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7) ABSTRACT

Provided are a heterocyclic compound and an electronic
apparatus. The electronic apparatus includes: a substrate; an
organic light-emitting device on the substrate; and a thin film
encapsulation portion sealing the organic light-emitting
device, the thin film encapsulation portion including an
ultraviolet (UV) stabilizing mixture, and the UV stabilizing
mixture including a UV absorbent and a radical scavenger.
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FIG. 1
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FIG. 3

------ TRANSMITTANCE AFTER EXPOSURE OF COMPARATIVE EXAMPLE 1-1
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FIG. 4
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HETEROCYCLIC COMPOUND AND
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application Nos. 10-2018-0008951, filed
on Jan. 24, 2018 and 10-2018-0008952, filed on Jan. 24,
2018, in the Korean Intellectual Property Office, the entire
content of each of which is incorporated herein by reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to a heterocyclic
compound, an electronic apparatus including an organic
light-emitting device, and a method of manufacturing the
electronic apparatus.

2. Description of the Related Art

[0003] An electronic apparatus may include an organic
light-emitting device including a hole injection electrode, an
electron injection electrode, and an organic emission layer
between the hole injection electrode and the electron injec-
tion electrode. Organic light-emitting devices are self-emis-
sion devices that have wide viewing angles, high contrast
ratios, short response times, and excellent characteristics in
terms of brightness, driving voltage, and response speed,
compared to other devices in the art. For example, an
organic light-emitting display apparatus, which is a type (or
kind) of electronic apparatus including an organic light-
emitting device, is a self-emission apparatus in which holes
injected from a hole injection electrode and electrons
injected from an electron injection electrode recombine in an
organic emission layer to produce excitons. These excitons
transit (e.g., transition or relax) from an excited state to a
ground state, thereby generating light.

[0004] Since an organic light-emitting display apparatus
which is a self-emission display apparatus does not require
a separate light source, the organic light-emitting display
apparatus may be driven at a low voltage, may be configured
to be lightweight and thin, and may have excellent charac-
teristics in terms of viewing angles, contrast, and response
time. Therefore, applications of such organic light-emitting
display apparatuses range from, but are not limited to,
personal portable devices such as MP3 players and mobile
phones to televisions (TVs).

[0005] Additionally, as outdoor use of information devices
such as electronic apparatuses including organic light-emit-
ting devices increases, electronic apparatuses including
organic light-emitting devices are increasingly being
exposed to sunlight. In addition, there are many cases in
which an operation involving irradiation of ultraviolet rays
is required in a process of manufacturing an organic light-
emitting device. Therefore, if the ultraviolet rays are freely
transmitted to the inside of the organic light-emitting device,
an emission layer or the like including an organic material
may be seriously damaged.

SUMMARY

[0006] During the manufacturing process of an electronic
apparatus such as an organic light-emitting display, when
ultraviolet rays or the like are introduced into the apparatus
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from the outside of the apparatus or penetrate into the
apparatus, an emission layer, an insulating film, or the like,
including an organic material may be seriously damaged.
[0007] Aspects of embodiments of the present disclosure
provide an electronic apparatus capable of reducing the
amount of ultraviolet rays transmitted into an electronic
apparatus. However, these aspects of embodiments are illus-
trative and the scope of the present disclosure is not limited
thereto.

[0008] Additional aspects of embodiments 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 presented embodiments.

[0009] An aspect of an embodiment provides an electronic
apparatus including:

[0010] a substrate;

[0011] an organic light-emitting device on the substrate;
and

[0012] a thin film encapsulation portion sealing the

organic light-emitting device,

[0013] wherein the thin film encapsulation portion
includes an ultraviolet (UV) stabilizing mixture, and
[0014] the UV stabilizing mixture includes a UV absor-
bent and a radical scavenger.

[0015] Another aspect of an embodiment provides a het-
erocyclic compound represented by Formula B1:

(ADmLi-(A2)0.

[0016] In Formula B1,
[0017] L, may be an (ml+m2)-valent C,-C,, organic
group that links A, and A,

Formula B1

[0018] A, may be a UV-absorbing group,

[0019] A, may be a radical-scavenging group,

[0020] m1 may be an integer from 1 to 3, and

[0021] m2 may be an integer from 1 to 3.

[0022] Another aspect of an embodiment provides an

electronic apparatus including: a substrate; an organic light-
emitting device on the substrate; and a thin film encapsula-
tion portion sealing the organic light-emitting device,
wherein the thin film encapsulation portion includes the
heterocyclic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and/or other aspects of embodiments will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings in which:

[0024] FIGS. 1-2 are schematic cross-sectional views of
organic light-emitting display apparatuses as one example of
electronic apparatuses, according to an embodiment;
[0025] FIG. 3 is a graph showing transmittances of thin
film encapsulation portions of an electronic apparatus
according to Example 1-1 and an electronic apparatus
according to Comparative Example 1-1, with respect to
exposure time; and

[0026] FIG. 4 is a graph showing transmittances of thin
film encapsulation portions of the electronic apparatus
according to Example 2-1 and electronic apparatuses
according to Comparative Examples 2-1 and 2-2, with
respect to exposure time.

DETAILED DESCRIPTION

[0027] The present disclosure will now be described more
fully with reference to exemplary embodiments. The disclo-
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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. Features of the present disclosure, and how
to achieve them, will become apparent by reference to the
embodiments that will be described herein in more detail,
together with the accompanying drawings. The subject mat-
ter of the present disclosure may, however, be embodied in
many different forms and should not be limited to the
exemplary embodiments.

[0028] Hereinafter, embodiments are described in more
detail by referring to the attached drawings, and in the
drawings, like reference numerals denote like elements, and
a redundant explanation thereof will not be provided herein.
[0029] Itwill beunderstood that when a layer, film, region,
or plate is referred to as being “formed on,” another layer,
film, region, or plate can be directly or indirectly formed on
the other layer, film, region, or plate. For example, inter-
vening 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,
since sizes and thicknesses of components in the drawings
may be arbitrarily illustrated for convenience of explanation,
the following embodiments of the present disclosure are not
limited thereto.

[0030] Hereinafter, the terms “first,” “second,” etc. are
used only for the purpose of distinguishing one element
from another.

[0031] In the following embodiments, x-axis, y-axis, and
z-axis are not limited to three axes on the orthogonal
coordinates system, and may be construed as a broader
sense. For example, x-axis, y-axis, and z-axis may be
orthogonal to one another, but may indicate different direc-
tions that are not orthogonal to one another.

[0032] An aspect of an embodiment provides an electronic
apparatus including: a substrate; an organic light-emitting
device on the substrate; and a thin film encapsulation sealing
the organic light-emitting device, wherein the thin film
encapsulation includes a UV stabilizing mixture, and the UV
stabilizing mixture includes a UV absorbent and a radical
scavenger.

[0033] For example, the electronic apparatus may include:
a substrate; an organic light-emitting device included within
a pixel defining region on the substrate; and a thin film
encapsulation sealing the organic light-emitting device,
wherein the thin film encapsulation includes a UV stabiliz-
ing mixture.

[0034] Another aspect of an embodiment provides an
electronic apparatus including: a substrate; an organic light-
emitting device on the substrate; and a thin film encapsula-
tion sealing the organic light-emitting device, wherein the
thin film encapsulation includes the heterocyclic compound.
[0035] For example, the electronic apparatus may include:
a substrate; an organic light-emitting device included in a
pixel defining region on the substrate; and a thin film
encapsulation sealing the organic light-emitting device,
wherein the thin film encapsulation includes the heterocyclic
compound. The heterocyclic compound will be described
below.

[0036] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting display apparatus 10 according to an
embodiment.

EENT
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[0037] Referring to FIG. 1, the organic light-emitting
display apparatus 10 according to an embodiment includes
a substrate 100, an organic light-emitting device 200, and a
thin film encapsulation 300.

[0038] The substrate 100 may be any one of various
suitable substrates that are used in an organic light-emitting
display apparatus in the related art, and may be an inorganic
substrate or an organic substrate, each having high mechani-
cal strength, thermal stability, transparency, surface smooth-
ness, ease of handling, and water repellency.

[0039] Forexample, the substrate 100 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.

[0040] In one embodiment, the substrate 100 may be an
organic substrate including an insulating organic material.
The insulating organic material may be selected from, for
example, polyethersulphone (PES), polyacrylate (PAR),
polyetherimide (PEI), polyethylene napthalate (PEN), poly-
ethylene terephthalate (PET), polyphenylene sulfide (PPS),
polyallylate, polyimide, polycarbonate (PC), cellulose triac-
etate (TAC), and cellulose acetate propionate (CAP), but
embodiments of the present disclosure are not limited
thereto.

[0041] 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.

[0042] The first electrode may be formed by, for example,
depositing or sputtering a material for a first electrode on the
substrate. When the first electrode is an anode, the material
for forming the first electrode may be selected from mate-
rials having a high work function to facilitate hole injection.
[0043] 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 a 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
thereto. In one or more embodiments, when the first elec-
trode is a semi-transmissive electrode or a reflectable elec-
trode, a material for forming a first electrode may be selected
from magnesium (Mg), silver (Ag), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), and any combina-
tions thereof, but embodiments of the present disclosure are
not limited thereto.

[0044] 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.

[0045] An interlayer may be disposed on the first elec-
trode, the interlayer including the emission layer.

[0046] 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, but embodiments of the present dis-
closure are not limited thereto.

[0047] A second electrode may be disposed on the inter-
layer. The second electrode 190 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
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work function, and such a material may be metal, alloy, an
electrically conductive compound, or a combination thereof.

[0048] The second electrode may include at least one
selected from lithium (L), 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.

[0049] The first electrode may have a single-layered struc-
ture, or a multi-layered structure including two or more
layers.

[0050] The organic light-emitting device 200 includes a
thin film encapsulation 300.

[0051] The thin film encapsulation 300 may have a UV
stabilizing mixture, and the UV stabilizing mixture may
include an UV absorber and a radical scavenger.

[0052] In one embodiment, the UV absorber may include
at least one UV absorbing compound which is selected from:

[0053] a benzophenone-containing compound, a benzo-
quinone-containing compound, an anthraquinone-contain-
ing compound, a xanthone-containing compound, a benzo-
triazine-containing  compound, a  benzotriazinone-
containing  compound, a  benzotriazole-containing
compound, a benzoate-containing compound, a cyanoacry-
late-containing compound, a triazine-containing compound,
an oxanilide-containing compound, a salicylate-containing
compound, and a pyrene-containing compound, each sub-
stituted with a hydroxyl group.

[0054] The benzophenone-containing compound may
include, for example, 2-hydroxybenzophenone, 2.4-dihy-
droxybenzophenone, 2-hydroxy-4-methoxybenzophenone,
2-hydroxy-4-octylbenzophenone, 4-dodecyloxy-2-hydroxy-
benzophenone, 4-benzyloxy-2-hydroxybenzophenone, 2,2,
4 4'-tetrahydroxybenzophenone, 2,2'-dihydroxy-4,4'-dime-
thoxybenzophenone, or the like.

[0055] The benzoquinone-containing compound may
include, for example 2-hydroxybenzoquinone.

[0056] The anthraquinone-containing compound may
include, for example, 1-hydroxyanthraquinone, 1,5-hy-
droxyanthraquinone, 1,8-hydroxyanthraquinone, or the like.
[0057] The benzotriazole-containing compound may
include, for example, 2-(2-hydroxyphenyl)benzotriazole,
2-(5-methyl-2-hydroxyphenyl)benzotriazole, 2-[2-hydroxy-
3,5-bis(a,a-dimethylbenzyl)phenyl]-2H-benzotriazole,
2-(3,5-di-t-butyl-2-hydroxyphenyl)benzotriazole, 2-(3-t-bu-
tyl-5-methyl-2-hydroxyphenyl)-5-chlorobenzotriazole,
2-(3,5-di-t-butyl-2-hydroxyphenyl)-5-chlorobenzotriazole,
2-(3,5-di-t-acyl-2-hydroxyphenyl)benzotriazole, 2-(2'-hy-
droxy-5'-t-octylphenyl)benzotriazole, or the like.

[0058] The benzoate-containing compound may include,
for example, phenyl 2-hydroxybenzoate, 2,4-di-t-butylphe-
nyl-3',5'-di-t-butyl-4-hydroxybenzoate, or the like.

[0059] The triazine-containing compound may include,
for example 2-(4,6-diphenyl-1,3,5-triazine-2-yl)phenol,
2-(4,6-diphenyl-1.3,5-triazine-2-y1)-5-(hexyl)oxy-phenol,
2-[4-[(2-hydroxy-3-dodecyloxypropyl)oxy]-2-hydroxyphe-
nyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, or the like.
[0060] The salicylate-containing compound may include,
for example, phenylsalicylate, 4-t-butylphenylsalicylate, or
the like.
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[0061] In one embodiment, the UV absorbing compound
may be represented by one selected from Formulae Al-1 to
Al-3:

Formula Al-1
(@]
i on Pooyy
(R10)ato—% _\ /\ S
R R
Formula A1-2
(@]
|
(RZO)a20_|
(6]
Formula A1-3

(R3p)as0-

[0062] In Formulae Al-1 to Al-3,

[0063] CY, and CY, may each independently be selected
from a benzene group, a naphthalene group, an anthracene
group, a pyrene group, and a phenanthrene group,

[0064] 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 unsub-
stituted C,-Cq, alkyl group, a substituted or unsubstituted
C,-Cg, alkenyl group, a substituted or unsubstituted C,-Cy,
alkynyl group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C,5-Cgq cyclo alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cgo aryl group, a substituted or unsubstituted C4-Cg,
aryloxy group, a substituted or unsubstituted C4-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, Si(Q,)Q.)(Qs), —N(Q)}Q,), —B(Q)Q,),

—C(=0)Q,), —8(=0),(Q,), and —P(=0)(Q,)(Q,),
[0065] R, and R, may optionally be linked to form a

—(Y)p— linking group,

[0066] Y, may be —O—, —S—, or —C(—=0)—,
[0067] k1 may be an integer from 1 to 3,
[0068] one of Y, and Y, may be N, and the other may be

a single bond, a double bond, or —C(—0)—,

[0069] R,,, Ry, Ry, and Ry, 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,-Cg, alkenyl group, a substituted or unsubstituted
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C,-C¢, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-Cq,, cyclo
alkoxy 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-Cq, aryl group, a substituted or unsubstituted
C4-Cy, aryloxy group, a substituted or unsubstituted C,-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-

eropolycyclic  group,  Si(Q)(Q)(Qs),  —N(Q)(Qy),
—BQ)Q,), —CE=0)XQ). —S5(0),(Q,), and
7P(:O)(Q1)(Q2)s

[0070] al0 may be an integer from 1 to 18,

[0071] a20 may be an integer from 1 to 4,

[0072] a30 may be an integer from 1 to 3,

[0073] a40 may be an integer from 1 to 4,

[0074] at least one of R,(s) in the number of al0 may be

a hydroxyl group,

[0075] at least one of R,,(s) in the number of a20 may be
a hydroxyl group,

[0076] at least one of R,,(s) in the number of a30 may be
a hydroxyl group,

[0077] at least substituent of the substituted C,-C,, alkyl
group, the substituted C,-Cy, alkenyl group, the substituted
C,-C, alkynyl group, the substituted C,-C, alkoxy group,
the substituted C,;-C, cyclo alkoxy group, the substituted
C;-C,, cycloalkyl group, the substituted C,-C,,, heterocy-
cloalkyl group, the substituted C,-C,, cycloalkenyl group,
the substituted C,-C, , heterocycloalkenyl group, the substi-
tuted C4-Cg, aryl group, the substituted C,-C,, aryloxy
group, the substituted C4-Cg, arylthio group, the substituted
C,-Cg, heteroaryl group, the substituted monovalent non-
aromatic condensed polycyclic group, and the substituted
monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

[0078] 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,-Cq, alkyl group, a C,-C,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cq, alkoxy
group, and a C;-Cg, cyclo alkoxy group;

[0079] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cgp alkynyl group, a C,-Cy, alkoxy group, and a C;-Cy,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an 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-Co, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q,)(Q;.)(Q,3),
—N(Q,1)Q12), —B(Q1)(Q1,), —C(=0)Qy), —8(=0)
2(Quy), and —P(=0)(Q,1)(Qy2);

[0080] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cgp aryl group, a Cy-Cep
aryloxy group, a C,-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
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group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group;
[0081] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-Cg,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyelic 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,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cq, alkoxy
group, a C,-Cy, cyclo alkoxy 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-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,,)(Q15)(Qs53),
7N(Q21)(Q22)5 *B(Qu)(sz)s 4C(:O)(Qz1)s —S(=0)
2(Qz1) and —P(—=0)(Q2,)(Q,»); and

[0082] —Si(Q3)(Q32)(Qs3), —N(Q5,)(Qs2). —B(Qsy)
(Qsz)s 4C(:O)(Q31)s *S(:O)z(Q3 1); and 7P(:O)(Q31)
(Qs5), and

[0083] Q, t0 Qs Q) 10 Qy5, Qy; 10 Qz, and Qs 10 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;-Cy, cyclo alkoxy group, a C,-C,, cycloalkyl group, a
C,-C,y heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg, aryl
group, a C4-Cy, aryl group substituted with a C,-Cy, alkyl
group, a C4-Cq, aryl group substituted with a C4-Cyyy aryl
group, a terphenyl group, a C,-C,, heteroaryl group, a
C,-Cg heteroaryl group substituted with a C,-Cg, alkyl
group, a C,-C,, heteroaryl group substituted with a C,-C,
aryl group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed heteropo-
lycyclic group, a biphenyl group, and a terphenyl group.

