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CONDENSED CYCLIC COMPOUND,
COMPOSITION INCLUDING THE SAME,
AND ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE CONDENSED CYCLIC
COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefits
of Korean Patent Application No. 10-2019-0136946, filed
on Oct. 30, 2019, in the Korean Intellectual Property Office,
and Japanese Patent Application No. 2018-248446, filed on
Dec. 28, 2018, in the Japanese Patent Office, and all the
benefits accruing thereform under 35 U.S.C. § 119, the
contents of which are incorporated herein in their entirety by
reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to a condensed
cyclic compound, a material for an organic light-emitting
device including the condensed cyclic compound, and an
organic light-emitting device including the material.

2. Description of Related Art

[0003] Organic light-emitting devices are self-emission
devices that produce full-color images, and also have wide
viewing angles, high contrast ratios, short response times, as
well as excellent characteristics in terms of brightness,
driving voltage, and response speed.

[0004] In an example, an organic light-emitting device
includes an anode, a cathode, and an organic layer that is
disposed between the anode and the cathode and includes an
emission layer. A hole transport region may be between the
anode and the emission layer, and an electron transport
region may be between the emission layer and the cathode.
Holes provided from the anode may move toward the
emission layer through the hole transport region, and elec-
trons provided from the cathode may move toward the
emission layer through the electron transport region. The
holes and the electrons, which are carriers, recombine in the
emission layer to produce excitons. These excitons transi-
tion from an excited state to a ground state, thereby gener-
ating light.

SUMMARY

[0005] One or more embodiments include a condensed
cyclic compound, a composition including the same, and an
organic light-emitting device using the condensed cyclic
compound.

[0006] In manufacturing an organic light-emitting device,
it is common to form an organic film constituting the organic
light-emitting device by a dry film-forming method such as
a vapor deposition method. However, when a film is formed
by a dry film-forming method, such as a vapor deposition
method, relatively long time and high costs are needed.
Therefore, instead of such a dry film-forming method, wet
film-forming methods, such as a solution coating method
(henceforth a coating method), which may reduce the
amount of time and the costs, are considered for use in the
manufacturing process.
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[0007] However, when wet film-forming methods are
applied to conventional compounds, due to the low solubil-
ity of the compounds, the pot life (lifespan in solution) of the
solution is short. After the film formation, aggregation of
organic molecules may occur in an emission layer. There-
fore, an organic light-emitting device formed by the coating
method may not have sufficient current efficiency and light-
emission lifespan.

[0008] Organic light-emitting devices using such com-
pounds have low efficiency and short lifespans.

[0009] Accordingly, the present disclosure aims at provid-
ing of a compound having high solubility and providing a
long solution pot life and an organic light emitting device
having high efficiency and a long lifespan.

[0010] In detail, an organic light-emitting device including
the condensed cyclic compound may have high luminescent
efficiency and a long lifespan. In addition, the condensed
cyclic compound may have a low glass transition tempera-
ture and thus have high solubility, thereby increasing the pot
life of the solution including the compound, and thus may be
suitable for use in a solution coating method.

[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments of the disclosure.

[0012] According to one aspect, there is provided a con-
densed cyclic compound represented by Formula 1:

Formula 1

(Il{s)bs

(LZ)al
N \ 7/
=
1 Lag —An
/ \ / \\ N\ T Rs)es
(R3)b3/\ /\’J
Ra)oa
Formula 2
(Lo Aryy,
[0013] wherein, in Formula 1 and Formula 2,

[0014] L,,L,, and L, may each independently be a single
bond, a substituted or unsubstituted C;-Cg, carbocyclic
group, or a substituted or unsubstituted C,-C, heterocyclic

group,

[0015] al, a2 and all may each independently be an integer
from 1 to 5,
[0016] Ar, and Ar;; may each independently be a substi-

tuted or unsubstituted C5-Cg,, carbocyclic group,

[0017] R, to Ry may each independently be a group
represented by Formula 2, hydrogen, deuterium, —F, —Cl,
—Br, —I, a cyano group, a substituted or unsubstituted
C,-Cg alkyl group, a substituted or unsubstituted C,-Cq,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C, -C, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C5-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-C, aryl group, a
substituted or unsubstituted C,-Cy, alkylaryl group, a sub-
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stituted or unsubstituted C,-Cy, arylalkyl group, a substi-
tuted or unsubstituted C,-C, arylalkyloxy group, a substi-
tuted or unsubstituted C,-Cq, arylalkylthio group, a
substituted or unsubstituted Cy-Cg, arylalkenyl group, a
substituted or unsubstituted Cq-Cq, arylalkynyl group, a
substituted or unsubstituted C,-Cg, aryloxy group, a substi-
tuted or unsubstituted C4-Cg,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted C,-C, alkyl heteroaryl group, a substituted or
unsubstituted C,-C, heteroaryloxy group, a substituted or
unsubstituted C,-Cy, heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)(Q,)
(Qs). or —N(Q)(Qy).

