted C,-Cq, alkenylene group, a substituted or
unsubstituted C,-Cg, alkynylene group, a substituted or
unsubstituted C;-C,, cycloalkylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C,, cycloalk-
enylene group, a substituted or unsubstituted C,-C,,
heterocycloalkenylene group, a substituted or unsub-
stituted C¢-Cy, arylene group, a substituted or unsub-
stituted C,-Cy, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed poly-
cyclic group, and a substituted or unsubstituted divalent
non-aromatic condensed heteropolycyclic group,

al to a5 and a9 are each independently an integer from 0
to 10, R, is a group represented by Formula 2-1 or a
group represented by Formula 2-2,

R, to R are each independently selected from a group
represented by Formula 2-3, a group represented by
Formula 2-4, hydrogen, deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a substituted or unsubstituted C,-Cq, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a
substituted or unsubstituted C,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C;-Cy, cycloalkoxy group,
a substituted or unsubstituted C5-C, , cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,,, cycloalk-
enyl group, a substituted or unsubstituted C,C,, het-
erocycloalkenyl group, a substituted or unsubstituted
Ce-Cqo aryl group, a substituted or unsubstituted
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Cs-Cqo aryloxy group, a substituted or unsubstituted
Cs-Cqo arylthio group, a substituted or unsubstituted
C,-C, heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, Si(Q,)(Q,)(Q5),
—N(Q)(Q2), —BQQ,), —C(=0)Q,), —S(=0)
2(Qy); and —P(=0)(Q,)(Q,);

Ry to Ry, R, and R, , are each independently selected
from hydrogen, deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a
substituted or unsubstituted C,-Cg, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C;-Cg, cycloalkoxy group,
a substituted or unsubstituted C5-C, , cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
CeCyo aryl group, a substituted or unsubstituted
Cs-Cqo aryloxy group, a substituted or unsubstituted
C-Cgo arylthio group, a substituted or unsubstituted
C,-C¢ heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, Si(Q.)(Qs)(Q),
—N(Q(Qs5), —B(Q,)Qs5), —C(=0)(Q,), —S(=0)
2(Qq), and —P(=0)(Q,)(Qs).

bl is an integer from 1 to 10, wherein, when b1 is two or
more, two or more *-(L)),,-R,(s) are identical to or
different from each other,

b2 is an integer from 1 to 10, wherein, when b2 is two or
more, two or more *-(L,),,-R,(s) are identical to or
different from each other,

b4 is an integer from 0 to 5, wherein, when b4 is two or
more, two or more *-(I,),,-R,(s) are identical to or
different from each other,

b5 is an integer from 0 to 6, wherein, when b5 is two or
more, two or more *-(Ls),s-Rs(s) are identical to or
different from each other,

at least one substituent of the substituted C,-C, alkylene
group, the substituted C,-C,, alkenylene group, the
substituted C,-C, alkynylene group, the substituted
C,;-C,, cycloalkylene group, the substituted C,-C,
heterocycloalkylene group, the substituted C;-C,,
cycloalkenylene group, the substituted C,-C,, hetero-
cycloalkenylene group, the substituted C4-Cg, arylene
group, the substituted C,-Cy, heteroarylene group, the
substituted divalent non-aromatic condensed polycy-
clic group, the substituted divalent non-aromatic con-
densed heteropolycyclic group, the substituted C,-Cy,
alkyl group, the substituted C,-Cg, alkenyl group, the
substituted C,-Cg, alkynyl group, the substituted
C,-C¢, alkoxy group, the substituted C;-Cg
cycloalkoxy group, the substituted C,-C,, cycloalkyl
group, the substituted C,-C,, heterocycloalkyl group,
the substituted C,-C,, cycloalkenyl group, the substi-
tuted C,-C,, heterocycloalkenyl group, the substituted
Ce-Cq aryl group, the substituted Cg-Cq aryloxy
group, the substituted C¢-C,, arylthio group, the sub-
stituted C,-Cg, heteroaryl group, the substituted mon-
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ovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from:

deuterium, —F, —CI, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-Cg, alkyl
group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C,-Cq alkoxy group, and a C;-Cq, cycloalkoxy
group;