[0084] In one embodiment, in Formulae Al-1 to Al-3,

[0085] R, and R, may each independently be selected
from:
[0086] 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, and a C,-C,, alkoxy group; and

[0087] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C;-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C,5-C,,, cyclo alkoxy 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,
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-
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phenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, and a triazinyl
group,

[0088] wherein R; and R, may optionally be linked to
form a —(Y,),,— linking group, wherein —(Y,),,— may
be —O0—, —S,— or —C(=0)—.

[0089] Forexample, 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, and a C,-C, alkoxy group,

[0090] wherein R, and R, may be linked to form a—(Y )
«— linking group, wherein —(Y,),;— may be —O—,
—S—, or —C(=0)—.

[0091] In one embodiment, in Formulae Al-1 to Al-3,
[0092] R,,, R,y Rs,, and R,, may each independently be
selected from:

[0093] hydrogen, 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,-C,,, alkyl
group, and a C,-C, alkoxy group; and

[0094] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C;-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C;-C,, cyclo alkoxy 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,
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.

[0095] For example, R, Rso, Ryg, and R,y may each
independently be selected from:

[0096] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C,,, alkyl
group, and a C,-C,, alkoxy group; and

[0097] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C,;-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C;-C,, cyclo alkoxy 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,
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.

[0098] In one embodiment, the UV absorbing compound
may be represented by one selected from Formulae A2-1 to
A2-9:
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[0099] In Formulae A2-1 to A2-9,

[0100] R,, R, andR,, to R are the same as described in
connection with R, g,

[0101] al6 may be 1, 2, 3, or 4,

[0102] b16 may be 1 or 2,

[0103] b17 may be 1, 2, 3, or 4,

[0104] c15 may be 1 or 2,

[0105] c16 may be 1, 2, or 3,

[0106] c¢17 may be 1 or 2,

[0107] R,, to R,, are the same as described in connection
with Ry,

[0108] R;, to R,5 are the same as described in connection
with R;,

[0109] R,, to R,, are the same as described in connection

with R,,, and

[0110] atleastone of R}, to R 4, at least one of R,, to R,,,
and at least one of R;; to R;5 may be a hydroxyl group.

[0111] In one embodiment, at least one of R,;, R, and
R, in Formulae A2-1 to A2-7 may be a hydroxyl group. For
example, at least one of R;; and R,, may be a hydroxyl
group, but embodiments of the present disclosure are not
limited thereto.

[0112] Inone embodiment, R,, in Formula A2-8 may be a
hydroxyl group.

[0113] In one embodiment, at least one of R,, and R, in
Formula A2-9 may be a hydroxyl group.

[0114] In one embodiment, the UV-absorbing compound
may be represented by one selected from Formulae A3-1 to
A3-9:

Rig Ris
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[0115] In Formulae A3-1 to A3-9,
[0116] R, ;to R, are the same as described in connection
with Ry,
[0117] R,, to R,; are the same as described in connection
with R,,, and
[0118] R,, is the same as described in connection with
2
[0119] Inone embodiment, the UV absorbent may include

a first UV-absorbing compound and a second UV-absorbing
compound,

[0120] The first UV-absorbing compound and the second
UV-absorbing compound may each independently be
selected from a benzophenone-containing compound, a ben-
zoquinone-containing compound, an anthraquinone-con-
taining compound, a xanthone-containing compound, a ben-
zotriazine-containing compound, a benzotriazinone-
containing  compound, a  benzotriazole-containing
compound, a benzoate-containing compound, a cyanoacry-
late-containing compound, a triazine-containing compound,
an oxanilide-containing compound, a salicylate-containing
compound, and a pyrene-containing compound, each sub-
stituted with a hydroxyl group, and

[0121] a wavelength range of light absorbed by the first
UV-absorbing compound may be different from a wave-
length range of light absorbed by the second UV-absorbing
compound.

[0122] The UV absorbent may absorb ultraviolet rays and
prevent the ultraviolet rays from penetrating the organic
light-emitting device 200 (or reduce the amount of ultravio-
let rays that penetrate the organic light-emitting device 200).
Therefore, the organic light-emitting display apparatus 10
including the UV absorbent in the thin film encapsulation
300 may prevent the emission layer, the insulating film, or
the like, including the organic material, from being damaged
by the ultraviolet rays (or may reduce a likelihood or degree
of such damage).

[0123] In one embodiment, the UV absorbent may absorb
a wavelength of about 280 nm to about 430 nm.

[0124] In one embodiment, the radical scavenger may
include at least one of the radical-scavenging compound,
and

[0125] the radical-scavenging compound may be selected
from a phenol-containing compound, a hindered amine-
containing compound, and a phenylenediamine-containing
compound.

[0126] In one embodiment, the radical scavenger may
include at least one compound represented by one selected
from Formulae A4-1 to 4-3:
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[0127] In Formulae A4-1 to A4-3,

[0128] ring Ar, may be a benzene ring or a naphthalene
ring,

[0129] L,, and L,, may each independently be —O—,
—S—, $(=0),—, —C(=0)—, —C(=0)0—, —C(=0)
NH—, a C,-C;, hydrocarbon group, a C;-C, carbocyclic
group, or a C,-C,,, heterocyclic group,

[0130] m10 and m20 may each independently be an inte-
ger from O to 5, wherein, when m10 is two or more, two or
more L;,(s) may be identical to or different from each other,
and when m10 is 0, L, ; may be a single bond, and when m20
is two or more, two or more L,,(s) may be identical to or
different from each other, and when m20 is 0, L,, may be a
single bond,

[0131] Rs, Rsy, Reo, Reys R, and R to 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,-Cq, alkyl group, a
substituted or unsubstituted C,-Cq, alkenyl group, a substi-
tuted or unsubstituted C,-Cy, alkynyl group, a substituted or
unsubstituted C,-Cy, alkoxy group, a substituted or unsub-
stituted C;-Cg,, cyclo alkoxy group, a substituted or unsub-
stituted C;-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkyl group, a substituted or
unsubstituted C;-C,,, cycloalkeny! group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-C,, aryl group, a substituted or
unsubstituted C,-Cg, aryloxy group, a substituted or unsub-
stituted C4-Cy,, arylthio group, a substituted or unsubstituted
C,-Cg, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed

heteropolycyclic - group,  Si(Q)(Q)(Qs). —N(Q)(Qy),
—BQIQ,), —C=O0NQ),  —S(=0)Q), and
—P(E=0)QQ).

(Lao)mo—Re2

Fomula A4-3
Ry

[0132] a50 may be an integer from 1 to 6,
[0133] a60 may be an integer from 1 to 4,
[0134] a70 may be an integer from 1 to 4,
[0135] when a50 is two or more, two or more Rs,(s) may

be identical to or different from each other,
[0136] when a60 is two or more, two or more R, (s) may
be identical to or different from each other,
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[0137] when a70 is two or more, two or more R, (s) may
be identical to or different from each other,

[0138] at least one substituent of the substituted C,-Cg,
alkyl group, the substituted C,-Cy, alkenyl group, the sub-
stituted C,-Cy,, alkynyl group, the substituted C, -C,, alkoxy
group, the substituted C5-Cg, cyclo alkoxy group, the sub-
stituted C,-C,,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C5-C,, cycloalkenyl
group, the substituted C,-C,, heterocycloalkenyl group, the
substituted C4-Cgy aryl group, the substituted Cg-Co, ary-
loxy group, the substituted C,-C, arylthio group, the sub-
stituted C,-C,, heteroaryl group, the substituted monovalent
non-aromatic condensed polycyclic group, and the substi-
tuted monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

[0139] 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,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-C, alkoxy
group, and a C,-C, cyclo alkoxy group;

[0140] a C,-Cg, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, a C,-Cy, alkoxy group, and a C;-Cg,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-Cg aryloxy group, a C4-Cg, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q;,)(Q,)(Q;5),
*N(Qn)(Qu)s *B(Qn)(Qu)s 4C(:O)(Q11)s —S(=0)
2(Qqy). and —P(=0)(Q,)(Qy2);

[0141] a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cgp aryl group, a Cyg-Cep
aryloxy group, a C-Cy, 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;
[0142] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a Cy-Cqp
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl1, —Br, —I, 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,-Cg4, alkoxy
group, a C,-Cy, cyclo alkoxy 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 C4-Cg, aryloxy group, a C4-Co, 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,,)(Q1:)(Qs3),
7N(Q21)(Q22)3 *B(Qm)(sz)s 4C(:O)(Q21)s —S(=0)
2(Qzy) and —P(—=0)(Q2,)(Qx»); and

(0143]  —Si(Q3)(Q32)(Qs3), —N(Q31)(Qs2): —B(Qs))
(Qs2), —C(=0)(Q;1): —S(=0),(Q;,) and —P(=0)(Q;,)
(Qs2), and
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[0144] Q, t0 Q;, Q) 10 Qy5, Qs 10 Qyz, and Qs 10 Qs

may each independently be selected from hydrogen, deute-
rium, —F, —C1, —Br, —I, 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,-C, alkenyl
group, a C,-Cq, alkynyl group, a C,-Cg, alkoxy group, a
C;-Cg cyclo alkoxy group, a C,-C,, cycloalkyl group, a
C,-C,y heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cq, aryl
group, a C4-Cy, aryl group substituted with a C,-Cy, alkyl
group, a C,-Cy, aryl group substituted with a C,-C, aryl
group, a terphenyl group, a C,-C,, heteroaryl group, a
C,-Cy, heteroaryl group substituted with a C,-C,,, alkyl
group, a C,-Cg, heteroaryl group substituted with a C4-Cg,
aryl group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed heteropo-
lycyclic group, a biphenyl group, and a terphenyl group.

[0145] In one embodiment, in Formulae A4-1 to A4-3,
[0146] L,, and L,, may each independently be selected
from:

[0147) —O—, —S—,  S(=0),— —C(=0)—,

—C(=0)0—, and —C(—O)NH—;

[0148] a C,-C,, alkylene group, a C,-C,, alkenylene
group, a C;-C,, cycloalkylene group, a C,-C,, heterocy-
cloalkylene group, a C;-C,, cycloalkenylene group, a
C,-C,, heterocycloalkenylene group, a C4-Cy, arylene
group, a C,-C,, heteroarylene group, a divalent non-aro-
matic condensed polycyclic group, and a divalent non-
aromatic condensed heteropolycyclic group; and

[0149] a C,-C,, alkylene group, a C,-C,, alkenylene
group, a C;-C,, cycloalkylene group, a C,-C,, heterocy-
cloalkylene group, a C,;-C,, cycloalkenylene group, a
C,-C,, heterocycloalkenylene group, a C,-C,, arylene
group, a C,-C,, heteroarylene group, a divalent non-aro-
matic condensed polycyclic group, and a divalent non-
aromatic condensed heteropolycyclic group, each substi-
tuted with at least one 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,-C,, alkyl group, a C,-C,, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclo-
pentenyl group, a cyclohexenyl group, a phenyl group, a
biphenyl group, a terphenyl group, a phenyl group substi-
tuted with a C,-C, , alkyl group, a phenyl group substituted
with —F, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a thiophenyl group, a furanyl group, a carbazolyl
group, an indolyl group, an isoindolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, a dibenzosilolyl group, a pyridinyl

group, —Si(Q5,)(Q52)(Qs3), and —N(Q5;)(Q55).

[0150] In one or more embodiments, in Formulae A4-1 to
A4-3,

[0151] one of L, and L,, may be selected from:

[0152] a C4-C,, alkylene group, a Cy4-Cs, alkenylene

group, and a C,-C,, alkynylene group; and
[0153] a C4-C,, alkylene group, a C,-Cj, alkenylene
group, and a C4-C,, alkynylene group, each substituted with



US 2019/0229290 Al

at least one substituent 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, cyclo
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a triazinyl group, and —Si(Q;,)(Qs,)
(Qaa)s or

[0154] one of R, Rsy, Reo, Ry, and R to R, may be
selected from:
[0155] a C,-C,, alkyl group, a C,-C,, alkoxy group, a

Cs-C5 alkenyl group, and a C4-C,, alkynyl group; and
[0156] a C,-C,, alkyl group, a C¢-Cyy alkoxy group, a
Cs-C5p alkenyl group, and a C4-Cy, alkynyl group, each
substituted with at least one substituent selected from deu-
terium, —F, —Cl, —Br, —1, 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,, cyclo alkoxy 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 pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a triazinyl group,
and —Si(Q5,)(Q3,)(Qs5)-

[0157] In one embodiment, at least one selected from L, ,,
Lso, Rsos Rsy, Ryos Rgy, and R,y to R, may include a
hydrocarbon chain consisting of six or more carbon atoms,
thereby improving miscibility with other constituents in the
thin film encapsulation.

[0158] In one embodiment, the radical scavenger may
include at least one compound represented by one selected
from Formulae AS5-1 to AS-4:

AS5-1
Rs3
HO Lig—Rs
Rs
AS5-2
Rs3
HO \
S
RS, —/ "Lio—Rs;
AS53
Res
Re3
Rg—N Ly—Rs2
Res
Res
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-continued
A5-4
Ryg Rss
Ry Ry
\
/N N\
R72 R73-
[0159] In Formulae AS5-1 to A5-4,
[0160] Ry, to Rss, Rg; to Reg, and R, to R, may each

independently be selected from:

[0161] 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, and a
C,-C,, alkoxy group; and

[0162] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C,-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C,-C,,, cyclo alkoxy 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,
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, and

[0163] L,, and L,, are each independently the same as
described above.

[0164] The phenol-containing compound may be buty-
lated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), tert-butylhydroquinone (TBHQ), propyl gallate
(PG), catecol(1,2-benzenediol), 1,2-naphthalenediol, or the
like.

[0165] The hindered amine-containing compound may be
bis-(2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis-(N-
methyl-2,2,6,6-tetramethyl-4-piperidyl )sebacate, bis-(1,2,2,
6,6-pentamethyl-4-piperidyl)sebacate,  1,2,2,6,6-pentam-
ethyl-4-piperidyl-tridecyl-1,2,3 4-butanetetracarboxylate,
tetrakis-(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3,4-butanetet-
racarboxylate, tetrakis-(N-methyl-2,2,6,6-tetramethyl-4-pi-
peridyl)-1,2,3,4-butanetetracarboxylate, or the like.

[0166] The phenylenediamine-containing compound may
be o-phenylenediamine, m-phenylenediamine, p-phenylene-
diamine, or the like; or o-phenylenediamine, m-phenylene-
diamine, or p-phenylenediamine, each substituted with at
least one selected from deuterium, —F, —CI, —Br, —1I, 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, and a C;-C,, alkoxy
group.