[0018] b3, bS5, and b6 may each independently be an
integer from 0 to 4,

[0019] b2 may be an integer from 0 to 3,

[0020] two adjacent groups of R,, R,, R;5(s) in the number
of b3, R,(s) in the number of b4, R5(s) in the number of b3,
and Ry(s) in the number of b6 may be optionally linked to
form a substituted or unsubstituted C.-C,, carbocyclic
group or a substituted or unsubstituted C,-C;, heterocyclic
group,

[0021] nl may be an integer from 1 to 5,

[0022] when al and a2 are each 1, L, and L, are each a
single bond, and nl is 1, Ar, is not a fluorene group,

at least one substituent of the substituted C5-C, carbocyclic
group, the substituted C,-Cg, heterocyclic group, the sub-
stituted C,-C5, heterocyclic group, 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,,, cycloalkyl group, the substi-
tuted C,-C, , heterocycloalkyl group, the substituted C;-C,
cycloalkenyl group, the substituted C,-C,,, heterocycloalk-
enyl group, the substituted C4-C, aryl group, the substituted
C,-Cg alkylaryl group, the substituted C,-Cg, arylalkyl
group, the substituted C,-C, arylalkyloxy group, the sub-
stituted C,-Cg, arylalkylthio group, the Co-Cy arylalkenyl
group, the C4-Cy, arylalkynyl group, the substituted C4-Cg,
aryloxy group, the substituted C,-Cy, arylthio group, the
substituted C,-Cg, heteroaryl group, the substituted C,-Cg,,
alkylheteroaryl group, the substituted C,-Cg, heteroaryloxy
group, the substituted C,-C,,, heteroarylthio group, the sub-
stituted monovalent non-aromatic condensed polycyclic
group, and the substituted monovalent non-aromatic con-
densed heteropolycyclic group may be:

[0023] deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF,, —CF,H, —CFH,, —NCS, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cq,
alkynyl group, or a C,-C,, alkoxy group:;

[0024] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cg, alkynyl group, or a C,-Cg, alkoxy group, each
substituted with deuterium, —F, —Cl, —Br, —I, —CD,,
—CD,H, —CDH,, —CF,, —CF,H, —CFH,, —NCS, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
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cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl - group, Si(Qy)(Q;2)(Q13), —N(Qyy)
(Q,5), —C(=0)(Q,,), or any combination thereof;

[0025] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, or a
C,-C,, heterocycloalkenyl group;

[0026] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, or a
C,-C,, heterocycloalkenyl group, each substituted with
at least one deuterium, —F, —Cl, —Br, —I, —CD;,
—CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,

heterocycloalkenyl — group,  —Si(Q5,)(Q,,)(Q55),
—N(Q,)(Qz). —C(=0)(Qs,,), or any combination
thereof; or

[0027] —Si(Q3)(Q32)(Qs3). —N(Q,)(Q;,). or

—C(=0)Qsy),

[0028] wherein Q, to Qs, Q;; 10 Qy3, Qy 10 Qys, and Qs

to Q55 may each independently be hydrogen, deuterium, a
C,-C, alkyl group, a C,-C,, alkoxy group, a phenyl group,
or a bipheny! group, and

[0029] * indicates a binding site to a neighboring atom.
[0030] Another aspect provides a composition including at
least one condensed cyclic compound represented by For-
mula 1.

[0031] Another aspect provides an organic light-emitting
device including: a first electrode; a second electrode; and an
organic layer placed between the first electrode and the
second electrode and including an emission layer, and the
organic light-emitting device includes at least one con-
densed cyclic compound represented by Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other aspects, features, and advan-
tages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

[0033] FIG. 1 shows a diagram illustrating an exemplary
energy level relationship between a condensed cyclic com-
pound represented by Formula 1 and a first compound
including a carbazole group in a composition according to
an embodiment;

[0034] FIG. 2 shows a diagram illustrating an exemplary
energy level relationship between a condensed cyclic com-
pound represented by Formula 1 and a second compound
including an azine group in a composition according to an
embodiment;

[0035] FIG. 3 shows a diagram illustrating an exemplary
energy level relationship among a condensed cyclic com-
pound represented by Formula 1, a second compound
including an azine group, and a phosphorescent platinum
group metal complex in a composition according to an
embodiment;

[0036] FIG. 4 shows a diagram illustrating an exemplary
energy level relationship among a condensed cyclic com-
pound represented by Formula 1, a first compound including
a carbazole group, a second compound including an azine
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group, and a phosphorescent platinum group metal complex
in a composition according to an embodiment; and

[0037] FIG. § is a schematic cross-sectional view of an
organic light-emitting device according to an embodiment.