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-C,, alkoxy group, and a C;-Cy,
cycloalkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C,-Cg, arylthio group, a C,-C,, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —Si(Q,)(Q;)(Q13),
—N(Q,)Q1). —B(Q1)(Q1o), —C(=0)Qyy),
—S5(=0),(Q;,), and —P(=0)(Q;)(Q;2):

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

a C;-Cy, cycloalkyl group, a C;-C;, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a Cq-Co,
aryloxy group, a C,-Cg, arylthio group, a C,-C,, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cq,
alkynyl group, a C,-C, alkoxy group, a C;-C,
cycloalkoxy group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C5-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg,
aryl group, a C4-C, aryloxy group, a C-Cg, arylthio
group, a C,-C, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic group, —Si
(QZI)(QZZ)(QZS)? 7N(Q21)(Q22)7 7B(Q21)(Q22)7
—C(=0)(Qa1), —S(=0)5(Qz), and —P(=0)(Qs,)
(Q;,): and

7Si(Q31)(Q32)(Q33)5 7N(Q31)(Q32)5 7B(Q31)(Q32)5
—C(=0)(Qs1), —S(=0),(Qs), and —P(=0)(Q5})
Qs2).

Q10 Qg Qi) 10 Qy3, Qs 10 Qy3, and Qs to Qs are cach
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C, alkyl group, a C,-Cy, alk-
enyl group, a C,-C,, alkynyl group, a C,-C,, alkoxy
group, a C;-Cqy cycloalkoxy group, a C;-Cj
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cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-C, aryl group, a C4-Cy, aryl group
substituted with a C;-C,, alkyl group, a C,-Cg, aryl
group substituted with a C,-C,,, aryl group, a terphenyl
group, a C,-C, heteroaryl group, a C,-Cg, heteroaryl
group substituted with a C,-C, alkyl group, a C,-Cy,
heteroaryl group substituted with a C4-Cg, aryl group,
a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group, and

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

2. The organic light-emitting display apparatus of claim 1,

wherein

Ar, is selected from a benzene group, a naphthalene
group, an anthracene group, a phenanthrene group, a
pyrene group, a chrysene group, a triphenylene group,
an indene group, a fluorene group, a benzofluorene
group, a spiro-bifluorene group, a carbazole group, a
dibenzofuran group, a dibenzothiophene group, a pyri-
dine group, a pyrazine group, a pyrimidine group, a
pyridazine group, a pyrrole group, an imidazole group,
a quinoline group. an isoquinoline group, a quinoxaline
group, a quinazoline group, a triazine group, an indeno
pyrazine group, an indeno pyridine group, a phenan-
throline group, and a phenanthridine group.

3. The organic light-emitting display apparatus of claim 1,

wherein

L, to Ls and L, are each independently selected from:
*Q W Wk CO(—O)—* ¥ §(—0)—*,
*—8(=0),—*, a C,-C,, alkylene group, a C,-C,,
alkenylene group, a C,-C,, alkynylene group, a phe-
nylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, an
indacenylene group, an acenaphthylene group, a fluo-
renylene group, a spiro-bifluorenylene group, a spiro-
benzofluorene-fluorenylene group, a benzofluore-
nylene group, a dibenzofluorenylene group, a
phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a tri-
phenylenylene group, a pyrenylene group, a chryse-
nylene group, a pervlenylene group, a pentaphenylene
group, a pyrrolylene group, a thiophenylene group, a
furanylene group, a silolylene group, an imidazolylene
group, a pyrazolylene group, a thiazolylene group, an
isothiazolylene group, an oxazolylene group, an isox-
azolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
an indolylene group, an isoindolylene group, an inda-
zolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridi-
nylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a
phenanthridinylene group, an acridinylene group, a
phenanthrolinylene group, a phenazinylene group, a
benzimidazolylene group, a benzofuranylene group, a
benzothiophenylene group, a benzosilolylene group, an
isobenzothiazolylene group, a benzoxazolylene group,
an isobenzoxazolylene group, a triazolylene group, a
tetrazolylene group, an oxadiazolylene group, a triazi-
nylene group, a dibenzofuranylene group, a dibenzo-
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thiophenylene group, a dibenzosilolylene group, a car-
bazolylene group, a benzocarbazolylene group, a
dibenzocarbazolylene group, a thiadiazolylene group,
an imidazopyridinylene group, an imidazopyrimidi-
nylene group, an oxazolopyridinylene group, a thiazo-
lopyridinylene group, a benzonaphthyridinylene group,
an azafluorenylene group, an azaspiro-bifluorenylene
group, an azacarbazolylene group, an azadibenzofura-
nylene group, an azadibenzothiophenylene group, and
an azadibenzosilolylene group; and