[0167] In one embodiment, the amount of the radical
scavenger may be in a range of about 0.5 parts by weight to
about 20 parts by weight based on 100 parts by weight of the
UV absorbent. When the amount of the radical scavenger is
within this range, the optical stability of the thin film
encapsulation due to the radical scavenger is high so that the
thin film encapsulation effectively protects the organic light-
emitting device from ultraviolet rays. When the amount of
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the radical scavenger is less than about 0.5 parts by weight,
the optical stability of the thin film encapsulation may not be
sufficiently secured, and when the amount of the radical
scavenger exceeds 20 parts by weight, the transmittance of
the thin film encapsulation in a visible ray region may be
hindered, and the luminescent efficiency of the organic
light-emitting device (for example, a blue organic light-
emitting device having a maximum emission wavelength of
about 430 nm to about 460 nm) may be hindered.

[0168] Inone embodiment, the thin film encapsulation 300
may further include a matrix resin, and the UV absorbent
may be dispersed in the matrix resin. At this time, the UV
absorbent may be simply dispersed in the matrix resin.
Alternatively, the UV absorbent may be cross-linked to the
matrix resin. For example, the UV absorbent may include
the polymeric functional group, and the UV absorbent may
be cross-linked to the matrix resin.

[0169] Inone embodiment, the thin film encapsulation 300
may further include a photopolymerization initiator. The
photopolymerization initiator may use any suitable one
available in the art without any special limitation, and may
use those that are curable at a wavelength of, for example,
about 360 nm to about 420 nm.

[0170] Inone embodiment, the thin film encapsulation 300
may further include at least two types (or kinds) of the
photopolymerization initiator. For example, one of the at
least two types (or kinds) of the photopolymerization ini-
tiator may be curable in a UV region (at a wavelength of, for
example, about 360 nm to about 420 nm), and the other may
be curable in a visible ray region (for example, at a wave-
length of; for example, about 400 nm to about 770 nm). In
one or more embodiments, the at least two types (or kinds)
of the photopolymerization initiator may be all curable in a
UV region or a visible ray region.

[0171] Inone embodiment, the thin film encapsulation 300
may further include at least one selected from a metal, a
metal halide, a metal nitride, a metal oxide, a metal oxyni-
tride, a silicon nitride, a silicon oxide, and a silicon oxyni-
tride.

[0172] For example, the thin film encapsulation 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.

[0173] Inone embodiment, the thin film encapsulation 300
may include at least one organic film. The at least one
organic film may include a first organic film, and the UV
stabilizing mixture may be included in the first organic film.

[0174] Inone embodiment, the thin film encapsulation (for
example, the first organic film) including the UV stabilizing
mixture may have a transmittance of about 10% or less (for
example, 8%) with respect to light having a wavelength of
about 400 nm to about 410 nm (for example, 405 nm).

[0175] In one or more embodiments, the thin film encap-
sulation (for example, the first organic film) including the
UV stabilizing mixture may have a transmittance of about
80% (for example, 90% or more) with respect to light having
a wavelength of about 430 nm or more, and may have a

Jul. 25,2019

transmittance of about 10% or less with respect to light
having a wavelength of about 405 nm or less.

[0176] In one embodiment, when the first organic film is
exposed to an exposure amount of 52,000 Wh/m? a change
in transmittance with respect to a wavelength range of about
400 nm to about 410 nm is may be less than 5%.

[0177] Inoneormore embodiments, when the first organic
film is exposed to an exposure amount of about 52,000
Wh/m?, a change in transmittance with respect to a wave-
length range of about 400 nm to about 405 nm may be less
than 3%.

[0178] Inoneor more embodiments, when the first organic
film is exposed to light having a maximum emission wave-
length of about 405 nm or light having a wavelength range
of about 380 nm to about 410 nm with respect to an exposure
amount of about 52,000 Wh/m?, a change in transmittance
with respect to a wavelength range of about 400 nm to about
410 nm may be less than 5%.

[0179] Inoneor more embodiments, when the first organic
film is exposed to light having a maximum emission wave-
length of about 405 nm or light having a wavelength range
of about 380 nm to about 410 nm in an exposure amount of
about 52,000 Wh/m?, a change in transmittance with respect
to a wavelength range of about 400 nm to 405 nm may be
less than 3%.

[0180] The change in transmittance in the above wave-
length range may be measured by, for example, exposing the
first organic film by using an LED lamp emitting light
having a wavelength range of about 380 nm to about 410 nm
and a maximum emission wavelength of about 405 nm.
[0181] In one embodiment, a thickness of the first organic
film may be in a range of about 10 nm to about 20 um, for
example, about 10 nm to about 10 pm.

[0182] In one embodiment, the amount of the UV stabi-
lizing mixture may be in a range of about 3 parts by weight
to about 10 parts by weight based on 100 parts by weight of
the first organic film. By controlling the amount of the UV
stabilizing mixture in the first organic film, a maximum
absorption wavelength of the first organic film may be finely
adjusted, and a UV absorption spectrum may be controlled.
[0183] For example, the at least one organic film may
consist of the UV stabilizing mixture.

[0184] In one embodiment, the at least one organic film
may further include, in addition to the UV stabilizing
mixture, the matrix resin, and the UV stabilizing mixture
may be dispersed in the matrix resin. At this time, the UV
stabilizing mixture may be simply dispersed in the matrix
resin, or the UV stabilizing mixture may be cross-linked to
the matrix resin.

[0185] In one embodiment, the first organic film may
further include a matrix resin, and

[0186] the matrix resin may include at least one selected
from an acryl-based resin, a methacryl-based resin, an
isoprene-based resin, a vinyl-based resin, an epoxy-based
resin, a urethane-based resin, a cellulose resin, a perylene-
based resin, an imide-based resin, and a silicone-based resin.
[0187] In one embodiment, the at least one organic film
may further include, in addition to the UV stabilizing
mixture, a photopolymerization initiator. The photopolymer-
ization initiator is the same as described above.

[0188] In one embodiment, the at least one organic film
may further include, in addition to the UV stabilizing
mixture, the matrix resin and the photopolymerization ini-
tiator.
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[0189] The atleast one organic film may be formed in a set
or predetermined region by using vatious suitable methods,
such as vacuum deposition, spin-coating, casting, Langmuir-
Blodgett (LB), inkjet printing, laser printing, or laser
induced thermal imaging (LITT). The number and thickness
of organic films may be appropriately selected by taking into
account productivity or device characteristics.

[0190] In one embodiment, the thin film encapsulation
may further include at least one inorganic film, and the at
least one inorganic film may further include a first inorganic
film.

[0191] In one embodiment, the inorganic film may include
at least one selected from a metal, a metal halide, a metal
nitride, a metal oxide, a metal oxynitride, a silicon nitride, a
silicon oxide, and a silicon oxynitride.

[0192] 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.

[0193] The at least one inorganic film may be formed in a
set or predetermined region by using various suitable meth-
ods, such as chemical vapor deposition (CVD), plasma-
enhanced chemical vapor deposition (PECVD), sputtering,
atomic layer deposition (ALD), or thermal evaporation. The
number and thickness of inorganic films may be appropri-
ately selected by taking into account productivity or device
characteristics.

[0194] 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, 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 sequen-
tially stacked from the organic light-emitting device 200 in
this stated order. It should be understood that the term
“sequentially stacked” does not exclude that 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.

[0195] 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.

[0196] 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.
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[0197] 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.

[0198] 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, and the second inor-
ganic film, and the second organic film may be sequentially
stacked from the organic light-emitting device 200 in this
stated order.

[0199] 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.

[0200] 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, 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.

[0201] 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 from this stated
order.

[0202] 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, 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 from this stated order.
[0203] 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, the first organic film, the first inor-
ganic 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 and inorganic
films, and the stacking order of the inorganic films and the
organic films may be appropriately modified according to
the design.

[0204] The organic light-emitting display apparatus 10
may include a plurality of organic light-emitting devices
200. In one embodiment, the organic light-emitting display
apparatus 10 may include: a substrate, an organic emission
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unit including a plurality of organic light-emitting devices
200 on the substrate; and a thin film encapsulation 300
sealing the organic emission unit, wherein the thin film
encapsulation 300 includes a UV stabilizing mixture. The
UV stabilizing mixture is the same as described above.
[0205] For example, the thin film encapsulation 300 may
include the UV stabilizing mixture and may further include,
in addition to the UV stabilizing mixture, a matrix resin. The
matrix resin is the same as described above.

[0206] Inone embodiment, the thin film encapsulation 300
may further include, in addition to the UV stabilizing
mixture, a metal, a metal halide, a metal nitride, a metal
oxide, a metal oxynitride, a silicon nitride, a silicon oxide,
and a silicon oxynitride.

[0207] Inoneembodiment, the thin film encapsulation 300
may include at least one organic film and at least one
inorganic film, and the at least one organic film may include
the UV absorbent. The at least one organic film and the at
least one inorganic film are the same as described above.
[0208] Another aspect of an embodiment provides a
method of manufacturing an electronic apparatus, including:

[0209] forming an organic light-emitting device on a sub-
strate; and
[0210] forming a thin film encapsulation sealing the

organic light-emitting device on the substrate,

[0211] wherein the forming of the thin film encapsulation
includes providing a thin film encapsulation composition
sealing the organic light-emitting device and curing the thin
film encapsulation composition,

[0212] the thin film encapsulation composition includes a
UV stabilizing mixture, and

[0213] the UV stabilizing mixture includes a UV absor-
bent and a radical scavenger.

[0214] The thin film encapsulation, the UV stabilizing
mixture, the UV absorbent, and the radical scavenger are the
same as described above. When the electronic apparatus is
manufactured according to the above-described method,
external UV rays are blocked from reaching the organic
light-emitting device, thereby preventing a damage from
occurring when the organic light-emitting device is continu-
ously exposed to the UV rays (or reducing a likelihood or
degree of such damage), and improving the durability of the
organic light-emitting device and the electronic apparatus
including the same.

[0215] In one embodiment, the thin film encapsulation
composition may further include a matrix resin monomer
and a photopolymerization initiator.

[0216] The matrix resin monomer may form a matrix resin
included in the thin film encapsulation by photopolymeriza-
tion. For example, the matrix resin monomer may undergo
a photopolymerization reaction by the photopolymerization
initiator to form the matrix resin included in the thin film
encapsulation. The photopolymerization initiator is the same
as described above.

[0217] FIG. 2 is a schematic cross-sectional view of an
organic light-emitting display apparatus as one of electronic
apparatuses according to an embodiment.

[0218] Referring to FIG. 2, a backplane is formed. The
backplane may be understood as including at least a sub-
strate 100, a plurality of first electrodes 210R, 210G, and
210B on the substrate 100, and a pixel defining film 180
formed to expose at least a portion including the central
portions of the first electrodes 210R, 210G, and 210B. The
pixel defining film 180 may have a shape protruding from
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the first electrodes 210R, 210G, and 210B in a +z direction
with respect to the substrate 100.

[0219] The first electrodes 210R, 210G, and 210B may be
understood as pixel electrodes. A pixel electrode 210B, a
pixel electrode 210R, and a pixel electrode 210G among the
pixel electrodes may be understood as a first pixel electrode,
a second electrode, and a third electrode, respectively. This
is because intermediate layers formed on the first to third
pixel electrodes may be different. For convenience, the
terms “pixel electrode 210R”, “pixel electrode 210G”, and
“pixel electrode 210B” are used instead of the first pixel
electrode, the second pixel electrode, and the third pixel
electrode. The pixel electrodes are the same as described in
connection with the first electrode.

[0220] The pixel defining film 180 may have an opening
corresponding to each subpixel, that is, an opening exposing
the central portions of the pixel electrodes 210R, 210G, and
210B or the entire pixel electrodes 210R, 210G, and 210B,
thereby defining pixels. In addition, the pixel defining film
180 may increase a distance between the ends of the pixel
electrodes 210R, 210G, and 210B and the second electrode
(not illustrated) on the pixel electrodes 210R, 210G, and
210B, thereby preventing arc or the like from being gener-
ated at the ends of the pixel electrodes 210R, 210G, and
210B (or reducing a likelihood or degree of such arcing).
[0221] The backplane may further include, if necessary,
other various suitable components. For example, as illus-
trated in FIG. 2, a thin film transistor TFT or a capacitor Cap
may be formed on the 100. The backplane may include
components, such as a buffer layer 110 for preventing
impurities from penetrating (or reducing a likelihood or
amount of the impurities penetrating) a semiconductor layer
of the thin film transistor TFT, a gate insulating film 130 for
insulating the semiconductor layer of the thin film transistor
TFT from the gate electrode, an interlayer insulating film
150 for insulating a source electrode/drain electrode of the
thin film transistor TFT and a gate electrode, and a pla-
narization film 170 covering the thin film transistor TFT and
having an approximately flat upper surface.

[0222] After the backplane 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 those
illustrated, some of the intermediate layers 220R, 220G, and
220B may be a common layer approximately corresponding
to the entire surface of the substrate 100, and some of the
intermediate layers 220R, 220G, and 220B may be a pattern
layer patterned corresponding to the pixel electrodes 210R,
210G, and 210B.

[0223] After the intermediate layers 220R, 220G, and
220B, a second electrode 230 is formed on the intermediate
layers 220R, 220G, and 220B.

[0224] After the second electrode 230 is formed, a thin
film encapsulation 300 is formed so as to protect the organic
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 or moisture.

[0225] The thin film encapsulation 300 may extend to
cover not only the upper surface but also the side surfaces of
the organic light-emitting device 200 and contact part of the
substrate 100. Therefore, it is possible to effectively prevent
external oxygen and moisture from penetrating the organic
light-emitting device 200 (or to reduce a likelihood or
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amount of the external oxygen and moisture that penetrates
the organic light-emitting device 200).

[0226] The thin film encapsulation 300 includes the UV
stabilizing mixture.

[0227] [Heterocyclic Compound]

[0228] Another aspect of an embodiment provides a het-
erocyclic compound represented by Formula B1.

[0229] The heterocyclic compound is represented by For-
mula Bl:

A Li-(A2),0-

[0230] L, in Formula B1 is an (m1+m2)-valent C,-C,,
organic group that links A, and A,.

In one embodiment, L., may be a group represented by
Formula B2:

*_(Xl)nl_Lll_(X2)n2_*"

[0231] InFormulaB1, X, and X, may each independently
be a single bond, —O—, —S— —C(—=0)—, —C(=0)
O—, *—CONH—, or —NHC(—O)NH—,

[0232] L, may be selected fron:

[0233] a C,-C,, alkylene group, a C,-C,, alkenylene
group, and a C,-C,, alkynylene group; and

[0234] a C,-C,, alkylene group, a C,-C,, alkenylene
group, and a C,-C, , alkynylene 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,, cyclo alkoxy 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,
a pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a triazinyl group, N(Qs, )(Qs2), and —Si(Q5;)(Qa2)(Qa3),

Formula B1

Formula B2

[0235] nl and n2 may each independently be an integer
from 1 to 3,
[0236] Q,, to Q,; 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,-Cy, alkenyl group, a C,-C, alkynyl group, a C,-Cy,
alkoxy group, a C5-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a C,-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic group, a biphenyl group, and a terphenyl
group, and

[0237] * and * each indicate a binding site to a neighbor-
ing atom.

[0238] —NHC(=O)NH— has the following structure:

0]
*\ )‘\ /*'
N N
H H .

[0239] In the above structure, * and *' each indicate a
binding site to a neighboring atom.
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[0240] In one embodiment, I, may be a group represented
by one selected from Formulae B2-1 to B2-5:

Formula B2-1
0O
#— L —C—O0—*
Formula B2-2
[
*—0—C—L;—C—0—*
Formula B2-3
#—(Q—Ly—0—*
Formula B2-4
L
*—N—C—L;—C—N—*
Formula B2-5
L=
[0241] In Formulae B2-1 to B2-5,
[0242] L, is the same as described herein, and
[0243] * and * each indicate a binding site to a neighbor-
ing atom.
[0244] In one embodiment, L;; may be an ethylene group,

a propylene group, a butylene group, a pentylene group, a
hexylene group, a heptylene group, an octylene group, a
nonylene group, a decanylene group. an undecylene group,
and a dodecylene group; and

[0245] an ethylene group, a propylene group, a butylene
group, a pentylene group, a hexylene group, a heptylene
group, an octylene group, a nonylene group, a decanylene
group, an undecylene group, and a dodecylene group, each
substituted with at least one substituent selected from deu-
terium, —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, and a C,-C,,
alkoxy group.