DETAILED DESCRIPTION

[0038] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein.

[0039] Accordingly, the embodiments are merely
described below, by referring to the figures, to explain
aspects. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0040] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0041] Tt will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0042] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, “a,” “an,” “the,” and “at least
one” do not denote a limitation of quantity, and are intended
to cover both the singular and plural, unless the context
clearly indicates otherwise. For example, “an element™ has
the same meaning as “at least one element,” unless the
context clearly indicates otherwise.

[0043] “Or” means “and/or.” As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. It will be further understood
that the terms “‘comprises” and/or “comprising,” or
“includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0044] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
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other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0045] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10% or 5% of the
stated value.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0047] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

[0048] Unless otherwise defined in the present specifica-
tion, the handling and the measurement of physical proper-
ties are carried out under conditions of room temperature
(about 2000 to about 25[1) and/or the relative humidity of
about 40% RH to about 50% RH. In addition, throughout the
present specification, the “compound for an organic light-
emitting device” may be referred to as the “compound,” the
“material for an organic light-emitting device” may be
referred to as the “material,” and the “composition for an
organic light-emitting device” may simply be called the
“composition.”

Condensed Cyclic Compound

[0049] A condensed cyclic compound represented by For-
mula | according to an embodiment of the present disclosure
will be described in detail as follows:



US 2020/0212307 Al

Formula 1
(Re)ss
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s
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Formula 2
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[0050] In Formulae 1 and 2, L, L,. and L, may each
independently be a single bond, a substituted or unsubsti-
tuted C,-Cg, carbocyclic group, or a substituted or unsub-
stituted C,-Cy, heterocyclic group.

[0051] For example, L;, L,, and L;; may each indepen-
dently be:
[0052] a single bond, a benzene group, a pentalene group,

an indene group, a naphthalene group, an anthracene group,
an azulene group, a heptalene group, an acenaphthalene
group, a phenalene group, a fluorene group, a spiro-bifluo-
rene group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, a biphenyl group, a terphenyl group,
a triphenylene group, a fluoranthene group, a pyrene group,
a chrysene group, a picene group, a perylene group, a
pentaphene group, a pentacene group, a tetraphenyl group,
a hexaphenyl group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphenyl group, a pyranthrene
group, a pyridine group, a pyrazine group, a pyridazine
group, a pyrimidine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, a qui-
nazoline group, a naphthyridine group, an acridine group, a
phenazine group, a benzoquinoline group, a benzoisoquino-
line group, a phenanthridine group, a phenanthroline group,
a benzoquinone group, a coumarin group, an anthraquinone
group, a fluorenone group, a furan group, a thiene group, a
silole group, a benzofuran group, a benzothien group, a
benzosilole group, a dibenzofuran group, a dibenzothio-
phene group, a dibenzosilole group, a pyrrole group, an
indole group, an isoindole group, a carbazole group, a
benzocarbazole group, a dibenzocarbazole group, an imida-
zole group, a benzimidazole group, a pyrazole group, a
triazole group, a tetrazole group, an indazole group, an
oxazole group, an isoxazole group, a benzoxazole group, a
benzisoxazole group, a thiazole group, an isothiazole group,
a benzothiazole group, a benzisothiazole group, an imida-
zopyridine group, an imidazopyrimidine group, an imida-
zophenanthridine group, a benzimidazophenanthridine
group, an azadibenzofuran group, an azacarbazole group, an
azadibenzothien group, a diazadibenzofuran group, a diaz-
acarbazole group, a diazadibenzothien group, a xanthonene
group, or a thioxanthone group; or