a C,-C,, alkylene group, a C,-C,, alkenylene group, a
C,-C,, alkynylene group, a phenylene group, a pental-
enylene group, an indenylene group, a naphthylene
group, an azulenylene group, an indacenylene group,
an acenaphthylene group, a fluorenylene group, a spiro-
bifluorenylene group, a spiro-benzofluorene-fluore-
nylene group, a benzofluorenylene group, a dibenzo-
fluorenylene group, a phenalenylene group, a
phenanthrenylene group, an anthracenylene group, a
fluoranthenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a peryle-
nylene group, a pentaphenylene group, a pyrrolylene
group, a thiophenylene group, a furanylene group, a
silolylene group, an imidazolylene group, a pyra-
zolylene group, a thiazolylene group, an isothiaz-
olylene group, an oxazolylene group, an isoxazolylene
group, a pyridinylene group, a pyrazinylene group, a
pyrimidinylene group, a pyridazinylene group, an indo-
lylene group, an isoindolylene group, an indazolylene
group, a purinylene group, a quinolinylene group, an
isoquinolinylene group, a benzoquinolinylene group, a
phthalazinylene group, a naphthyridinylene group, a
quinoxalinylene group, a quinazolinylene group, a cin-
nolinylene group, a phenanthridinylene group, an
acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzimidazolylene group, a
benzofuranylene group, a benzothiophenylene group, a
benzosilolylene group, an isobenzothiazolylene group,
a benzoxazolylene group, an isobenzoxazolylene
group, a triazolylene group, a tetrazolylene group, an
oxadiazolylene group, a triazinylene group, a dibenzo-
furanylene group, a dibenzothiophenylene group, a
dibenzosilolylene group, a carbazolylene group, a ben-
zocarbazolylene group, a dibenzocarbazolylene group,
a thiadiazolylene group, an imidazopyridinylene group,
an imidazopyrimidinylene group, an oxazolopyridi-
nylene group, a thiazolopyridinylene group, a benzo-
naphthyridinylene group, an azafluorenylene group, an
azaspiro-bifluorenylene group, an azacarbazolylene
group, an azadibenzofuranylene group, an azadibenzo-
thiophenylene group, and an azadibenzosilolylene
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C,-C,,, cycloalkoxy
group, a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cg, aryl group, a
C,-C¢ heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl

group, a terphenyl group, and —Si(Q3,)(Q;,)(Qs5),
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Q5 to Q,; are each independently selected from:

a C,-C,, alkyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkoxy group, a phenyl group, a biphenyl group,
a terphenyl group, a naphthyl group, a pyridinyl group,
a pyrimidinyl group, a pyrazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group,
and a quinazolinyl group; and

a C,-C,, alkyl group, a C,-C,, alkoxy group, a C;-C,
cycloalkoxy group, a phenyl group, a biphenyl group,
a terphenyl group, a naphthyl group, a pyridinyl group,
a pyrimidinyl group, a pyrazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinoxalinyl group,
and a quinazolinyl group, each substituted with at least
one selected from a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C;-C,, cycloalkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a quinolinyl group, an isoquinolinyl group,
a quinoxalinyl group, and a quinazolinyl group, and