[0246] In Formula B1, A; may be a UV-absorbing group.
[0247] In one embodiment, A, may include at least one
group selected from a hydroxy benzophenone-containing
group, a benzoquinone-containing group, an anthraquinone-
containing group, a xanthone-containing group, a benzotri-
azine-containing group, a benzotriazinone-containing
group, a benzotriazole-containing group, a benzoate-con-
taining group, a cyanoacrylate-containing group, a triazine-
containing group, an oxanilide-containing group, a salicy-
late-containing group, and a pyrene-containing group.
[0248] The benzophenone-continuing group may include,
for example, 2-hydroxybenzophenone, 2,4-dihydroxyben-
zophenone, 2-hydroxy-4-methoxybenzophenone, 2-hy-
droxy-4-octylbenzophenone, 4-dodecyloxy-2-hydroxyben-
zophenone, 4-benzyloxy-2-hydroxybenzophenone, 2,2'.4.4'-
tetrahydroxybenzophenone, 2,2'-dihydroxy-4,4'-
dimethoxybenzophenone, or the like.

[0249] The benzoquinone-containing group may include,
for example, 2-hydroxybenzoquinone.

[0250] The anthraquinone-containing group may include,
for example, 1-hydroxyanthraquinone, 1,5-hydroxyanthra-
quinone, 1,8-hydroxyanthraquinone, or the like.

[0251] The benzotriazole-containing group may include,
for example, 2-(2-hydroxyphenyl)benzotriazole, 2-(5-
methyl-2-hydroxyphenyl)benzotriazole, 2-[2-hydroxy-3,5-
bis(c,a-dimethylbenzyl)phenyl]-2H-benzotriazole, 2-(3,5-
di-t-butyl-2-hydroxyphenyl)benzotriazole, 2-(3-t-butyl-5-
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methyl-2-hydroxyphenyl)-5-chlorobenzotriazole, 2-(3,5-di-
t-butyl-2-hydroxyphenyl)-5-chlorobenzotriazole, 2-(3,5-di-
t-acyl-2-hydroxyphenyl)benzotriazole, 2-(2'-hydroxy-5'-t-
octylphenyl)benzotriazole, or the like.

[0252] The benzoate-containing group may include, for
example, phenyl 2-hydroxybenzoate, 2,4-di-t-butylphenyl-
3',5"-di-t-butyl-4-hydroxybenzoate, or the like.

[0253] The triazine-containing group may include, for
example, 2-(4,6-diphenyl-1,3,5-triazine-2-yl)phenol, 2-(4,6-
diphenyl-1,3,5-triazine-2-y1)-5-(hexyl)oxy-phenol, 2-[4-[(2-
hydroxy-3-dodecyloxypropyl Joxy|-2-hydroxyphenyl]-4,6-
bis(2,4-dimethylphenyl)-1,3,5-triazine.

[0254] The salicylate-containing group may include, for
example, phenyl salicylate, 4-t-butylphenyl salicylate, or the
like.

[0255] In an embodiment, A, may be a group represented
by one selected from Formulae B3-1 to B3-3:

Formula B3-1
(@]
#*
fev, Loy
(RIO)bIO_‘T/\_J'
R R
Formula B3-2
(0]
A *
(Rzo)bzo_lkﬁ
(6]
Formula B3-3

Rao)s30

.}I.\\N —|:x
A\
Y .

2

[0256] In Formulae B3-1 to B3-3,

[0257] CY, and CY, may each independently be selected
from a benzene group, a naphthalene group, an anthracene
group, a pyrene group, and a phenanthrene group,

[0258] 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 unsub-
stituted C,-Cg, alkyl group, a substituted or unsubstituted
C,-Cg, alkenyl group, a substituted or unsubstituted C,-Cy,
alkynyl group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C5-Cg, cyclo alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cqo aryl group, a substituted or unsubstituted C,-Co,
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-
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stituted monovalent non-aromatic condensed heteropolycy-
clic group, Si(Q;)(Q.)(Qa), —N(Q,)(Q,). —B(Q,)(Q.),
—C(=0)Q)). —S(=0),(Q)), and —P(=0)(Q)(Qy).
[0259] R, and R, may optionally be linked to form a
—(Y,),— linking group, wherein Y, may be —O—,
—S—, or —C(=0), and k1 may be an integer from 1 to 3,
[0260] oneofY, and Y, may be N, and the other may be
a single bond, a double bond, or —C(=0),

[0261] R,,, R, 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,-Cy, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C,-C, cyclo
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,o cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cg, aryl group, a substituted or unsubstituted
C¢-Cy, aryloxy group, a substituted or unsubstituted C4-Co,
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)(Q)Qy)  —N(Q)Q.),
—BQIQ,), —C=O0NQ),  —8(=0),Q), and
7P(:O)(Q1)(Q2)s

[0262] b10 may be an integer from 1 to 7,

[0263] b20 may be an integer from 1 to 3,

[0264] b30 and b40 may each independently be an integer
from 1 to 4,

[0265] at least one R,,, at least one R,,, and at least one

R,, may each independently be a hydroxyl group,

[0266] at least one substituent of the substituted C,-Cg,
alkyl group, the substituted C,-Cy, alkenyl group, the sub-
stituted C,-Cy, alkynyl group, the substituted C, -Cg, alkoxy
group, the substituted C;-C, cyclo alkoxy group, the sub-
stituted C,-C,,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C5-C,, cycloalkenyl
group, the substituted C,-C,, heterocycloalkenyl group, the
substituted C4-Cgy, aryl group, the substituted C4-Cg,, ary-
loxy group, the substituted C4-C, arylthio group, the sub-
stituted C,-C, heteroaryl group, the substituted monovalent
non-aromatic condensed polycyclic group, and the substi-
tuted monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

[0267] 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,-Cq, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-C, alkoxy
group, and a C;-C, cyclo alkoxy group;

[0268] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, a C,-Cy,, alkoxy group, and a C;-Cq,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an 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-Cq,
aryl group, a C4-Cg, aryloxy group, a C4-Cy, arylthio group,
a C,-Cq, heteroaryl group, a monovalent non-aromatic con-
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densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q;,)(Q,,)(Q,3),
—N(Q,1)(Q12), —B(Q:)(Q1,), —C(=0)(Qy,), —S(=0)
2(Qyy), and —P(=0)(Q,,)(Q,,);

[0269] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a Cy4-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group;
[0270] 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 C,-Co,
aryloxy group, a C,-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-C,, alkyl group, a C,-C,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a C;-C, cyclo alkoxy group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-Cy, aryloxy group, a C4-Co, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —Si(Q,,)(Q.2)(Qs5),
7N(Q21)(Q22)! *B(Qm)(sz)s 4C(:O)(Q21)s —S(=0)
2(Qzy) and —P(=0)(Q1)(Qy,); and

[0271] —Si(Q3)(Q32)(Q53), —N(Q3;)(Qs2): —B(Qs))
Egsz% —C(=0)(Qs;), —S(=0),(Q;,) and —P(=0)(Q;,)
[023;£] Q, 10 Qs, Qyy 10 Qy5, Qy, 10 Q,5, and Q5 10 Q4

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,-C, alkenyl
group, a C,-C, alkynyl group, a C,;-Cg, alkoxy group, a
C;-Cgp cyclo alkoxy group, a C,-C,,, cycloalkyl group, a
C,-Cyo heterocycloalkyl group, a C,;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C;-Cg, aryl
group, a C4-C, aryl group substituted with a C,-Cy, alkyl
group, a C,-Cg, aryl group substituted with a C,-Cg, aryl
group, a terphenyl group, a C,-Cg, heteroaryl group, a
C,-Cq, heteroaryl group substituted with a C,-C, alkyl
group, a C,-Cy, heteroaryl group substituted with a C4-Cy,
aryl group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed heteropo-
lycyclic group, a biphenyl group, and a terphenyl group, and

[0273] * indicates a binding site to a neighboring atom.
[0274] In one embodiment, in Formulae B3-1 to B3-3,
[0275] R, and R, may each independently be selected
from:

[0276] hydrogen, deuterium, —F, —CI, —Br, —1, a

hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C,, alkyl
group, and a C,-C,, alkoxy group; and

[0277] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C;-C,, alkyl group, a C;-C,, cycloalkyl
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group, a C,-C,, alkoxy group, a C,-C,,, cyclo alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, a
naphthy! group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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, and

[0278] R, and R, may be linked to form a —(Y,),,—
linking group, wherein —(Y,),,— may be —O—, —S—or
—C(=0)—.

[0279] Forexample, 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, ahydrazono group, aC,-C,, alkyl
group, and a C,-C, alkoxy group, and

[0280] R, and R, may be linked to form a —(Y,),,—
linking group, wherein —(Y,);;— may be —O—, —S—or
—C(=0)—.

[0281] In one embodiment, in Formulae B3-1 to B3-3,
R,0s Rags Ry, and R, may each independently be selected
from:

[0282] hydrogen, deuterium, —F. —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, ahydrazono group, aC,-C,, alkyl
group, and a C,-C,, alkoxy group; and

[0283] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C5-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C,-C,, cyclo alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, a
naphthy! group, a fluorenyl group, a spiro-bifluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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.

[0284] For example, R,,, R,,, Ry, and R,, may each
independently be selected from:

[0285] hydrogen, deuterium, —F. —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, ahydrazono group, aC,-C,, alkyl
group, and a C,-C,,, alkoxy group; and

[0286] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C,-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C,5-C,,, cyclo alkoxy 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,
a pyrenyl group, a chrysenyl group, a carbazolyl group, a
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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.

[0287] Inoneembodiment, A, may be a group represented
by one selected from Formulae B4-1 to B4-30:

B4-1
Rjs 0 H
Ry7 Rp
Ri6 R, ¥ Ry3
3
Rys Rig
B4-2
Rig 0 Ri
Ry7 *
Rig Ris
Ry R
RIS R14
B4-3
Ryg O Ry
Ry7 Rp
Rig R, K *
3
RIS R14
B4-4
Rig O Ry
Rl7 Rp
Ris R K Ry3
3
Rys M
B4-5
Rg O H
Rig 0 Ry
Rys Rys
B4-6
Ryg 0 Ry
Ry7 l l *
Rig 0 Ris
Ris Ris
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-continued
Rig O Ry
Ry7 Rpp
R 0 .
Ris Ry
Ryg O Ry

Ry

= 3
=

@]

= ~

= S

Ry
15 M
Rig 0 H
Ry l ‘ Rp;
Ris Rpi3
Ris 0 Ry
Rig O Ry
’ ‘ O |
Ris Ry3
Ris 0 Ry
Rg © H
Rp
/
Rigats——
N
Ri3
Ry Rz
RIS R14
Rjs 0 Ry,
*
/
Riglats——
Rz
Ry Rg
Ris Ry
Rig 0 Ry
R
/
Rigdate——
X
*
Ry Ry

RIS R14

B4-7

B4-8

B4-9

B4-10

B4-11

B4-12

B4-13
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-continued -continued
B4-14
Rig 0 Ry
B4-20
Rp Ryg 0 Ry
Z Rip17 .
Rigdate—— \
\ Ri3
Ry Ry /
Ris Rz
i (Ris)nis
Ris Ry
B4-15
B4-21
Rig O Ry
Ri7p17
Rz
*
Rig)ois
Rys Ry
Rigats
B4-22
B4-16 Rg O Ry
Rig O Ry Ri7)p17
. \ Ri
Ry7
‘ / Ry3
R K Ry3 (Riais
| 3 Ris *
/ F Rig
Ri6)ats
B4-23
B4-17
Ryg 0 Ry
Ry5 l Rpp
sk
| Ry B
J~ o ®ers R 19015
Rig)ats
B4-24
B4-18
Ryg 0 Ry Rizlerr
Ris
| Ry R
// * Rip)e16 Ris)a1s
Ri6)ats B4-25
B4-19 ®,) Rg O Ry
17)e17
Rig O 1 j Rp

Rip17

Rys Ry Rigle1s Ri5)ars
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-continued
B4-26
Rig 0 Ry
Ry7der7
X
Rigle1s Ri5)as
B4-27
(@]
Rys *
Ray Ray
(6]
B4-28
Ry * Rpy
Rep N
AN
N Ras
=~ 7
Ru3 N
Ry R3s Ry
B4-29
Ry Rs; *
Ry N
=\
N Ras
=~ 7
Rys N
R R3s Ry
B4-30
Rat R3) R3
Rap N
=\
N X,
4
Ry3 N
R R3s Ry
[0288] In Formulae B4-1 to B4-30,
[0289] R,, R, and R, to R,, are the same as described in

connection with R,

[0290] al6 may be 1, 2, 3, or 4,

[0291] b16 may be 1 or 2,

[0292] b17 may be 1, 2, 3, or 4,

[0293] c15 may be 1 or 2,

[0294] c¢16 may be 1, 2, or 3,

[0295] c17 may be 1 or 2,

[0296] R, to R,; are the same as described in connection
with R,,

[0297] R, to Ry are the same as described in connection
with R;,

[0298] R, to R, are the same as described in connection
with Ry,

[0299] atleastone of R, to R}, at least one of R,; to R,;,

and at least one of R;, to R;5 may be a hydroxyl group, and
[0300] * indicates a binding site to a neighboring atom.

[0301] In one embodiment, at least one R;,, R, and R,
in Formulae B4-1 to B4-26 may be a hydroxyl group. For

18
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example, R,, may be a hydroxyl group, but embodiments of
the present disclosure are not limited thereto.

[0302] In one or more embodiments, R,, in Formula
B4-27 may be a hydroxyl group.

[0303] 1In one or more embodiments, at least one of R,
and R, in Formulae B4-28 to B4-30 may be a hydroxyl
group. For example, R;, may be a hydroxyl group, but
embodiments of the present disclosure are not limited
thereto.

[0304] Inoneembodiment, A| may be a group represented
by one selected from Formulae B5-1 or B5-2:

B5-1
0] OH
Rig *
Ris Ris
B5-2
HO
N
=\
N *®
~./
N
[0305] In Formulae B5-1 and BS-2,

[0306] R,., R,s. and R, are each independently the same
as described in connection with R, and

[0307] * indicates a binding site to a neighboring atom.

[0308] In Formula B1, A, may be a radical-scavenging
group.

[0309] In one embodiment, A, may include at least one

compound selected from a phenol-containing compound, a
hindered amine-containing compound, and a phenylenedi-
amine-containing compound.

[0310] The phenol-containing compound may be BHA,
BHT, TBHQ, PG, catecol(1,2-benzenediol), 1,2-naphtha-
lenediol, or the like.

[0311] The hindered amine-containing compound may be
bis-(2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis-(N-
methyl-2,2,6,6-tetramethyl-4-piperidyl )sebacate, bis-(1,2,2,
6,6-pentamethyl-4-piperidyl)sebacate,  1,2,2,6,6-pentam-
ethyl-4-piperidyl-tridecyl-1,2,3 4-butanetetracarboxylate,
tetrakis-(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3,4-butanetet-
racarboxylate, tetrakis-(N-methyl-2,2,6,6-tetramethyl-4-pi-
peridyl)-1,2,3 4-butanetetracarboxylate, or the like.