[0053] a benzene group, a pentalene group, an indene
group, a naphthalene group, an anthracene group, an azulene
group, a heptalene group, an acenaphthalene group, a phe-
nalene group, a fluorene group, a spiro-bifluorene group, a
benzofluorene group, a dibenzofluorene group, a phenan-
threne group, a biphenyl group, a terphenyl group, a triph-
enylene group, a fluoranthene group, a pyrene group, a
chrysene group, a picene group, a perylene group, a penta-
phene group, a pentacene group, a tetraphenyl group, a
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hexaphenyl group, a hexacene group, a rubicene group, a
trinaphthalene group, a heptaphenyl group, a pyranthrene
group, a pyridine group, a pyrazine group, a pyridazine
group, a pyrimidine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, a qui-
nazoline group, a naphthyridine group, an acridine group, a
phenazine group, a benzoquinoline group, a benzoisoquino-
line group, a phenanthridine group, a phenanthroline group,
a benzoquinone group, a coumarin group, an anthraquinone
group, a fluorenone group, a furan group, a thiene group, a
silole group, a benzofuran group, a benzothien group, a
benzosilole group, a dibenzofuran group, a dibenzothio-
phene group, a dibenzosilole group, a pyrrole group, an
indole group, an isoindole group, a carbazole group, a
benzocarbazole group, a dibenzocarbazole group, an imida-
zole group, a benzimidazole group, a pyrazole group, a
triazole group, a tetrazole group, an indazole group, an
oxazole group, an isoxazole group, a benzoxazole group, a
benzisoxazole group, a thiazole group, an isothiazole group,
a benzothiazole group, a benzisothiazole group, an imida-
zopyridine group, an imidazopyrimidine group, an imida-
zophenanthridine group, a benzimidazophenanthridine
group, an azadibenzofuran group, an azacarbazole group, an
azadibenzothien group, a diazadibenzofuran group, a diaz-
acarbazole group, a diazadibenzothien group, a xanthonene
group, or a thioxanthone group, each substituted with at least
one deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a C,-C,, alkyl
group, a C,-C;, alkoxy group, a phenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, an anthracenyl
group, an azulenyl group, a heptalenyl group, an acenaph-
thyl group, a phenalenyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenanthrenyl group, a biphenyl group, a
terphenyl group, a triphenylenyl group, a fluoranthenyl
group, a pyrenyl group, a chrysenyl group, a picenyl group,
a peryleny! group, a pentaphenyl group, a pentacenyl group,
a tetraphenyl group, a hexaphenyl group, a hexacenyl group,
a rubiceny! group, a trinaphthyl group, a heptaphenyl group,
a pyranthrenyl group, a pyridinyl group, a pyrazinyl group,
a pyridazinyl group, a pyrimidinyl group, a triazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a naphthyridinyl group, an
acridinyl group, a phenazinyl group, a benzoquinolinyl
group, a benzoisoquinolinyl group, a phenanthridinyl group,
a phenanthrolinyl group, a benzoquinony! group, a cumari-
nyl group, an anthraquinonyl group, a fluorenonyl group, a
furanyl group, a thienyl group, a silolyl group, a benzofura-
nyl group, a benzothienyl group, a benzosilolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a pyrrolyl group, an indolyl group, an
isoindolyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, an imidazolyl group, a
benzimidazolyl group, a pyrazolyl group, a triazolyl group,
a tetrazolyl group, an indazolyl group, an oxazolyl group, an
isoxazolyl group, a benzoxazolyl group, a benzisoxazolyl
group, a thiazolyl group, an isothiazolyl group, a benzothi-
azolyl group, a benzisothiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, an imidazophenan-
thridinyl group, a benzimidazophenanthridinyl group, an
azadibenzofuranyl group, an azacarbazolyl group, an
azadibenzothienyl group, a diazadibenzofuranyl group, a
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diazacarbazolyl group, a diazadibenzothienyl group, a xan-
thoneny! group, a thioxanthonyl group, or any combination
thereof.

[0054] For example, L, L,, and L, may each indepen-
dently be:
[0055] a single bond, a benzene group, a biphenyl group,

a terphenyl group, or a tetraphenyl group; or

[0056] a benzene group, a biphenyl group, a terphenyl
group, or a tetraphenyl group, each substituted with at least
one deuterium, —F, —Cl, —Br, —1I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a C,-C;, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a biphenyl
group, a terphenyl group, or any combination thereof.

[0057] For example, L, L,, and [,;; may each indepen-

dently be a single bond or a group represented by Formulae
3-1 to 3-7 below:

31
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(Z32)aa

(Z33)a4

37

[0058]
[0059]

In Formulae 3-1 to 3-7,

74, 10 755 may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclopenteny! group, a cyclohexenyl group, or —Si(Q5;)

(Q32)Qs5),

[0060] d4 may be an integer from O to 4,

[0061] Q;, to Q;; may each independently be hydrogen,
deuterium, a C,-C,, alkyl group, a C,-C,,, alkoxy group, a
phenyl group, or a biphenyl group, and

[0062] * and * each indicate a binding site to a neighbor-
ing atom.
[0063] The designations al, a2, and all in Formulae 1 and

2 may each independently be an integer from 1 to 5. al
represents the number of groups represented by L, and
when al is 2 or more, L,(s) in the number of al may be
identical to or different from each other, a2 represents the
number of groups represented by L,, and when a2 is 2 or
more, [,(S) in the number of a2 may be identical to or
different from each other, and all represents the number of
groups represented by L, ;, and when all is 2 or more, L (5)
in the number of all may be identical to or different from
each other.