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

4. The organic light-emitting display apparatus of claim 1,

wherein

L, to Ls and L, are each independently selected from
*787*'5 *707*'3 *7C(:O)7*'5 *78(:0)7*'5
*S(=0)—", *—CZ)(Z,)],,—*, and groups
represented by Formulae 3-1 to 3-75:

" Formula 3-1
*
X
| T Zau
Va
Formula 3-2
* £l
\@/
| -—@)a
F
. Formula 3-3
AN
| T Zias
asw
o Formula 3-4
*
S
| @
yaa
. Formula 3-5
12
| T @
NS
. Formula 3-6
TR
| T @i
A
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Formula 3-7
XX
Z1)as
A
. Formula 3-8
xR
| @as
PN
Formula 3-9
N
| ©1)as
N
» Formula 3-10
XN R
©1)as
raV
Formula 3-11
XX
Z1)as
. yaa
Formula 3-12
N X
(Z1)as
Y
Formula 3-13
AN
T
Va
’ Formula 3-14
TR
(Z s
Vaa
, Formula 3-15

Z1as
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-continued

Z1)as

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21

Formula 3-22

74

-continued

Feb. 14, 2019

Formula 3-23

Formula 3-24

Formula 3-25

Formula 3-26

Formula 3-27

Formula 3-28

Formiula 3-29
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-continued -continued
Formula 3-30 Formula 3-37

Ed

A

(Zl)d4_:

a

Formula 3-38
@)
Formula 3-31

Formula 3-39
Ea L

Formula 3-32

Formula 3-40

s Laas
Formula 3-33

Formula 3-41

Zoass Lo
Formula 3-34

Formula 3-42

Formula 3-35 —— s

Formula 3-43

Formula 3-36 . N

Formula 3-44
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-continued -continued
Formula 3-45

*
*
*

l/
g
/

2" @1as
F /‘ N/\/
* « ormula 3-46
x
| /_ Zias *\/\/\
' [ @as
% N Formula 3-47 /\/\ N/
Y '
\@_K(Zl)d} *\
Z
) N
Formula 3-48 [ /\/\I Z1as
[ *,/\/\/N
*, ‘ \ N * )
7y N)\Z N|\/\/§ \j .
*® - Formula 3-49 P P
b
‘ P N *\ . %/
| o
Z, y /\/‘ 1ds
® N « Formula 3-50
S %
N,
XX SN,
Zj N 7, l A )
Formula 3-51 *r/

W Nl\/\/\ﬁ

\( / \/\/ ZDa

Z
=

Formula 3-52

* N 7 \\ x
N iy
, A */\/\/
1

Formula 3-53 %
N NS NZEN
\f \’/ IE/\/—\(ZI)LM
NYN S AN

®/

Formula 3-54
N\/\'/\ NJ\/\

Formula 3-55

Formula 3-56

Formula 3-57

Formula 3-58

Formula 3-59

Formula 3-€0

Formula 3-61

Formula 3-62

Formula 3-63

Formula 3-64
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-continued

*®

Z)m

X
z> :§
%

Z,

*®

—~
)

Z)aa
# N/ /
JENGEN
[/\/\Iﬁ ZDa
AN
*\ .
[/\/ N
Z1)a
W N
E\V/\w
)
NS
SN
| P / Z)a
N
Nﬁ’\”\ﬁ
T (ZD)a
AN AN
Z)a
N
NN
Z)a
Ny
*\ A \*,
Ll/\j Z)as

4
Z,

Formula 3-65

Formula 3-66

Formula 3-67

Formula 3-68

Formula 3-69

Formula 3-70

Formula 3-71

Formula 3-72

Formula 3-73

Formula 3-74
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-continued

Formula 3-75
* £

E \L/\W(Zl)dzb

N

g%

wherein, in Formulae 3-1 to 3-75,

Y, is O, S, C(Z:)(Z,), N(Z,), or Si(Z;)(Z,),

Z, to Z, are each independently selected from hydrogen,
deuterium, —F, —CF;, —Cl, —Br, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C,-C,, cycloalkoxy
group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a triphenylenyl group, a pyreny! group, a chry-
senyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl
group, and —Si(Qs5, )(Q3,)(Qs3),