[0312] The phenylenediamine-containing compound may
be o-phenylenediamine, m-phenylenediamine, p-phenylene-
diamine, or the like; or o-phenylenediamine, m-phenylene-
diamine, or p-phenylenediamine, 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, aC,-C,, alkyl
group, a C,4-C,,, cycloalkyl group, and a C,-C,, alkoxy
group.
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[0313] Inoneembodiment, A, may be a group represented
by one selected from Formulae B6-1 to B6-3:

Formula B6-1
TH
I' ’ ~~\‘
w—i— Ar — Rsoleso
Formula B6-2
Rgy
|
0
* \/_ (Reo)p60
Formula B6-3

Ry Ry
\/
N

H\ s
—  —N
l/\/ R

R70)570

[0314] In Formulae B6-1 to B6-3,
[0315] Ar, may be a benzene ring or a naphthalene ring,
[0316] R.,, Ry, Re;, and R, to R, may each indepen-

dently be selected from hydrogen, deuterium, —F, —ClI,
—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 substi-
tuted or unsubstituted C,-Cq, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg,, alkoxy group, a substituted or unsubstituted
C;-Ce, cyclo alkoxy group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cy, 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 het-

eropolycyclic  group,  Si(Q,)(Q,)(Qs),  —N@Q,)(Q,),
—BQIQ,), —CE=0NQ).  —SE=0),Q).  and
—P(=0)QQ);

[0317] b50 may be an integer from 1 to 6,
[0318] b60 may be an integer from 1 to 4,
[0319] b70 may be an integer from 1 to 3,
[0320] at least one substituent of the substituted C,-Cg,

alkyl group, the substituted C,-Cy, alkenyl group, the sub-
stituted C,-C,, alkynyl group, the substituted C, -C,,, alkoxy
group, the substituted C;-C, cyclo alkoxy group, the sub-
stituted C,-C,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C,-C,, cycloalkenyl
group, the substituted C,-C,, heterocycloalkenyl group, the
substituted C¢-Cg, aryl group, the substituted Cg-Cg, ary-
loxy group, the substituted C4-Cy, arylthio group, the sub-
stituted C,-C,, heteroaryl group, the substituted monovalent
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non-aromatic condensed polycyclic group, and the substi-
tuted monovalent non-aromatic condensed heteropolycyclic
group may be selected from:

[0321] 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,-C, alkoxy
group, and a C;-C, cyclo alkoxy group;

[0322] a C,-C, alkyl group, a C,-Cy, alkenyl group, a
C,-C, alkynyl group, a C,-C, alkoxy group, and a C;-Cy,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an 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-Cy arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q;)(Q;,)(Qy3),
*N(Qn)(Qu)s *B(Qn)(Qn)s 4C(:O)(Q11)s —S(=0)
2(Quy), and —P(=0)(Q,,)(Qy2);

[0323] 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, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group;
[0324] 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 Cy4-Cep
aryloxy group, a C4-Cy, arylthio group, a C;-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-Cg, alkyl group, a C,-Cy,
alkenyl group, a C,-C4, alkynyl group, a C,-C,, alkoxy
group, a C;-Cq, cyclo alkoxy 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 C,-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,,)(Q1:)(Qs3),
—N(Q,)(Qz), —B(Q,,)(Q,,), —C(=0)(Q,;); —S(=0)
2(Q21) and —P(=0)(Q2,)(Qyo); and

[0325] —Si(Q3)(Q32)(Qs3); —N(Q3,)(Qs2). —B(Qsy)
Egszgs 4C(:O)(Q31)s *S(:O)z(Q3 1)a and 7P(:O)(Q3l)
[03356’] Q, 10 Qs, Qy; 10 Qy5, Qyy 10 Q,5, and Qs 10 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,-C, alkenyl
group, a C,-Cq, alkynyl group, a C,-C, alkoxy group, a
C;-Cg cyclo alkoxy group, a C,-C,,, cycloalkyl group, a
C,-Cy, heterocycloalkyl group, a C,-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C,;-Cg, aryl
group, a Cy-Cy, aryl group substituted with a C,-Cy,, alkyl
group, a C,-Cg, aryl group substituted with a C4-Cy, aryl
group, a terphenyl group, a C,-C¢, heteroaryl group, a
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C,-Ce, heteroaryl group substituted with a C,-Cg, alkyl
group, a C,-Cg, heteroaryl group substituted with a C4-Cg,
aryl group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed heteropo-
lycyclic group, a biphenyl group, and a terphenyl group, and
[0327] * indicates a binding site to a neighboring atom.
[0328] In one embodiment, Ry, Re,, Ryy, and R, to R,
may each independently be selected from:

[0329] 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 C,-C,, alkyl
group, and a C,-C, alkoxy group; and

[0330] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C;-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C;-C,, cyclo alkoxy 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,
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.

[0331] In one embodiment, Ry, Ryo, Rep, and R, to R,
may each independently be selected from:

[0332] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C,-C,, alkyl
group, and a C,-C,, alkoxy group; and

[0333] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deuterium,
—F, —Cl1, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-C,, alkyl group, a C,-C,, cycloalkyl
group, a C,-C,, alkoxy group, a C;-C,,, cyclo alkoxy 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,
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.

[0334] Inoneembodiment, A, may be a group represented
by one selected from Formulae B7-1 to B7-3:
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-continued
B7-2
R¢i
Res Ill Re3
R¢s A( R
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Re2
B7-3
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Ry x Ry;.

[0335] In Formulae B7-1 to B7-3,

[0336] Rs,, Rs,. and R; are each independently the same
as described in connection with R,

[0337] Ry, to R, are each independently the same as
described in connection with R,

[0338] R,, to R, are each independently the same as
described in connection with R;, to R,,,

[0339] R, and R, are each independently the same as
described in connection with R, and

[0340] * indicates a binding site to a neighboring atom.
[0341] Inoneembodiment, A, may be a group represented
by one selected from Formulae B8-1 to B8-12:

B8-1
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*/<j><
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/
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OH
*\¢><
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B8-S
B8-12

LN NH.

B8-6
[0342] In Formulae B8-1 to B8-12,

[0343] R, R,s. and R, are each independently the same
as described in connection with Ry, R, and R, 4 above, and

[0344] * indicates a binding site to a neighboring atom.

[0345] In Formula B1, ml may be an integer from 1 to 3,
and m2 may be an integer from 1 to 3.

[0346] In one embodiment, in Formula B1, m1 may be 1,

B8-7
and m2 may be 1.
[0347] In one embodiment, the heterocyclic compound
may be selected from Compounds 1 to 14:
1
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[0348] In Compounds 1 to 14,

[0349] Ry, to Ry; 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,
and a C,-C,, alkoxy group.

[0350] In one embodiment, the thin film encapsulation
composition may include the heterocyclic compound.
[0351] The thin film encapsulation composition may
include the heterocyclic compound and may further include
a solvent.
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[0352] The solvent may include, for example, di(meth)
acrylate, di(meth)acryl-terminated silicon, and diepoxy-tet-
minated silicon, each including at least one selected from a
C,o-Cyo alkyl group, a C,,-C,, alkoxy group, a C,,-C,,
alkenyl group, and a C, ,-C,, alkynyl group. In addition, the
solvent may further include mono(meth)acrylate and
monoepoxy as a diluent.

[0353] In one or more embodiment, the solvent may have
a visible transmittance of about 70% or more.

[0354] The solvent may have a viscosity of about 5 cP to
about 10,000 cP.

[0355] The thin film encapsulation composition may fur-
ther include a photoinitiator or a thermal initiator. As the
photoinitiator or the thermal initiator, those available in the
art may be used without any special limitation.

[0356] In one embodiment, the thin film encapsulation
composition may include at least two types (or kinds) of the
heterocyclic compound.

[0357] For example, the thin film encapsulation may
include a first heterocyclic compound represented by For-
mula B1 and a second heterocyclic compound represented
by Formula B1, and a wavelength range of light absorbed by
the first heterocyclic compound may be different from a
wavelength range of light absorbed by the second hetero-
cyclic compound.

[0358] In one embodiment, when the thin film encapsula-
tion composition includes at least two types (or kinds) of the
heterocyclic compound, the thin film encapsulation formed
by using the thin film encapsulation composition may have
an average transmittance of about 10% or less in a wave-
length range of about 380 nm to about 400 nm, and have an
average transmittance of about 60% or more in a wavelength
range of about 400 nm to about 430 nm.

[0359] In one embodiment, the thin film encapsulation
composition may further include a matrix resin monomer, a
photopolymerization initiator, and a solvent.

[0360] For example, the thin film encapsulation composi-
tion may further include a matrix resin monomer. The matrix
resin monomer may be a monomer for forming at least one
of an acryl-based resin, a methacryl-based resin, an iso-
prene-based resin, a vinyl-based resin, an epoxy-based resin,
a urethane-based resin, a cellulose resin, a perylene-based
resin, an imide-based resin, and a silicone-based resin.
[0361] Inoneembodiment, the matrix resin monomer may
be a (meth)acryl-based monomer.

[0362] In one or more embodiments, the thin film encap-
sulation composition may further include a photopolymer-
ization initiator. As the photopolymerization initiator, suit-
able ones available in the art may be used without any
special limitation. For example, a photopolymerization ini-
tiator that is curable at a wavelength of about 360 nm to
about 420 nm may be used.

[0363] In one embodiment, the thin film encapsulation
composition may further include at least two types (or kinds)
of the photopolymerization initiator. For example, one of the
at least two types (or kinds) of the photopolymerization
initiator may be curable in a UV region (at a wavelength of,
for example, about 360 nm to about 420 nm), and the other
may be curable in a visible ray region (at a wavelength of,
for example, about 400 nm to about 770 nm). In one or more
embodiments, the at least two types (or kinds) of the
photopolymerization initiator may be all curable in a UV
region or a visible ray region.
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[0364] In one embodiment, the thin film encapsulation
composition may further include a matrix resin monomer
and a photopolymerization initiator.

[0365] The matrix resin monomer may form a matrix resin
included in the thin film encapsulation by photopolymeriza-
tion. For example, the matrix resin monomer may undergo
a photopolymerization reaction by the photopolymerization
initiator to form the matrix resin included in the thin film
encapsulation. The photopolymerization initiator is the same
as described above.

[0366] In addition, as described above, another aspect of
an embodiment provides an electronic apparatus including:

[0367] a substrate;

[0368] an organic light-emitting device on the substrate;
and

[0369] a thin film encapsulation sealing the organic light-

emitting device,

[0370] wherein the thin film encapsulation includes the
heterocyclic compound.

[0371] The electronic apparatus in which the thin film
encapsulation includes the heterocyclic compound may be,
for example, an organic light-emitting display apparatus, but
embodiments of the present disclosure are not limited to the
organic light-emitting display apparatus. The description of
the electronic apparatus and the organic light-emitting dis-
play apparatus may be understood by referring to the
description provided with reference to FIGS. 1-2. In this
case, for example, the heterocyclic compound may be used
instead of the UV stabilizing mixture.

[0372] Inone embodiment, the thin film encapsulation 300
may include at least two types (or kinds) of the heterocyclic
compound.

[0373] For example, the thin film encapsulation may
include a first heterocyclic compound represented by For-
mula B1 and a second heterocyclic compound represented
by Formula B1, and a wavelength range of light absorbed by
the first heterocyclic compound may be different from a
wavelength range of light absorbed by the second hetero-
cyclic compound.

[0374] In one embodiment, when the thin film encapsula-
tion includes at least two types (or kinds) of the heterocyclic
compound, an average transmittance in a wavelength range
of about 380 nm to about 400 nm may be about 10% or less,
and an average transmittance in a wavelength range of about
400 nm to about 430 nm may be about 60% or more.
[0375] The heterocyclic compound may absorb ultraviolet
rays and prevent the ultraviolet rays from penetrating the
organic light-emitting device 200 (or reduce a likelihood or
amount of the ultraviolet rays that penetrate the organic
light-emitting device 200). Therefore, the organic light-
emitting display apparatus 10 in which the thin film encap-
sulation 300 includes the heterocyclic compound may pre-
vent an emission layer, an insulating film or the like,
including an organic material, from being damaged by the
ultraviolet rays (or may reduce a likelihood or degree of such
damage).

[0376] Inone embodiment, the thin film encapsulation 300
may include at least one organic film, the at least one organic
film may include a first organic film, and the first organic
film may include the heterocyclic compound.

[0377] Inone embodiment, the thin film encapsulation (for
example, the first organic film) including the heterocyclic
compound may have a transmittance of about 10% or less
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(for example, 8%) with respect to light having a wavelength
of about 400 nm to about 410 nm (for example, 405 nm).
[0378] In one or more embodiments, the thin film encap-
sulation (for example, the first organic film) including the
heterocyclic compound may have a transmittance of about
80% or more (for example 90%) with respect to light having
a wavelength of about 430 nm or more, and may have a
transmittance of about 10% or less with respect to light
having a wavelength of about 405 nm or less.

[0379] In one embodiment, when the first organic film is
exposed to light having a maximum emission wavelength of
about 405 nm in an exposure amount of about 52,000
Wh/m?, a change in transmittance with respect to a wave-
length range of about 400 nm to about 410 nm may be less
than about 5%.

[0380] Inone or more embodiments, when the first organic
film is exposed to light having a maximum emission wave-
length of about 405 nm in an exposure amount of about
52,000 Wh/m?, a change in transmittance with respect to a
wavelength range of about 400 nm to 405 nm may be less
than about 3%.

[0381] Inone or more embodiments, when the first organic
film is exposed to light having a maximum emission wave-
length in an exposure amount of about 52,000 Wh/m?, a
change in transmittance with respect to a wavelength range
of about 400 nm to 405 nm may be less than about 1%.
[0382] Inone or more embodiments, when the first organic
film is exposed to light having a wavelength range of about
380 nm to about 410 nm and a maximum emission wave-
length of about 405 nm in an exposure amount of about
52,000 Wh/m?, a change in transmittance with respect to a
wavelength range of about 400 nm to about 410 nm may be
less than about 5%.

[0383] Inone or more embodiments, when the first organic
film is exposed to light having a wavelength range of about
380 nm to about 410 nm and a maximum emission wave-
length of about 405 nm in an exposure amount of about
52,000 Wh/m?, a change in transmittance with respect to a
wavelength range of about 400 nm to about 405 nm may be
less than about 3%.

[0384] Inone or more embodiments, when the first organic
film is exposed to light having a wavelength range of about
380 nm to about 410 nm and a maximum wavelength range
of about 405 nm in an exposure amount of about 52,000
Wh/m®, a change in transmittance with respect to a wave-
length range of about 400 nm to about 405 nm may be less
than about 1%.

[0385] The change in transmittance with respect to the
above wavelength range may be measured by, for example,
exposing the first organic film by using an LED lamp
emitting light having a wavelength range of about 380 nm to
about 410 nm and a maximum emission wavelength of about
405 nm.

[0386] In one embodiment, a thickness of the first organic
film may be in a range of about 10 nm to about 20 pm, for
example, about 10 nm to about 10 um.

[0387] Inone embodiment, the amount of the heterocyclic
compound may be in a range of about 3 parts by weight to
about 10 parts by weight based on 100 parts by weight of the
first organic film. By controlling the amount of the hetero-
cyclic compound in the first organic film, a maximum
absorption wavelength of the first organic film may be finely
adjusted, and a UV absorption spectrum may be controlled.
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[0388] For example, the at least one organic film may
consist of the heterocyclic compound.

[0389] In one or more embodiments, the at least one
organic film may further include, in addition to the hetero-
cyclic compound, a matrix resin, and the heterocyclic com-
pound may be dispersed in the matrix resin. At this time, the
heterocyclic compound may be simply dispersed in the
matrix resin, or the heterocyclic compound may be cross-
linked to the matrix resin.

[0390] In one embodiment, the first organic film may
further include a matrix resin, and

[0391] the matrix resin may include at least one of acryl-
based resin, a methacryl-based resin, an isoprene-based
resin, a vinyl-based resin, an epoxy-based resin, a urethane-
based resin, a cellulose resin, a perylene-based resin, an
imide-based resin, and a silicone-based resin.

[0392] In one or more embodiments, the at least one
organic film may further include, in addition to the hetero-
cyclic compound, a photopolymerization initiator. The pho-
topolymerization initiator is the same as described above.
[0393] In one or more embodiments, the at least one
organic film may further include, in addition to the hetero-
cyclic compound, the matrix resin and the photopolymer-
ization initiator.