[0064] For example, al, a2, and all may each be an
integer from 1 to 2, but embodiments of the present disclo-
sure are not limited thereto.

[0065] In Formulae 1 and 2, Ar, and Ar;, may each
independently be a substituted or unsubstituted C5-Cg, car-
bocyclic group, wherein Ar, is not a triphenylene group or
a fluorene group connected at the 9% position.

[0066] Forexample, Ar, and Ar,, may each independently
be:
[0067] a phenyl group, a pentalenyl group, an indenyl

group, a naphthyl group, an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthyl group, a phenale-
nyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, a biphenyl group, a terphenyl group, a fluo-
ranthenyl group, a pyrenyl group, a chrysenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
pentacenyl group, a tetraphenyl group, a hexaphenyl group,
a hexacenyl group, a rubicenyl group, a trinaphthyl group, a
heptaphenyl group, or a pyranthrenyl group; or
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[0068] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthyl group, a phenale-
nyl group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, a biphenyl group, a terphenyl group, a fluo-
ranthenyl group, a pyrenyl group, a chrysenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
pentacenyl group, a tetraphenyl group, a hexaphenyl group,
a hexacenyl group, a rubicenyl group, a trinaphthyl group, a
heptaphenyl group, or a pyranthrenyl group, each substituted
with at least one deuterium, —F, —Cl, —Br, —1, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
C,-C5, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a pentalenyl group, an indenyl group, a naphthyl group, an
anthracenyl group, an azulenyl group, a heptalenyl group, an
acenaphthyl group, a phenalenyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthreny! group, a biphenyl group, a
terphenyl group, a fluorantheny! group, a pyrenyl group, a
chrysenyl group, a picenyl group, a perylenyl group, a
pentaphenyl group, a pentacenyl group, a tetraphenyl group,
a hexaphenyl group, a hexacenyl group, a rubicenyl group,
a trinaphthyl group, a heptaphenyl group, a pyranthrenyl
group, or any combination thereof.

[0069] Forexample, Ar, and Ar,; may each independently
be:
[0070] a phenyl group, a naphthyl group, a fluorenyl

group, a spiro-bifluorenyl group, a biphenyl group, a ter-
phenyl group, or a tetraphenyl group; or

[0071] a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-bifluorenyl group, a biphenyl group, a tet-
phenyl group, or a tetraphenyl group, each substituted with
at least one deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
C,-C5, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a biphenyl group, a terphenyl group, or any combination
thereof.

[0072] Forexample, Ar, and Ar,, may each independently
be a group represented by Formulae 4-1 to 4-9 below:
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[0073] In Formulae 4-1 to 4-9,
[0074] Y, may be C(Z;5)(Zss):
[0075] Z,, to Z,; may each independently be hydrogen,

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, or —Si(Q3;)(Q3,)(Qs3);

[0076] 3 may be an integer from O to 3,
[0077] e4 may be an integer from O to 4,
[0078] e5 may be an integer from 0 to 5,
[0079] 7 may be an integer from 0 to 7,
[0080] Q, to Q;; may each independently be hydrogen,

deuterium, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, or a biphenyl group, and

[0081] * indicates a binding site to a neighboring atom.
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[0082] For example, a moiety represented by

(Re)ne

*—(La)a \ /

Lia Ar
nl

may be a group represented by one of Formulae 5-1 to 5-22
below, but embodiments of the present disclosure are not
limited thereto:
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-continued

5-22

In Formulae 5-1 to 5-22,

[0083] Y5, may be C(Zs5)(Zss):

[0084] 7., to Zs, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, or —Si(Q;,)(Q32)(Qs5)

[0085] 3 may be an integer from 0 to 3
[0086] {4 may be an integer from 0 to 4
[0087] {5 may be an integer from O to 5,
[0088] {7 may be an integer from 0 to 7,
[0089] Q;, to 33 may each independently be hydrogen,

deuterium, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, or a biphenyl group, and

[0090] * indicates a binding site to a neighboring atom.
[0091] In Formulae 1 and 2, R; to R4 may each indepen-
dently be a group represented by Formula 2, hydrogen,
deuterium, —F, —Cl, —Br, —I, a cyano group, a substi-
tuted or unsubstituted C,-C, alkyl group, a substituted or
unsubstituted C,-C, alkenyl group, a substituted or unsub-
stituted C,-C,, alkynyl group, a substituted or unsubstituted
C,-Cq, 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
-Ceo alkylaryl group, a substituted or unsubstituted
-Cso arylalkyl group, a substituted or unsubstituted
-Ceo arylalkyloxy group, a substituted or unsubstituted
-Cg, arylalkylthio group, a substituted or unsubstituted
-Cgo arvlalkenyl group, a substituted or unsubstituted
-Cgo arylalkynyl group, a substituted or unsubstituted
Cs-Cgp aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted C,-Cy, alkyl-
heteroaryl group, a substituted or unsubstituted C,-Cg,
heteroaryloxy group, a substituted or unsubstituted C,-Cy,
heteroarylthio group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, —Si(Q;)(Q,)(Q5), or —N(Q)(Qy),
[0092] b3, b5, and b6 may each independently be an
integer from O to 4,