Q5 to Q5 are each independently selected from a C,-C,,
alkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group,
a terphenyl group, and a naphthyl group,

d3 is an integer from 1 to 3,

d4 is an integer from 1 to 4,

d5 is an integer from 1 to 3,

d6 is an integer from 1 to 6,

d8 is an integer from 1 to 8,

nl is an integer from 1 to 20, and

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

5. The organic light-emitting display apparatus of claim 1,

wherein

Ar, 1s selected from groups represented by Formulae 4-1
to 4-59, and

L, to Ly and L, are each independently selected from
#0- ¥, % C(0)—, *—CH,—, *—(Cl,)o—
¥, F—(CHy )", *—(CH,),*, *—(CH,);—", and
groups represented by Formulae 4-1 to 4-58 and 4-60:

Formula 4-1

,

\

Formula 4-2

2 ¢

\

Formula 4-3

5 <

§

N
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Formula 4-14
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0
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wherein *, *', and *" in Formulae 4-1 to 4-60 each indicate
a binding site to a neighboring atom.
6. The organic light-emitting display apparatus of claim 1,
wherein
the group represented by Formula 2-1 is represented by
Formula 2-1A: Formula 2-1A

R;

|
(I|-43)a3

0] N (0]

xR
| ]
A

wherein, in Formula 2-1A, L;, L, a3, a4, R, R,, and b4
are the same as described in claim 1, and * indicates a
binding site to a neighboring atom.

7. The organic light-emitting display apparatus of claim 1,

wherein

R, to R; are each independently selected from:

a group represented by Formula 2-3, a group represented
by Formula 2-4, hydrogen, deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an

Feb. 14, 2019

amidino group, a hydrazino group, a hydrazono group,
a C,-C, alkyl group, a C;-C,, cycloalkyl group, a
C,-C,, alkoxy group, a C;-C,, cycloalkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl
group, a carbazolyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, a furanyl group, a benzofura-
nyl group, a dibenzofurany! group, a thiophenyl group,
a benzothiophenyl group, a dibenzothiophenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a triazinyl group, and
—Si(Q,)(Q.)(Q5); and

a C,-C,, alkyl group, a C;-C,, cycloalkyl group, a C,-C,,
alkoxy group, a C,-C,,, cycloalkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, a naphthyl
group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, an anthracenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, a furanyl group, a benzofuranyl
group, a dibenzofuranyl group, a thiophenyl group, a
benzothiophenyl group, a dibenzothiophenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, and a triazinyl group, each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C,, alkyl group, a C;-Cj,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group,
a terphenyl group, a naphthyl group, a fluorenyl group,
a spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a carbazolyl group, a ben-
zocarbazolyl group, a dibenzocarbazolyl group, a fura-
nyl group, a benzofuranyl group, a dibenzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a
dibenzothiophenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
triazinyl group, and —Si(Q;,)(Q5,)(Q53), and

Q, to Q, and Q5 to Q5 are each independently selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, and
a naphthyl group.

8. The organic light-emitting display apparatus of claim 1,

wherein

Re to Ry, Ry, and R, are each independently selected
from:

hydrogen, deuterium, —F, —CIl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group,
a hydrazino group, a hydrazono group, a C,-C,, alkyl
group, a C5-C,, cycloalkyl group, a C,-C,, alkoxy
group, a C;-C,, cycloalkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, a naphthyl group, a
fluorenyl group, a spiro-bifluorenyl group, a benzofluo-
renyl group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a carbazolyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a
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furanyl group, a benzofuranyl group, a dibenzofuranyl -continued
group, a thiophenyl group, a benzothiophenyl group, a Formula 1C
dibenzothiophenyl group, a pyridinyl group, a pyrazi- N w)