[0394] Another aspect of an embodiment provides a
method of manufacturing an electronic apparatus, the
method including:

[0395] forming an organic light-emitting device on a sub-
strate; and
[0396] forming a thin film encapsulation sealing the

organic light-emitting device on the substrate,

[0397] wherein the forming of the thin film encapsulation
includes providing a thin film encapsulation composition
sealing the organic light-emitting device and curing the thin
film encapsulation composition, and

[0398] the thin film encapsulation composition includes
the heterocyclic compound.

[0399] The thin film encapsulation, the heterocyclic com-
pound, and the thin film encapsulation composition are the
same as described above. When the electronic apparatus is
manufactured according to the above-described method,
external UV rays are blocked from reaching the organic
light-emitting device, thereby preventing a damage from
occurring when the organic light-emitting device is continu-
ously exposed to the UV rays (or reducing a likelihood or
degree of such damage), and improving the durability of the
organic light-emitting device and the electronic apparatus
including the same.

[0400] The term “C,-Cq, alkyl group,” as used herein,
refers to a linear or branched aliphatic saturated hydrocarbon
monovalent group having 1 to 60 carbon atoms, and
examples thereof include a methyl group, an ethyl group, a
propyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, a pentyl group, an isoamyl group, and a hexyl
group. The term “C,-Cg, alkylene group,” as used herein,
refers to a divalent group having substantially the same
structure as the C,-Cg, alkyl group.

[0401] The term “C,-Cg, alkenyl group,” as used herein,
refers to a hydrocarbon group having at least one carbon-
carbon double bond at a main chain (e.g., in the middle) or
at a terminus of the C,-Cg, alkyl group, and examples
thereof include an ethenyl group, a propenyl group, and a
butenyl group. The term “C,-C, alkenylene group,” as used
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herein, refers to a divalent group having substantially the
same structure as the C,-Cg, alkenyl group.

[0402] The term “C,-Cg, alkynyl group,” as used herein,
refers to a hydrocarbon group having at least one carbon-
carbon triple bond at a main chain (e.g., in the middle) or at
a terminus of the C,-Cg, alkyl group, and examples thereof
include an ethynyl group, and a propynyl group. The term
“C,-Cqo alkynylene group,” as used herein, refers to a
divalent group having substantially the same structure as the
C,-Cygp alkynyl group.

[0403] 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.

[0404] The term “C;-C,, cycloalkyl group,” as used
herein refers to a monovalent saturated hydrocarbon mono-
cyclic group having 3 to 10 carbon atoms, and examples
thereof include a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, and a cycloheptyl
group. The term “C;-C,, cycloalkylene group,” as used
herein, refers to a divalent group having substantially the
same structure as the C;5-C,, cycloalkyl group.

[0405] 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 substantially the same
structure as the C,-C,, heterocycloalkyl group.

[0406] 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 (e.g., the ring
and/or entire group is not aromatic), and examples thereof
include a cyclopentenyl group, a cyclohexenyl group, and a
cycloheptenyl group. The term “C,;-C,, cycloalkenylene
group,” as used herein, refers to a divalent group having
substantially the same structure as the C,-C,, cycloalkenyl
group.

[0407] 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 substantially the same
structure as the C,-C,, heterocycloalkenyl group.

[0408] The term “Cg-Cg, aryl group,” as used herein,
refers to a monovalent group having a carbocyclic aromatic
system having 6 to 60 carbon atoms, and a C4-Cy, arylene
group used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms.
Non-limiting examples of the C,-Cg, aryl group include a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthrenyl group, a pyrenyl group, and a chrysenyl
group. When the C,-Cy, aryl group and the C¢-Cy arylene
group each include two or more rings, the rings may be fused
to each other (e.g., combined together).
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[0409] The term “C,-C4, 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 60 carbon atoms. The term “C,-Cg, 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. Non-limiting examples of
the C,-Cq, heteroaryl group include a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, and an isoquinolinyl
group. When the C,-C, heteroaryl group and the C,-Cy,
heteroarylene group each include two or more rings, the
rings may be condensed with each other (e.g., combined
together).

[0410] The term “Cg-Cg, aryloxy group,” as used herein,
refers to —OA,, (wherein A, 1s the C-Cy, aryl group),
and a C4-Cy, arylthio group used herein indicates —SA |5
(wherein A | o5 1s the C4-Cg, aryl group).

[0411] 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 (e.g., com-
bined together), only carbon atoms as ring-forming atoms,
and no aromaticity in its entire molecular structure (e.g., the
entire group is not aromatic). An example of the monovalent
non-aromatic condensed polycyclic group is a fluorenyl
group. The term “divalent non-aromatic condensed polycy-
clic group,” as used herein, refers to a divalent group having
substantially the same structure as the monovalent non-
aromatic condensed polycyclic group.

[0412] The term “monovalent non-aromatic condensed
heteropolycyclic group,” as used herein, refers to a mon-
ovalent group (for example, having 1 to 60 carbon atoms)
having two or more rings condensed to each other (e.g.,
combined together), 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
(e.g., the entire molecule is not aromatic). An example of the
monovalent non-aromatic condensed heteropolycyclic
group is a carbazolyl group. The term “divalent non-aro-
matic condensed heteropolycyclic group.” as used herein,
refers to a divalent group having substantially the same
structure as the monovalent non-aromatic condensed het-
eropolycyclic group.

[0413] The term “Cs-Cgq, carbocyclic group,” as used
herein, refers to a monocyclic or polycyclic group having 5
to 60 carbon atoms in which a ring-forming atom is a carbon
atom only. The C5-Cg, carbocyclic group may be an aro-
matic carbocyclic group or a non-aromatic carbocyclic
group. The C5-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 C5-Cgy, carbocyclic group, the C5-Cg
carbocyclic group may be a trivalent group or a quadrivalent
group (e.g., a tetravalent group).

[0414] The term “C,-Cg, heterocyclic group,” as used
herein, refers to a group having substantially the same
structure as the C,-Cg, carbocyclic group, except that as a
ring-forming atom, at least one heteroatom selected from N,
O, Si, P, and S is used in addition to carbon (the number of
carbon atoms may be in a range of 1 to 60).
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[0415] At least one substituent of the substituted C5-Cq,
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 C,-Cg, arylene
group, the substituted C,-C,, heteroarylene group, substi-
tuted divalent non-aromatic condensed polycyclic group,
substituted divalent non-aromatic condensed heteropolycy-
clic group, the substituted C,-Cq, alkyl group, the substi-
tuted C,-C,, alkenyl group, the substituted C,-C, alkynyl
group, the substituted C,-C, alkoxy group, the substituted
C,;-Cy4, cyclo alkoxy group, the substituted C,-C,,
cycloalkyl group, the substituted C,-C,, heterocycloalkyl
group, the substituted C;-C,, cycloalkenyl group, the sub-
stituted C,-C,, heterocycloalkenyl group, the substituted
Cs-Coo aryl group, the substituted C4-Cq, aryloxy group, the
substituted C4-Cy,, arylthio group, the substituted C,-Cg,
heteroaryl group, the substituted monovalent non-aromatic
condensed polycyclic group, and the substituted monovalent
non-aromatic condensed heteropolycyclic group may be
selected from:

[0416] 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,-Cg, alkynyl group, a C,-C, alkoxy
group, and a C,-Cg, cyclo alkoxy group;

[0417] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cgo alkynyl group, a C,-Cy, alkoxy group, and a C;-Cq,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a C;-C,, cycloalkyl
group, a C,-C, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-Cg, aryloxy group, a 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;,)(Q,,)(Q,5),
_N(Qu)(le)s _B(Qn)(le)s _C(:O)(Qu)s —S(=0)
2(Quy), and —P(=0)(Q1)(Qyo);

[0418] 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 Cy-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0419] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-Co,
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,;-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-C,4, alkoxy
group, a C;-C, cyclo alkoxy group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-Cg, aryloxy group, a C4-Co, arylthio group,
a C,-Cq, heteroaryl group, a monovalent non-aromatic con-
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densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic  group, —Si(Q,,)(Q,,)(Q53),
—N(Q,1)(Qz2), —B(Q,:)(Qx), —C(—0)(Qz1), —S(=—0)
2(Qyy), and —P(=0)(Q,;)(Q,,); and

[0420]  —Si(Q3)(Q32)(Qs3), —N(Q5,)(Qs2), —B(Q5))
(Q12), —C(=0)(Q51), —S(=0),(Q3,), and —P(—=0)(Q3,)
(Qs2), and

[0421] Qy, to Q3 Qy to Qu3 and Qs to Q33 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,
cyclo alkoxy group, a C5-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.

[0422] The term “Ph” as used herein represents a phenyl
group, the term “Me” as used herein represents a methyl
group, the term “Bt” 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.

[0423] The term “biphenyl group” used herein refers to a
“phenyl group substituted with a phenyl group. The “biphe-
nyl group” is a “substituted phenyl group” having a “C4-C,
aryl group” as a substituent.

[0424] The term “terphenyl group” used herein refers to a
“phenyl group substituted with a biphenyl group. The “ter-
phenyl group” is a “phenyl group” having, as a substituent,
a “C4-Cq aryl group substituted with a C,;-Cg aryl group.”
[0425] * and *' used herein, unless defined otherwise, each
refer to a binding site to a neighboring atom in a corre-
sponding formula.

[0426] Hereinafter, a compound according to embodi-
ments and an organic light-emitting device according to
embodiments will be described in more detail with reference
to Examples. The expression “B was used instead of A” used
in describing Synthesis Examples means that an identical
number (or substantially identical number) of molar equiva-
lents of A was used in place of molar equivalents of B.

EXAMPLES

Example 1-1

[0427] An electronic apparatus including a thin film
encapsulation sealing an organic light-emitting device on a
substrate was manufactured. The thin film encapsulation
was formed by using a thin film encapsulation composition
including benzophenone as a UV absorbent and 1,2-naph-
thalenediol as a radical scavenger.

Comparative Example 1-1

[0428] A thin film encapsulation sealing an organic light-
emitting device on a substrate was formed by using a thin
film encapsulation composition in substantially the same
manner as Example 1-1, except that benzophenone was used
instead of a UV absorbent and a radical scavenger was not
used.
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Evaluation Example 1

[0429] An initial transmittance of the thin film encapsu-
lation of each of the electronic apparatuses manufactured
according to Example 1-1 and Comparative Example 1-1
and a transmittance after exposure with an exposure amount
of 52,000 Wh/m? for 30 minutes (“transmittance after expo-
sure”) were measured, and results thereof are shown in FIG.
3

[0430] Referring to FIG. 3, in the electronic apparatus
according to Example 1-1, the time necessary for the trans-
mittance of the thin film encapsulation to increase is longer,
as compared with Comparative Example 1-1, and thus, it is
confirmed that photocuring resistance is excellent. For
example, regarding a wavelength of 405 nm, since the
electronic apparatus of Comparative Example 1-1 has an
initial transmittance of about 2% and a transmittance after
exposure of about 8%, a change in transmittance (a value
obtained by subtracting an initial transmittance from a
transmitted amount after exposure) is about 6%, and trans-
mittance is increased four-fold by 30-minute exposure. In
contrast, regarding a wavelength of 405 nm, since the
electronic apparatus of Example 1-1 has an initial transmit-
tance of about 3% and a transmittance after exposure of
about 6%, the change in transmittance is small, as compared
with Comparative Example 1-1.

[0431] Therefore, an organic light-emitting display appa-
ratus including a UV stabilizing mixture in an encapsulation
may prevent an emission layer, an insulating film, or the like,
including an organic material, from being damaged by
ultraviolet rays (or may reduce a likelihood or degree of such
damage).

Synthesis Example 1: Synthesis of Compound 14
[0432]

HO tBu
N
=\
N 0 +
=~ /
N OH
N
HOBt, DIC
_— =
DCM
OH

N
HO tBu
N
=\
\N 0
14

[0433] As solvents and reagents used for synthesis, com-
mercially available reagents were purchased and used, and
those not written were used as purchased. "H-NMR analysis
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was performed at 25° C. by using a 400 MHz NMR
spectrometer, and DMSO-d, was used as a solvent. Chemi-
cal Shift was represented by 0 unit (parts per million (ppm))
with reference to 8, 2.50 of CHD,(CD;)SO.

[0434] 3-(3-(2H-Benzo[d][1,2,3]triazol-2-y1)-5-(tert-bu-
tyl)-4-hydroxyphenyl)propanoic acid (2 mmol), 4-hydroxy-
1,2,2,6,6-pentamethylpiperidine (2.4 mmol), N,N-diisopro-
pylethylamine (4 mmol), 1-hydroxybenzotriazole (HOB,
anhydrous) (2.88 mmol), and diisopropylcarbodiimide (2.88
mmol) were added to 50 mL of dried dimethylchloride
solvent and stirred at room temperature. After the reaction
was completed, water and ethylacetate were added to the
product to extract an organic layer. The organic layer was
washed three times by using saturated sodium chloride
aqueous solution. Only the extracted organic layer was
collected and dried by using magnesium sulfate. Then, the
product was purified and separated by flash column chro-
matography (ethylacetate:n-hexane=9:1), and a solvent was
removed through vacuum drying, thereby obtaining a white
solid Compound 14 (final yield: 78%).

[0435] 'H-NMR (400 MHz, DMSO-d,) & ppm 11.25 (br.
S, 1H), 8.00-8.20 (m, 2H), 7.95 (d, J=2.1 Hz, 1H), 7.50-7.67
(m, 2H), 7.28 (d, J=2.1 Hz, 11), 5.8 (m, 1H), 2.87 (t, I=7.5
Hz, 2H), 2.56 (t, J=7.5 Hz, 2H), 235 (s, 3H), 1.80-1.96 (m,
4T), 145 (s, OH), 1.27 (s, 12H).

Example 2-1

[0436] An electronic apparatus including a thin film
encapsulation sealing an organic light-emitting device on a
substrate was manufactured. The thin film encapsulation
was formed by using a thin film encapsulation composition
including Compound 14 synthesized in Synthesis Example
1

/ 14
N,
HO tBu
99 % é -
=\
N Q
/
\N 0

Comparative Example 2-1

[0437] A thin film encapsulation sealing an organic light-
emitting device on a substrate was formed in substantially
the same manner as Example 1, except that Compound A
was used instead of Compound 14.

A
HQ tBu
N
=\
N 0
4
N OH
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Comparative Example 2-2

[0438] A thin film encapsulation sealing an organic light-
emitting device on a substrate was formed in substantially
the same manner as Example 2-1, except that a mixture in
which Compound A and Compound B were mixed at an
equivalent of 1:1 was used instead of Compound 14.

A
HO tBu
N
=\
N 0,
~ 7/
N oH
B
N
oH

Evaluation Example 2

[0439] An initial transmittance (T, ) of the thin film encap-
sulation of each of the electronic apparatuses manufactured
according to Example 2-1 and Comparative Examples 2-1
and 2-2 and a transmittance after exposure in an exposure
amount of 52,000 Wh/m?* by LED lighting having a maxi-
mum emission wavelength of 405 nm (“transmittance after
exposure (T,)”) were measured, and results thereof are
shown in FIG. 3.

[0440] In addition, with respect to an initial transmittance
(T,) of the thin film encapsulation of each of the electronic
apparatuses manufactured according to Example 2-1 and
Comparative Examples 2-1 and 2-2 and a transmittance after
exposure (T,), a transmittance variation (AT %) was calcu-
lated as expressed in Equation 1, and is shown in Table 1.

Transmittance Variation(AT %)=Transmittance after

Exposure(T5)-Initial Transmittance(Z’,) Equation 1

TABLE 1

Change in transmittance at 405 nm
(AT % @405 nm)

Example 2-1 0.15%
Comparative 3.50%
Example 2-1
Comparative 4.50%
Example 2-2

[0441] Referring to FIG. 4 and Table 1, in the electronic
apparatus according to Example 2-1, there is almost no
change in the initial transmittance and the transmittance
after exposure in the thin film encapsulation (change in
transmittance: 0.15%), and photocuring resistance is excel-
lent, as compared with the electronic apparatuses according
to Comparative Examples 2-1 and 2-2.