[0093] b2 may be an integer from 0 to 3,

OO0
IR S R RN |

Jul. 2, 2020

[0094] any two adjacent groups among R,, R,, R5(s) in the
number of b3, R,(s) in the number of b4, R(s) in the number
of b5, and Ry(s) in the number of b6 may optionally be
linked to each other to form a substituted or unsubstituted
C,-C,, carbocycelic group or a substituted or unsubstituted
C,-C5, heterocyclic group.

[0095] Forexample, R, to R may each independently be:
hydrogen, deuterium, —F, —Cl, —Br, —]I, a cyano group,
a C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, a C,-C,, alkyl group, a C,-C,, alkenyl
group, a C,-C,, alkynyl group, a C,-C,, alkoxy group, a
phenyl group, or a naphthyl group, each substituted with at
least one deuterium, —F, —Cl, —Br, —I, a cyano group, a
phenyl group, a bipheny! group, a terphenyl group, or any
combination thereof.

[0096] For example, R, and R, may each independently
be: hydrogen, a C,-C,, alkyl group, a phenyl group, a
naphthyl group, C,-C,, alkyl group, a phenyl group, or a
naphthyl group, each substituted with at least one deuterium,
—F, —Cl, —Br, —I, a cyano group, a phenyl group, a
biphenyl group, a terphenyl group, or any combination
thereof.

[0097] For example, R, to R, may each independently be
hydrogen, a C,-C,, alkyl group, or a phenyl group.

[0098] Forexample, when any two adjacent groups among
R,, R,, R5(s) in the number of b3, R,(s) in the number of b4,
Rs(s) in the number of b5, and R(s) in the number of b6
may optionally be linked to each other to form a C5-Cs,
carbocyclic group or a C,-C,, heterocyclic group, the
C5-Cy, carbocyclic group or the C,-C,, heterocyclic group
does not include any substituent other than hydrogen.

[0099] In Formulae 1 and 2, nl may be an integer from 1
to 5.

[0100] For example, nl may be 1 or 2.

[0101] In one or more embodiments, the group repre-

sented by Formula 1 may be represented by Formula 1A
below:

Formula 1A

[0102]

In Formula 1A,

[0103] L,, L, al, a2, Ar;, R, to R, b3 to b6, and nl may
each be understood by referring to descriptions thereof
provided herein.

[0104] In one or more embodiments, the condensed cyclic
compound represented by Formula 1 may be a group rep-
resented by one of Formulae 1-1 to 1-8 below:
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Formula 1-1
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Formula 1-6
(Re)vs
L2z \ /
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Formula 1-7
Larf— A
nl
Formula 1-8

(Ra)p3™

[0105] In Formulae 1-1 to 1-8,

[0106] L, L, al, a2, Ar;, R, to Ry, b3 to b6, and nl may
each be understood by referring to descriptions thereof
provided herein,

[0107] 7, and 7, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a C;-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, or —Si(Q;)(Q32)(Qs3),

[0108] c4 may be an integer from O to 4,

[0109] c¢7 may be an integer from O to 7,

[0110] <8 may be an integer from O to 8, and

[0111] Q;, to Q55 and may each independently be hydro-

gen, deuterium, a C,-C,,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, or a biphenyl group.

[0112] For example, the condensed cyclic compound rep-
resented by Formula 1 may not include an ortho-phenyl
group, but embodiments of the present disclosure are not
limited thereto.

[0113] For example, the condensed cyclic compound rep-
resented by Formula 1 may include m-phenyl moieties in the
number of 6 or less.

[0114] For example, the condensed cyclic compound rep-
resented by Formula 1 may not include a hetero atom, but
embodiments of the present disclosure are not limited lim-
ited thereto.
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[0115] For example, the condensed cyclic compound rep-
resented by Formula 1 may have an asymmetric structure
with respect to a fluorene group, but embodiments of the
present disclosure are not limited thereto.

[0116] For example, the glass transition temperature (T,)
of the condensed cyclic compound represented by Formula

1 may be 140° C. or less. For example, T, of the condensed

cyclic compound is not particularly limited, but may be 130°
C. or less, 60° C. or more, and 100° C. or more.