al

nyl group, a pyrimidinyl group, a pyridazinyl group, a T X
triazinyl group, and —Si(Q,)(Q;)(Qg); and T T2 R
aC,-C,, alkyl group, a C5-C, , cycloalkyl group, a C,-C,, NS
alkoxy group, a C;-C,,, cycloalkoxy group, a phenyl R Formula 1D
1

group, a biphenyl group, a terphenyl group, a naphthyl |
group, a fluorenyl group, a spiro-bifluorenyl group, a Lar

benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, an anthracenyl group, a triph- 7 N X
enylenyl group, a pyrenyl group, a chrysenyl group, a :—[-(LZ)QZ—RZ]I,Z
carbazolyl group, a benzocarbazolyl group, a dibenzo- N AN
R

carbazolyl group, a furanyl group, a benzofuranyl
group, a dibenzofuranyl group, a thiophenyl group, a
benzothiophenyl group, a dibenzothiophenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, and a triazinyl group, each
substituted with at least one selected from deuterium,
—F, —C1, —Br, —1I, a hydroxyl group, a cyano group,
a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C,, alkyl group, a C;-C,,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkoxy group, a phenyl group, a biphenyl group,
a terphenyl group, a naphthyl group, a fluorenyl group,
a spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a carbazolyl group, a ben-
zocarbazolyl group, a dibenzocarbazolyl group, a fura-
nyl group, a benzofuranyl group, a dibenzofuranyl R,

group, a thiophenyl group, a benzothiophenyl group, a Formula 1G
dibenzothiophenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
triazinyl group, and —Si(Q;,)(Q5,)(Q;;), and

Q, to Qg and Q5 to Q45 are each independently selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, and
a naphthyl group.

Formula 1E
1

|
L1

Formula 1F

\(Ll)al

L)a—Rs|

9. The organic light-emitting display apparatus of claim 1, Formula 1H

wherein

the first compound 1s represented by one of Formulae 1A
to 1P:

La2—Ry ] "

Formula 1A Formula 11

Tt L= Rolez Tt L2 Rale
F

Formula 1B Formula 1J

La1 ()

N X AN
Tt @a—Ran Tt @Waa—Rale
P N\F A
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Formula 1L
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.
k T @)~ Raln2
Z
7
Formula 1M
R,
|
L)ar
X
T LRl
/
(Lan)a21
|
Ry
Formula 1IN
Ry
|
(Ll)al
X X
Tt @L)a—Rale2
aa
(I|~21)a21
Ry
Formula 10
R
|
L)ar
7 I xR
I e R
U|~21)a21
Ra
Formula 1P

RI— L a— La)aa— Ry,

wherein, in Formulae 1A to 1P,

L,,L,, al, a2, R}, R,, and b2 are the same as described
in claim 1, and

L,;, a21, and R,, are the same as described in connection
with L, al, and R,.
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10. The organic light-emitting display apparatus of claim
1, wherein the first compound is one of Compounds 1 to 205:
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11. The organic light-emitting display apparatus of claim
1, wherein

the first compound is configured to absorb light having a
wavelength of about 400 nm to about 410 nm.
12. The organic light-emitting display apparatus of claim
1, wherein
the encapsulation unit further comprises a second com-
pound different from the first compound, and
a wavelength range of light absorbed by the first com-
pound is different from a wavelength range of light
absorbed by the second compound.
13. The organic light-emitting display apparatus of claim
1, wherein