[0442] Therefore, an organic light-emitting display appa-
ratus including the heterocyclic compound in the encapsu-
lation may prevent an emission layer, an insulating film or
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the like, including an organic material, from being damaged
by ultraviolet rays and visible rays having a short wave-
length (or may reduce a likelihood or degree of such
damage).

[0443] In one or more embodiments, an organic light-
emitting display apparatus may prevent an emission layer,
an insulating film, or the like, including an organic material,
from being damaged by ultraviolet rays (or may reduce a
likelihood or degree of such damage).

[0444] 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.

[0445] It will be understood that when an element or layer
is referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, connected to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer is
referred to as being “between” two elements or layers, it can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

[0446] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes,” and “including,”
when used in this specification, specify the presence of the
stated features, integers, acts, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, acts, operations, ele-
ments, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one
or more of the associated listed items. Expressions such as
“at least one of,” when preceding a list of elements, modify
the entire list of elements and do not modify the individual
elements of the list.

[0447] As used herein, the terms “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
Further, the use of “may” when describing embodiments of
the present disclosure refers to “one or more embodiments
of the present disclosure.” As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.
Also, the term “exemplary” is intended to refer to an
example or illustration.

[0448] Also, any numerical range recited herein is
intended to include all subranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” is intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
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sumed therein, and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein.
[0449] 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 electronic apparatus comprising:
a substrate;
an organic light-emitting device on the substrate; and
a thin film encapsulation portion sealing the organic
light-emitting device,
wherein the thin film encapsulation portion comprises an
ultraviolet (UV) stabilizing mixture, and
the UV stabilizing mixture comprises a UV absorbent and
a radical scavenger.
2. The electronic apparatus of claim 1, wherein:
the UV absorbent comprises at least one UV-absorbing
compound selected from a benzophenone-containing
compound, a benzoquinone-containing compound, an
anthraquinone-containing compound, a xanthone-con-
taining compound, a benzotriazine-containing com-
pound, a benzotriazinone-containing compound, a ben-
zotriazole-containing ~ compound, a  benzoate-
containing compound, a cyanoacrylate-containing
compound, a triazine-containing compound, an oxa-
nilide-containing compound, a salicylate-containing
compound, and a pyrene-containing compound, each
substituted with a hydroxyl group.
3. The electronic apparatus of claim 2, wherein:
the UV-absorbing compound is represented by one for-
mula selected from Formulae Al-1 to Al-3:

Formula Al-1
(@]
Doy, Loy,
Rio)at0™—7 ‘,\ /\ J
R R
Formula A1-2
(@]
|
(Rzo)azo_l
(6]
Formula A1-3

R30)a30,

wherein, in Formulae Al-1 to A1-3,

CY, and CY, are each independently selected from a
benzene group, a naphthalene group, an anthracene
group, a pyrene group, and a phenanthrene group,
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R, and R, are each independently selected from hydrogen,
deuterium, —F, —Cl1, —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,-C,, alkoxy group, a substituted or
unsubstituted C,-Cy, cyclo alkoxy group, a substituted
or unsubstituted C5-C, cycloalkyl group, a substituted
or unsubstituted C,-C, , heterocycloalkyl group, a sub-
stituted or unsubstituted C;-C,,, cycloalkenyl group, a
substituted or unsubstituted C,-C, , heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C, -Cg,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-
cyclic group, Si(Q,)(Q2)(Qa), —N(Q,)(Q,), —BQ,)
Q,), —C(=0)Q)), —S(=0),Q)), and —P(=0)
QQy):

R, and R, are optionally linked to form a —(Y,),,—

linking group,

Y, is —O—, —S8—, or —C(=0)—,

k1 is an integer from 1 to 3,

one of Y, and Y; is N and the other thereof is a single
bond, a double bond, or —C(—0)—,

R,o Rogs Ry, and Ry, 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,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C,-C, cyclo alkoxy 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
CeCqo 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)(Q,)(Q5),
—N(Q(Q2), —B(Q)(Q,), —C(=0)Q)), —S(=0)
2(Qy). and —P(=0)(Q, Q).

al0 is an integer from 1 to 18,

a20 is an integer from 1 to 4,

a30 is an integer from 1 to 5,

a40 is an integer from 1 to 4,

at least one of R, (s) in the number of al0 is a hydroxyl
group,

at least one of R,(s) in the number of a20 is a hydroxyl
group,

at least one of R;4(s) in the number of a30 is a hydroxyl
group,

at least one substituent of the substituted C,-Cg, alkyl
group, the substituted C,-Cg, alkenyl group, the sub-
stituted C,-Cg, alkynyl group, the substituted C,-Cy,
alkoxy group, the substituted C;-Cg, cyclo alkoxy
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group, the substituted C;-C,, cycloalkyl group, the
substituted C,-C,, heterocycloalkyl group, the substi-
tuted C,;-C,, cycloalkenyl group, the substituted
C,-C,, heterocycloalkenyl group, the substituted
CeCe aryl group, the substituted C4-Cy, aryloxy
group, the substituted C-Cg, arylthio group, the sub-
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;-Cg, cyclo alkoxy
group;

a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, a C,-Cg, alkoxy group, and a C;-Cg,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cgy, aryl group, a Cy-Cqyy
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, —Si(Q,,)(Q,,)(Q,5),
—N@Q Q)  —BQQ), —CEOQ),
—S(=0),(Qy)), and —PE0)Q,)(Q,5):

a C;-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 Cq-Cep
aryloxy group, a C,-C,, arylthio group, a C,-C,, 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 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, 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,-Cg, alkyl group, a C,-Cgy, alkenyl group, a C,-Cy,
alkynyl group, a C,-C,, alkoxy group, a C;-C,, cyclo
alkoxy 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, aryloxy group, a Cq-Cy, arylthio group, a
C,-Cq, heteroaryl group, a monovalent non-aromatic
condensed polyeyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,;)
(Q22)(Qa3), —N(Q;)(Q55): —B(Q;)(Q5,), —C(=0)
(Qa1), —8(=0),(Q; ), and —P(=0)(Q;;)Qx,); and

7Si(Q31)(Q32)(Q33)> 7N(Q31)(Q32)> 7B(Q31)(Q32)>
—C(=0)(Qs1), —S(=0),(Qs1), and —P(=0)(Q;))
(Qs2), and

Q10 Q;, Qyy 10 Qy3, Q10 Qo and Qs 10 Q5 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
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hydrazono group, a C,-C, alkyl group, a C,-C, alk-
enyl group, a C,-C,, alkynyl group. a C,-Cg, alkoxy
group, a C;-C4, cyclo alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C,-Cq, aryl group, a C,-Cy aryl group
substituted with a C,-C, alkyl group, a C4-Cy, aryl
group substituted with a C4-C,, aryl group, a terphenyl
group, a C,-C, heteroaryl group, a C,-C, heteroaryl
group substituted with a C,-C, alkyl group, a C,-Cy,
heteroaryl group substituted with a C,-C,, aryl group,
a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed het-
eropolycyclic group, a biphenyl group, and a terphenyl
group.
4. The electronic apparatus of claim 3, wherein:

the UV-absorbing compound is represented by one for-
mula selected from Formulae A2-1 to A2-9:

A2-1
Ryg O Ry
Ry7 I Rp
Rig R B Ry
Rys Ria
A2-2
Rys 0 Ry
Ry7 l Rpp
Ris 0 Ry3
Ris Ry
A23
Ryg 0 Ry
Ry7 ] Rp
Ris Ry
Ris 6] Ry
A2-4
Rig O Ry
Rp
/
Rigdats™—
A Ri3
R4 R3
Rys Ry
A2-5
Ryg 0 Ry
Ry7 R
R
| R4 R3 13
F Ry
Risats



US 2019/0229290 Al

-continued
A2-6
Ryg O Ry
Ri7)s17
R
Ris
Ry
A2-7
Rig1s (Ris)ers
A2-8
@]
Ros Ra)
Ros Ra
(@]
A29
Rat Rs) R3
Rap N
- \
N Rz,
Ry3
R R
Rus 35 34

wherein, in Formulae A2-1 to A2-9,

R;, Ry, and R;; to R4 are the same as described in
connection with R, in claim 3,

al6is 1, 2, 3, or 4,

bl6is 1 or 2,

bl71s 1, 2, 3, or 4,

cl51is 1 or 2,

cl6is 1, 2, or 3,

cl71s 1 or 2,

R,, to R,, are the same as described in connection with
R, in claim 3,

R;, to Ry are the same as described in connection with
R;, in claim 3,

R,; to R, are the same as described in connection with
R, in claim 3, and

at least one of R, to R 4, at least one of R,, to R,,, and
at least one of Ry, to Ry5 are each a hydroxyl group.

5. The electronic apparatus of claim 1, wherein:

the UV absorbent absorbs light of a wavelength of about
280 nm to about 430 nm.

6. The electronic apparatus of claim 1, wherein:

the radical scavenger comprises at least one radical-
scavenging compound, and

the at least one radical-scavenging compound is selected
from a phenol-containing compound, a hindered
amine-containing compound, and a phenylenediamine-
containing compound.
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7. The electronic apparatus of claim 1, wherein:

the radical scavenger comprises at least one compound
selected from compounds represented by Formulae
A4-1 to A4-3:

Formula A4-1
(Rsp)as0

. \<
AN

..... < “(L1o)mo—Rs;
Formula A4-2
Re0)aco

Ya
-3

Ry

(L20}mo—Re2
Formula A4-3
Ro -
N

Ry |
Ré _\(R70)a70>

wherein, in Formulae A4-1 to A4-3,

ring Ar, is a benzene ring or a naphthalene ring,

Lo and L,, are each independently —O—, —S—,
8(=0),—, —C(=0)—, —C(=0)0—, —C(=0)
NH—, a C,-C,, hydrocarbon group, a Cs-Cg, carbo-
cyclic group, or a C,-C;, heterocyclic group,

m10 and m20 are each independently an integer from 0 to
55

when m10 is two or more, two or more L (s) are identical
to or different from each other, and when m101is 0, L,
is a single bond,

when m20 is two or more, two or more L,(s) are identical
to or different from each other, and when m20 is 0, L,,
is a single bond,

Rso, Rsy, Regs Ry Rgo, and R to R, are each indepen-
dently selected from hydrogen, deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydra-
Zono group, a substituted or unsubstituted C,-Cg, alkyl

group,
group,
group,
group,

a substituted or unsubstituted C,-Cg, alkenyl
a substituted or unsubstituted C,-Cg, alkynyl
a substituted or unsubstituted C,-C¢, alkoxy
a substituted or unsubstituted C5-Cg4, cyclo

alkoxy 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 unsubsti-
tuted C,-C, , heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsub-
stituted C¢-Cy, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsub-
stituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed heteropolycyclic

group,

—C(:

(Q2)s

SIQ(Q)Qs), —NQ(Qy), —BQI(Qy).
0)Q), —S(=0),(Q), and —P(=0)Q))
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a50 is an integer from 1 to 6,

a60 is an integer from 1 to 4,

a70 is an integer from 1 to 4,

when a50 is two or more, two or more R, (s) are identical
to or different from each other,

when a60 is two or more, two or more R, (s) are identical
to or different from each other,

when a70 is two or more, two or more R, (s) are identical
to or different from each other,

at least one substituent of the substituted C,-Cq, alkyl
group, the substituted C,-Cg, alkenyl group, the sub-
stituted C,-C, alkynyl group, the substituted C,-Cy,
alkoxy group, the substituted C;-Cg, cyclo alkoxy
group, the substituted C;-C,, cycloalkyl group, the
substituted C,-C,, heterocycloalkyl group, the substi-
tuted C;-C,, cycloalkenyl group, the substituted
C,-C,, heterocycloalkenyl group, the substituted
CeCgo aryl group, the substituted C,-Cy, aryloxy
group, the substituted C,-Cg, arylthio group, the sub-
stituted C,-Cg, 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;-Cq, cyclo alkoxy
group;

a C,-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cy,
alkynyl group, a C,-Cg, alkoxy group, and a C;-Cq,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
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-Cgy, aryl group, a Cy-Cqyy
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, —Si(Q;,)(Q,,)(Q;5),
*N(Qn)(Qm)s *B(Qn)(le)s *C(:O)(Qn)s
—S(=0)(Qy), and —P(=0)(Q,1)(Q;>);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C-Cy, 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 C4-Cg,
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, 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,
aC,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-C,, alkoxy group, a C5-Cq, cyclo
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alkoxy 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 Cs-Cy, aryloxy group, a C4-Cy, arylthio group, a
C,-C, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,)
(Q22)(Q23), —N(Q21)(Qs5), —B(Q,1)(Q,,), —C(=0)
(Q21). —S(=0),(Q,;), and —P(—0)(Q,,)(Qx); and

*Si(Q31)(Q32)(Q33)s *N(Q:«n)(Qsz)s *B(Q31)(Q32)s
—C(=0)Q51), —S(=0),(Qs,), and —P(=0)(Q;,)
(Qs2). and

Q; 10Qs, Qy; 10 Qp3, Qy; 10 Qus, and Qs t0 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,-Cy, alkyl group, a C,-C, alk-
enyl group, a C,-Cy, alkynyl group. a C,-C, alkoxy
group, a C;-Cq cyclo alkoxy group, a C;-Cj
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C,-C,,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cq, aryl group, a C-Cy,y aryl group
substituted with a C,-Cg, alkyl group, a C-Cg, aryl
group substituted with a C,-C, aryl group, a terphenyl
group, a C,-Cg, heteroaryl group, a C,-C, 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.

8. The electronic apparatus of claim 7, wherein:

the radical scavenger comprises at least one compound
selected from compounds represented by Formulae
AS5-1 to AS-4:

A5-1
Rs3
HO Lig—Rs
Rs;
AS5-2
Rs3
HO \
S
RS —/ "Liy—Rs
AS5-3
Rey
Res
Rgi—N Lyy—Rg
Res
Res
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-continued
A5-4
Rz R7s

Ry Ryq

\

N N
Ré \R73a

wherein, in Formulae AS5-1 to A5-4,

R, to Rs;, Ry 10 Ry, and R, to R, are each indepen-
dently 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, and a C,-C,, alkoxy group; and

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from 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,-C,, alkyl group, a C;-C,,
cycloalkyl group, a C,-C,, alkoxy group, a C;-C,,
cyclo alkoxy 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,
and a triazinyl group, and

L,, and L, are the same as described in claim 7.

9. The electronic apparatus of claim 1, wherein:

an amount of the radical scavenger is in a range of about
0.5 parts by weight to about 20 parts by weight based
on 100 parts by weight of the UV absorbent.

10. The electronic apparatus of claim 1, wherein:

the thin film encapsulation portion comprises at least one
organic film,

the at least one organic film comprises a first organic film,
and

the first organic film comprises the UV stabilizing mix-
ture.

11. The electronic apparatus of claim 10, wherein:

the first organic film further comprises a matrix resin, and

the matrix resin comprises at least one of an acryl-based
resin, a methacryl-based resin, an isoprene-based resin,
a vinyl-based resin, an epoxy-based resin, a urethane-
based resin, a cellulose resin, a perylene-based resin, an
imide-based resin, and a silicone-based resin.

12. The electronic apparatus of claim 10, wherein:

an amount of the UV stabilizing mixture is in a range of
about 3 parts by weight to about 10 parts by weight
based on 100 parts by weight of the first organic film.

13. The electronic apparatus of claim 10, wherein:

the first organic film has a transmittance of about 80% or
more with respect to light having a wavelength of about
430 nm or more, and has a transmittance of about 10%
or less with respect to light having a wavelength of
about 405 nm or less.

33
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14. The electronic apparatus of claim 10, wherein:

when the first organic film is exposed to light in an
amount of about 52,000 Wh/m?, a change in transmit-
tance with respect to light having a wavelength of about
400 nm to about 410 nm is less than about 5%.

15. The electronic apparatus of claim 10, wherein:

a thickness of the first organic film is in a range of about
10 nm to about 20 pm.