[0117] In one or more embodiments, the condensed cyclic
compound represented by Formula 1 may be of Compounds
1 to 60 below, but embodiments of the present disclosure are
not limited thereto:
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-continued
60

[0118] For example, the condensed cyclic compound may
be Compound 43 or 44, but embodiments of the present
disclosure are not limited thereto.

[0119] Thus, the condensed cyclic compound has the
balance between the highest occupied molecular orbital
(HOMO) level and the lowest unoccupied molecular orbital
(LUMO) level and the balance of the carrier mobility
between electrons and holes. As a result, since, with respect
to the layer including the condensed cyclic compound, a
portion in which charges recombine and a portion in which
excitons are generated are dispersed, and loads are dis-
persed, the lifespan of the organic light-emitting device is
improved.

[0120] In addition, due to the inclusion of a phenyl group
or a naphthyl group as Ar,, the condensed cyclic compound
has low glass transition temperature (T,) and high triplet
excitation energy. Accordingly, luminescent efficiency and
light-emission lifespan thereof are improved and the
removal of volatile impurities in the drying process may be
promoted.

[0121] T, may be for example, from about 50° C. to about
120° C., for example, about 60° C. to about 110° C., or for
example, about 60° C. to about 100° C.

[0122] The triplet excitation energy may be, for example,
about 2.4 eV or more, for example, about 2.5 eV or more, or
for example, about 2.6 €V or more.

[0123] In addition, regarding the condensed cyclic com-
pound, when al and a2 are each 1, L, and L, are each a
single bond, and nl is 1, Ar, is not a fluorene group,
Therefore, although the available conformation number is
relatively reduced, condensed cyclic groups with large
r-planes interact less, leading to a decrease in the aggrega-
tion of molecules, a longer pot life of the solution, or a lower
glass transition temperature. Accordingly, the removal of
volatile impurities in the drying process is promoted, and the
light-emission lifespan is prolonged.

[0124] In addition, the condensed cyclic compound does
not include a fluorene group linked at the 9% position as Ar, .
Here, the 9” position refers to a portion indicated by a dotted
line in the following fluorene group.

19
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[0125] Since the fluorene group linked at the 9™ position
does not have a  conjugate effect, an electron conduction
level close to the LUMO or the LUMO is not formed, and
only a glass transition temperature may be increased. That is,
when the fluorene group linked at the 97 position is
included, it is difficult to remove the volatile impurities and
a light-emission lifespan may be reduced.

[0126] The condensed cyclic compound includes two or
more meta phenyl moieties. As a result, the number of
conformations that a molecule can have is increased, and the
aggregation by the interaction between molecules may be
further reduced.

[0127] For example, the condensed cyclic compound rep-
resented by Formula 1 may include m-phenyl moieties in the
number of 6 or less. Thus, the glass transition temperature is
adjusted not to be lower than a certain level.

[0128] The condensed cyclic compound represented by
Formula 1 may not optionally include a heteroatom. When
the condensed cyclic compound contains a heteroatom, at
least one of the HOMO and LUMO energy levels changes,
and thus, the injectability or transportability of holes or
electrons is likely to be enhanced, resulting in focusing of'a
load at the interface between an emission layer and a layer
adjacent thereto and a shorter light-emission lifespan.
[0129] The condensed cyclic compound represented by
Formula 1 may not optionally include o-terphenyl group.
Due to the absence of the group, a light-emission lifespan
may be increased.

[0130] The condensed cyclic compound represented by
Formula 1 may be used in an organic layer between a pair
of electrodes of an organic light-emitting device. For
example, the condensed cyclic compound represented by
Formula 1 may be included in an emission layer, and may be
suitable as a host.

[0131] The condensed cyclic compound represented by
Formula 1 may provide high luminescent efficiency and
luminance lifespan. The reason for this is considered to be
that the condensed cyclic compound represented by Formula
1 has a low glass transition temperature, a low LUMO level,
and good balance of carrier mobility between electrons and
holes.

[0132] In addition, the condensed cyclic compound rep-
resented by Formula 1 is difficult to precipitate in the
solution, and the pot life of the solution is enhanced. Thus,
even when a wet film-forming method is used, the con-
densed cyclic compound may provide an organic light-
emitting device having high luminescent efficiency and
light-emission lifespan.

[0133] The condensed cyclic compound represented by
Formula 1 may be synthesized by using a known organic
synthetic method. For example, the condensed cyclic com-
pound represented by Formula 1 may be synthesized by
Suzuki-Miyaura coupling reactions. A synthesis method for
the condensed cyclic compound represented by Formula 1
would be apparent to those of ordinary skill in the art by
referring to the following examples.

Composition

[0134] Hereinafter, a composition according to an
embodiment will be described in detail as follows.