Feb. 14, 2019

the encapsulation unit further comprises a third compound
different from the first compound, and
the first compound is dispersed in the third compound.
14. The organic light-emitting display apparatus of claim
13, wherein
the first compound is cross-linked to the third compound.
15. The organic light-emitting display apparatus of claim
1, wherein
the encapsulation unit further comprises a metal, a metal
halide, a metal nitride, a metal oxide, a metal oxyni-
tride, a silicon nitride, a silicon oxide, and/or a silicon
oxynitride.
16. The organic light-emitting display apparatus of claim
1, wherein
the encapsulation unit comprises at least one organic film
and at least one inorganic film, and
the at least one organic film consists of the first com-
pound.
17. The organic light-emitting display apparatus of claim
16, wherein
the at least one inorganic film comprises at least one
selected from the group consisting of a metal, a metal
halide, a metal nitride, a metal oxide, a metal oxyni-
tride, a silicon nitride, a silicon oxide, and a silicon
oxynitride.
18. The organic light-emitting display apparatus of claim
16, wherein
the at least one organic film comprises a first organic film,
the at least one inorganic film comprises a first inorganic
film, and
the first organic film is between the organic light-emitting
device and the first inorganic film.
19. The organic light-emitting display apparatus of claim
16, wherein
the at least one organic film comprises a first organic film,
the at least one inorganic film comprises a first inorganic
film, and
the first inorganic film is between the organic light-
emitting device and the first organic film.
20. An organic light-emitting display apparatus compris-
ing:
a substrate;
an organic emission unit on the substrate and comprising
a plurality of organic light-emitting devices; and
an encapsulation unit on the organic emission unit and
configured to seal the organic emission unit,
wherein the encapsulation unit comprises a first com-
pound represented by Formula 1:

o Formula 1
Ri—Lpatler—Ar)er—[L2)aa— Rzl
Formula 201
Rz
|
La)a3
|
0, N (0]
I TR
i T (Ca)as— Ralos
a
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-continued
. Formula 202
@) N O
A
T Lsdas— Rs]es
P
Formula 2-3
O
*—0
/ Rg
Rg
R,
Formula 2-4
O
—o—{
(Lo)as—Ro,

wherein, in Formulae 1 and 2-1 to 2-4,

Ar, isa C5-C, carbocyclic group or a C,-C,, heterocyclic
group,

clisOorl,

L, to L and L, are each independently selected from
*7N(R11)7*'5 *7B(R11)7*'5 *7P(Rll)7*'s *781
(R (R 3}, * S %, *—0—*, 5 So ¥+ C
(=0)*, * S(=0) ¥, * S(=0), * *C
R,)=—", *C(=S)—*, a substituted or

unsubstituted C,-Cg, alkylene group, a substituted or
unsubstituted C,-Cg, alkenylene group, a substituted or
unsubstituted C,-Cg, alkynylene group, a substituted or
unsubstituted C;-C,, cycloalkylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, , cycloalk-
enylene group, a substituted or unsubstituted heterocy-
cloalkenylene group, a substituted or unsubstituted
Cs-Cqo arvlene group, a substituted or unsubstituted
C,-C,, heteroarylene group, a substituted or unsubsti-
tuted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group,

al to a5 and a9 are each independently an integer from 0
to 10,

R, is a group represented by Formula 2-1 or a group
represented by Formula 2-2,

R, to R; are each independently selected from a group
represented by Formula 2-3, a group represented by
Formula 2-4, hydrogen, deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a
substituted or unsubstituted C,-Cg, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C;-Cg, cycloalkoxy group,
a substituted or unsubstituted C,-C,, cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted

125

Feb. 14, 2019

CeCq aryl group, a substituted or unsubstituted
Ce-Cqo aryloxy group, a substituted or unsubstituted
Cs-Cgo arylthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, Si(Q,)(Q.)NQs),
—N(Q(Q2), —BQQ,), —C(=0)Q)), —S(=0)
2(Q1): and *P(:O)(Ql)(Qﬁs

Rs to Ry, Ry, and R, are each independently selected
from hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a
substituted or unsubstituted C,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C5-Cy, cycloalkoxy group,
a substituted or unsubstituted C5-C, , cycloalkyl group,
a substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
Ce-Cqo aryl group, a substituted or unsubstituted
C-Cqo aryloxy group, a substituted or unsubstituted
Cs-Cgo arylthio group, a substituted or unsubstituted
C,-Cy heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, Si(Q.)(Q5)(Qy),
—N(Qa)(Qs), —B(Q,)(Qs5), —C(=0)Qu), —S(=0)
2(Qy). and —P(=0)(Q,)(Qs5).