16. A heterocyclic compound represented by Formula B1:

(ADmLi-(Az)no, Formula B1

wherein, in Formula B1,

L, is an (m1+m2)-valent C,-C,, organic group that links
A, and A,,

A, is an ultraviolet (UV)-absorbing group,

A, is a radical-scavenging group,

ml is an integer from 1 to 3, and

m2 is an integer from 1 to 3.

17. The heterocyclic compound of claim 16, wherein:
L, is a group represented by Formula B2:

FX D1 LX) ™, Formula B2

wherein X, and X, are each independently a single bond,
4075 7875 4C(:O)75 7C(:O)Ois
—CONH—, or —NHC(—O)NH—,

L,, is selected from:

a C,-C,, alkylene group, a C,-C, , alkenylene group, and
a C,-Cy, alkynylene group; and

a C,-C,, alkylene group, a C,-C, , alkenylene group, and
a C,-C,, alkynylene 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,-C,, alkyl group, a C,-C, alkoxy group, a C5-Cy,
cyclo alkoxy 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 pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
EgaZi)nyl group, N(Q3)(Qs2). and —Si(Q5,)(Qs2)
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nl and n2 are each independently an integer from 1 to 3,

Q5 to Q5 are each independently selected from hydro-
gen, 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,-C,, alkyl
group, a C,-C, alkenyl group, a C,-Cg, alkynyl group,
a C,-Cg, alkoxy 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 C,-C,, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group, a
biphenyl group, and a terphenyl group, and

* and *' each indicate a binding site to a neighboring
atom.
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18. The heterocyclic compound of claim 17, wherein:

L, is a group represented by one formula selected from
Formulae B2-1 to B2-5:

Formula B2-1
¢}
I
* L“—C_O #!
Formula B2-2
(€]
I ||
* O0—C—L;—C—O0—
Formula B2-3
* O0—1L;;—0 #
Formula B2-4
H O (0]
|l |
* N—C—L;—C—N *!
Formula B2-5

*

Lyy—»,

wherein, in Formulae B2-1 to B2-5,

L,, is the same as described in claim 17, and

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

19. The heterocyclic compound of claim 16, wherein:

A, comprises at least one group selected from a hydroxy
benzophenone-containing group, a benzoquinone-con-
taining group, an anthraquinone-containing group, a
xanthone-containing group, a benzotriazine-containing
group, a benzotriazinone-containing group, a benzotri-
azole-containing group, a benzoate-containing group, a
cyanoacrylate-containing group, a triazine-containing
group, an oxanilide-containing group, a salicylate-con-
taining group, and a pyrene-containing group.

20. The heterocyclic compound of claim 16, wherein:

A, is a group represented by one formula selected from
Formulae B3-1 to B3-3:

Formula B3-1
@]
K
Doy, boey, b
Rio)p10—; ‘,\ /\ J
R R
Formula B3-2
(@]
A
(RZO)bZOT\’H *
(6]
Formula B3-3

Ra0)a30

4 R\

wherein, in Formulae B3-1 to B3-3,

CY, and CY, are each independently selected from a
benzene group, a naphthalene group, an anthracene
group, a pyrene group, and a phenanthrene group,
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R, and R, are each independently selected from hydrogen,
deuterium, —F, —Cl1, —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
unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-Cq, alkynyl group, a substituted or
unsubstituted C,-Cg, alkoxy group, a substituted or
unsubstituted C,-C, cyclo alkoxy group, a substituted
or unsubstituted C,5-C, cycloalkyl group, a substituted
or unsubstituted C,-C, , heterocycloalkyl group, a sub-
stituted or unsubstituted C5-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C, , heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C,-Cg,, aryloxy group, a
substituted or unsubstituted C,-Cg, arylthio group, a
substituted or unsubstituted C,-Cg,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-
cyclic group, Si(Q;)(Q.)(Qs), —N(Q,)(Q>), —BQ,)
Q) —C(=0)Q)), —S(=0),(Q)), and —P(=0)
QI(Qy),

R, and R, are optionally linked to form a —(Y,),,—
linking group,

Y, is —O0—, —S—, or —C(=0)—,

k1 is an integer from 1 to 3,

one of Y, and Y, is N and the other thereof is a single
bond, a double bond, or —C(—0)—,

R0 Rugs Ry, and Ry, 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,-Cy, 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,-C, cyclo alkoxy 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
CsCqo aryl group, a substituted or unsubstituted
Ce-Cyo aryloxy group, a substituted or unsubstituted
Cs-Cyo 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,)Qs),
—N(Q(Q2), —BQQ,), —C(=0)Q)), —S(=0)
AQy). and —P(=0)(Q)Q>).

b10 is an integer from 1 to 17,

b20 is an integer from 1 to 3,

b30 and b40 are each independently an integer from 1 to
4}

at least one R, at least one R,, and at least one R, are
each a hydroxyl group,

at least one substituent of the substituted C,-Cg, alkyl
group, the substituted C,-C, alkenyl group, the sub-
stituted C,-Cg, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C;-Cg, cyclo alkoxy
group, the substituted C;-C,, cycloalkyl group, the
substituted C,-C,, heterocycloalkyl group, the substi-
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tuted C,;-C,, cycloalkenyl group, the substituted
C,-C,y heterocycloalkenyl group, the substituted
CeCs aryl group, the substituted C4-Cy, aryloxy
group, the substituted Cy-Cg, arylthio group, the sub-
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,-C,, alkyl
group, a C,-Cq, alkenyl group, a C,-Cq, alkynyl group,
a C,-Cg, alkoxy group, and a C;-C,, cyclo alkoxy
group;

a C,-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cy,
alkynyl group, a C,-Cg, alkoxy group, and a C;-Cy,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-C, 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, —Si(Q,,)(Q,,)(Q,5),
—NQ)Qp)  —BQQ)., —CEOQL),
—S8(=0),(Qy), and —P(=0)(Q,,)(Qy>);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C-Cq, arylthio group, a C,-C, 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 C4-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
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,
aC,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-Cg, alkoxy group, a C5-Cq, cyclo
alkoxy 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 Cg-Cg, aryloxy group, a C4-Cg, arylthio group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,;)
(Q2)(Qs3), —N(Qy )(Q15), —B(Q;)(Q,,), —C(=0)
(Qz1), —S(=0),(Q,y), and —P(=0)(Q;,)(Q,»); and

—Si(Q3)(Q2)(Qs3), —N(Q51)(Qs2), —B(Q5)(Qs0),
—C(=0)Q3,), —S(=0),(Qs,), and —P(=0)(Q;,)
(Qs2).

Q1 10 Qs, Qpy t0 Qp3, Q10 Qa3 and Qs to Q5 are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
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nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-Cy, alkyl group, a C,-C, alk-
enyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a C;-C4, cyclo alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C;-C,, heterocycloalk-
enyl group, a C4-Cq, aryl group, a C-Cg, aryl group
substituted with a C,-Cq, alkyl group, a C¢-Cg, aryl
group substituted with a C4-Cq,, aryl group, a terphenyl
group, a C,-Cg, heteroaryl group, a C,-Cg, heteroaryl
group substituted with a C,-C, alkyl group, a C,-Cy,
heteroaryl group substituted with a C-C, 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

* indicates a binding site to a neighboring atom.

21. The heterocyclic compound of claim 17, wherein:

A, is a group represented by a formula selected from
Formulae B4-1 to B4-30:

B4-1
Ry O H
Ry7 Rp
Rys R R Ry3
3
Ris Ry
B4-2
Rig 0 Ry
Ry l *
Ri6 R, B Ri
3
Ris Ry
B43
Ryg 0 Ry
Ry7 l ' Ry
R R4 R *
3
Rys Ry
B4-4
Rig O Ry
Ry7 ] ] Rp
Ry R R Ry3
3
Rys *
B4-5
Rg O H
Ry7 Rpp
Rig 0 Ris
Rys Ry
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-continued
B4-6
Ryg 0 Ry
Ry7 l l *
Rig 0 Ris
Rys Ry
B4-7
Rys 0 Ry
Rig O ®
Rys Ry
B4-8
Ryg 0 Ry
Ri7 l | Rpp
Rig 0 Rys
Ris M
B4-9
Rg O H
Ry7 ] l Rpp
Ris Ryi3
RIS o] R14
B4-10
Ryg 0 Ry
Ry7 l ] *
Rig Rys
RIS 0] R14
B4-11
Rg O H
Ry
/
Rigats™—
Ry
Ry R
Rys Ry
B4-12
Rjs 0 Ry
*
/
Rigats——
Ry
Ry Rg
Ris Ry

Jul. 25,2019

-continued
Rig O Ry
S Rz
Rigats——
x
*
R4 Rz
Ris Ry
Rjg O Ry
P Rp
Riglats™—
x
Rz
Ry Ry
Ris M
Rig 0 T
R
| Ry T 13
P Ry4
Ri6)ats
Ryg 0 Ry
Ry7 *
R
| kT .
P Ryg
Rie)ats
Ryg 0 Ry

Rig)ats

B4-13

B4-14

B4-15

B4-16

B4-17

B4-18



US 2019/0229290 Al

-continued

Ris O

Ri7)s17

Ris Ry

(Rie)sls

Rip17

Rielnis

Ri7)s17

Ri6)e16 (Ris)ats

Ri5)as

Ri6)e16

Jul. 25,2019

-continued
Rig 0 Ry
B4-19 Ri7lerr
Rpp
sk
Rie)e1s Ri5)ars
Rjg 0 Ry
BA-20 Ri7)e17 -
Ry3
N
Rig)e1s Rishats
(6]
B4-21 R .
Rys Ry
(6]
Ry * Ris
Rap N
- \
B4-22 N Rss
Ry3
R R
Ry 35 34
Ry Ry, *
Rar N
= \
N Rsz
\N/
B4-23 R
i R’ R
Rig 35 34
Rat Rs) R3;
Ry N
— \
N El
Ry3
R R
Ray 35 34
B4-24

wherein, in Formulae B4-1 to B4-30,

B4-25

B4-26

B4-27

B4-28

B4-29

B4-30

R;, R,, and R, to R, are the same as described in

connection with R, in claim 17,
al6is 1,2, 3, or4,
bl61is 1 or 2,
bl71s 1, 2,3, or4,
cl5is1or2,
cl6is 1,2, or 3,
cl7is 1 or 2,
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R,, to R,; are the same as described in connection with
R,, it claim 17,

R;, to Ry are the same as described in connection with
R, in claim 17,

R,, to R, are the same as described in connection with
R,, in claim 17,

at least one of R, to R 4, at least one of R,, to R,;, and
atleast one of R, to R, are each a hydroxyl group, and

* indicates a binding site to a neighboring atom.

22. The electronic apparatus of claim 16, wherein:

A, comprises at least one compound selected from a
phenol-containing compound, a hindered amine-con-
taining compound, and a phenylenediamine-containing
compound.

23. The heterocyclic compound of claim 16, wherein:

A, is a group represented by one formula selected from
Formulae B6-1 to B6-3:

Formula B6-1
TH
I, . MY ~ \‘
*—— Ar—(Rso)pso
Formula B6-2
Re;
|
0
* \/_ (Re0)as0
Formula B6-3

Ry Rp
\

N
2\ . Rs

I N
s N
l/\/ \R74,

R0)p70

wherein, in Formulae B6-1 to B6-3,

Ar, is a benzene ring or a naphthalene ring,

Ry, Reos Rgp, and Ry to 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,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a
substituted or unsubstituted C;-C, cyclo alkoxy 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
CeCqo aryl group, a substituted or unsubstituted
CeCyo 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
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condensed heteropolycyclic group, Si(Q,)(Q,)(Q5),
—N(QQ2), —B(QQ,), —C(=0)Q)), —S(=0)
2(Qy). and —P(=0)(Q, Q).

b50 is an integer from 1 to 6,

b60 is an integer from 1 to 4,

b70 is an integer from 1 to 3,

at least one substituent of the substituted C,;-Cg, alkyl
group, the substituted C,-Cq, alkenyl group, the sub-
stituted C,-Cg, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C;-Cg4, cyclo alkoxy
group, the substituted C;-C,, cycloalkyl group, the
substituted C,-C, , heterocycloalkyl group, the substi-
tuted C;-C,, cycloalkenyl group, the substituted
C,-C,, heterocycloalkenyl group, the substituted
Ce-Cqo aryl group, the substituted C4-Cgy aryloxy
group, the substituted C¢-Cy, arylthio group, the sub-
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, —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;-Cq4, alkoxy group, and a C5-Cg, cyclo alkoxy
group;

a C;-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-Cg,
alkynyl group, a C,-C,, alkoxy group, and a C;-Cy,
cyclo alkoxy group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazono group,
a C5-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 Cq-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;1)(Q:)(Q13),
—NQ Q). —BQQL), —CEO)Q.),
—S(=0),(Qy,), and —P(—0)(Q;)(Q;>):

a C;-Cy, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkeny! group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a Cg-Cy
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, a biphenyl group, and a
terphenyl group;

a C5-Cy, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cgp aryl group, a Cg-Cgp
aryloxy group, a C,-C,, 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 C5-Cg, cyclo
alkoxy 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,
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a C4-Cq, aryloxy group, a C4-Cgy, arylthio group, a
C,-Cg heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,;)

(Q22)(Q23), —N(Q,)(Q22), —B(Q,1)(Qy2). —OC
(=0XQyy), —S(=0)(Q,,), and —PE0)Q,))
(Qx); and

—Si(Q5)(Q32)(Qs3), —N(Q3)(Q52). —B(Q5)(Qs0),
@C():O)(Qsl)s —S(=0),(Q;)), and —P=0)(Q;,)

Q10 Q3 Q10 Qy3, Q) 10 Qo5 and Qs 10 Q5 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,-C,, alkynyl group, a C,-C, alkoxy
group, a C;-C4, cyclo alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C,;-C,q cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cy, aryl group, a Cy-Cyy aryl group
substituted with a C,-C,, alkyl group, a C,-Cg, aryl
group substituted with a C¢-Cg aryl group, a terphenyl
group, a C,-C, heteroaryl group, a C,-Cy, heteroaryl
group substituted with a C,-Cg, alkyl group, a C,-Cq,
heteroaryl group substituted with a C,-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

* indicates a binding site to a neighboring atom.

24. The heterocyclic compound of claim 23, wherein:

A, is a group represented by one formula selected from
Formulae B7-1 to B7-3:

B7-1
Rsy
Rs; / \ OH
*/_
Rs3
B7-2
Re;
Reg Ill R
RGSA[ Res
4
Re
B7-3
Ry Rys
Ry Ryy
) =
Ry */_ Ry,

wherein, in Formulae B7-1 to B7-3,

R}, Rs,, and Ry are the same as described in connection
with Ry, in claim 23,

Ry, to Ry are the same as described in connection with
Reo in claim 23,

R,, to R,, are the same as described in claim 23,
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R, and R, are the same as described in connection with
R, in claim 23, and

* indicates a binding site to a neighboring atom.

25. The heterocyclic compound of claim 16, wherein:

the heterocyclic compound is selected from Compounds 1
to 14:

s
N.
(@] Q)28
O O O O
Ry
Rs2 Rg
2
P
N.
@] OH
[¢) O
J\/\/j
Rey Rg
3
(0] OH
@]
O
Re Rg 0 on
4
B
N
(@] OH
O O /\/\/\OJ
R 0
Rez Rgi
5
OH
HO
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40
-continued -continued
6 1
(0] OH

H

N,

Rgy gJ\q/

Rex Rei 0

O O J\/\/\J/ :

12
Rg, Rg

C 0 M@ ”“5

@]

Rgi

13
CH;

Res |
N.

0 OH 0 OH
o HO oL .0
I (6]
Reg g/\/ " o” Jk

R N N
R Rsi 0 5 H H

9 Re Rg

O/
10
CH;

HO,

/N\ /\/\/O
/N 0
SN

I
N

0 ol wherein, in Compounds 1 to 14,
HN 0 Rg, to Rgy are each independently selected from hydro-
0 gen, deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a
R N hydrazino group, a hydrazono group, a C,-C,, alkyl
Ry Rg; group, and a C,-C,, alkoxy group.
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