bl is an integer from 1 to 10, wherein, when bl is two or
more, two or more *-(L;),;-R;(s) are identical to or
different from each other,

b2 is an integer from 1 to 10, wherein, when b2 is two or
more, two or more *-(L,),,-R,(s) are identical to or
different from each other,

b4 is an integer from 0 to 5, wherein, when b4 is two or
more, two or more *-(L,),,-R,(s) are identical to or
different from each other,

b5 is an integer from 0 to 6, wherein, when b5 is two or
more, two or more *-(L,),s-Rs(s) are identical to or
different from each other,

at least one substituent of the substituted C,-Cg, alkylene
group, the substituted C,-C,, alkenylene group, the
substituted C,-C,, alkynylene group, the substituted
C;-C,o cycloalkylene group, the substituted C,-C,
heterocycloalkylene group, the substituted C;-C,,
cycloalkenylene group, the substituted C,-C,, hetero-
cycloalkenylene group, the substituted C,-C, arylene
group, the substituted C,-Cg, heteroarylene group, the
substituted divalent non-aromatic condensed polycy-
clic group, the substituted divalent non-aromatic con-
densed heteropolycyclic group, the substituted C,-Cg,
alkyl group, the substituted C,-Cg, alkenyl group, the
substituted C,-Cg, alkynyl group, the substituted
C,-C,, alkoxy group, the substituted C;-Cg,
cycloalkoxy group, the substituted C5-C,,, cycloalkyl
group, the substituted C,-C,, heterocycloalkyl group,
the substituted C,-C,,, cycloalkenyl group, the substi-
tuted C,-C,, heterocycloalkenyl group. the substituted
Ce-Cqo aryl group, the substituted C,-Cy, aryloxy
group, the substituted C¢-Cy, arylthio group, the sub-
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stituted C,-Cy, heteroaryl group, the substituted mon-
ovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from:

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C,-Cg, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group,
a C,-Cq, alkoxy group, and a C,-C, cycloalkoxy
group;

a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-Cy,
alkynyl group, a C,-Cg, alkoxy group, and a C;-Cg,
cycloalkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C4-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C¢-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —Si(Q,,)(Q,,)(Q,5),
—N@Q Q) —BQ1Qn), —CEOQ),
—S(=0),Q,,), and —P(=0)(Q, )(Q,>):

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

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

126

Feb. 14, 2019

least one selected from deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cq,
alkynyl group, a C,-C4, alkoxy group, a C;-Cg,
cycloalkoxy group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, aC, C,, heterocycloalkenyl group, a C¢-Cy, aryl
group, a C4-Cg, aryloxy group, a C4-Cg, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,)
(sz)(st)s *N(Q21)(Q22)a 7B(Q21)(Q22)5 *C(:O)
(Qa1): —S(=0),(Qs,), and —P(=0)(Q,,)(Q,5), and

—Si(Q5)Q52)(Qs3), —N(Q5)(Q52), —B(Q5)(Qs),
(TQC():O)(QM): —S8(=0),(Qs,), and —P(=0)(Q;,)

t0 Qg, Q11 10 Qy3, Q10 Qo3, and Q;, 0 Qs are each
independently selected from hydrogen, deuterium, —F,

—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-C, alkyl group, a C,-C, alk-
enyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a C;-C,, cycloalkoxy group, a C;-Cy,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cq, aryl group, a Ce-Cy, aryl group
substituted with a C,-Cg, alkyl group, a C4-Cgy, aryl
group substituted with a C4-Cy,, aryl group, a terphenyl
group, a C,-Cg, heteroaryl group, a C,-Cg, heteroaryl
group substituted with a C,-Cq, alkyl group, a C,-Cq,
heteroaryl group substituted with a C4-Cg, aryl group,
a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group, and

Q

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