[0135] The composition may include at least one of the
condensed cyclic compound represented by Formula 1.
[0136] The condensed cyclic compound represented by
Formula 1 may be used in an organic layer between a pair
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of electrodes of an organic light-emitting device. For
example, the condensed cyclic compound represented by
Formula 1 may be included in an emission layer, and may be
suitable as a host.

[0137] The condensed cyclic compound may provide high
luminance efliciency and luminance lifespan. The reason for
this is considered to be that the condensed cyclic compound
represented by Formula 1 has a low glass transition tem-
perature, a low LUMO level, and good balance of carrier
mobility between electrons and holes.

[0138] In addition, the condensed cyclic compound is
difficult to precipitate in the solution, and the pot life of the
solution is long. Thus, even when a wet film-forming
method is used, the condensed cyclic compound may pro-
vide an organic light-emitting device having high lumines-
cent efficiency and light-emission lifespan of the organic
light-emitting device.

[0139] For example, the composition may further include
a first compound containing a carbazole-based moiety.
[0140] For example, the composition may further include
a second compound containing an azine-based moiety.
[0141] For example, the composition may further include
a luminescent material.

[0142] For example, the composition may further include
one or more of a first compound including a carbazole-based
moiety, a second compound including an azine-based moi-
ety, and a luminescent material.

[0143] For example, the amount of the condensed cyclic
compound in the composition may be from about 5 wt % to
about 95 wt %, for example, about 10 wt % to about 90 wt
%, for example, about 20 wt % to about 80 wt %, based on
the total weight of the composition.

[0144] Within these ranges, the solubility of the condensed
cyclic compound is further improved, and precipitation
thereof is less likely to occur in the solution, resulting in a
longer pot life of the solution. Further, the luminescent
efficiency and light-emission lifespan of organic light-emit-
ting devices are improved.

[0145] Hereinafter, the luminescent material, and the first
compound and the second compound will be described in
detail.

[0146] The first compound includes a carbazole-based
moiety as described above. That is, the composition accord-
ing to ant embodiment of the present disclosure may contain
a carbazole-based moiety to further increase the effect of
inhibiting aggregation of molecules, and also to improve the
balance of carrier mobility between electrons and holes.
Thus, the solubility of the composition is further increased,
and precipitation hardly occurs in the solution, and thus, the
pot life of the solution may be prolonged. Further, the
luminescent efficiency and light-emission lifespan of
organic light-emitting devices are improved.

[0147] For example, the composition may further include
a first compound represented by Formula 9 and a second
compound represented by Formula 10:

Formula 9
Rsp
|
X. N X
51 58
4 N
Xs2 \ / /X57
\
K53y 9 < erss
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-continued
Formula 10>

[0148] In Formulae 9 and 10,

[0149] X, may be N or C(Ry)); X5, may be N or C(Rs,);
X5 may be N or C(Rs;); X5, may be N or C(Ry,); Xs5 may
be N or C(Rs5); X5, may be N or C(Rs¢); X, may be N or
C(Rs7); Xs5 may be N or C(Rsy);

[0150] X, may be N or C(Rg,); X4, may be N or C(Ry,);
Xg; may be N or C(Ry;); X5, may be N or C(Rg,); X5 may
be N or C(Ry;); and X may be N or C(R,), and at least one
of X, to X¢ may be N;

[0151] R, to Rsg and Ry, to R may each independently
be hydrogen, deuterium, a substituted or unsubstituted
Ce-Ceo aryl group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, or a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group,

[0152] Rs, may be a substituted or unsubstituted C4-Cg,
aryl group, a substituted or unsubstituted C,-C, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, and at least one Ry, to Ry, may be a
substituted or unsubstituted C,-Cy, aryl group, a substituted
or unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group.

[0153] For example, any two adjacent groups among Ry,
to Rsg and Ry, to Rg4 in Formulae 9 and 10 may optionally
be linked to each other to form a ring, but embodiments of
the present disclosure are not limited thereto.

[0154] The first compound represented by Formula 9 may
be, for example, represented by Formula 9-1 below:

Formula 9-1
Rz R
\
N, .. N
J\ AT
(R7l)b7l// \\(Rn)m-
[0155] In Formula 9-1,

[0156] ring A,, may be a substituted or unsubstituted
Cs-Cgo carbocyclic group or a substituted or unsubstituted
C,-Cq, heterocyclic group,

[0157] R, to R,, may each independently be hydrogen,
deuterium, a substituted or unsubstituted C4-Cy, aryl group,
a substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, and
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[0158] b71 and b72 may each independently be an integer
from 0 to 4.

[0159] The first compound represented by Formula 9 may
be, for example, represented by Formula 9-2 below:

Formula 9-2

\ (Re2)es2
\/\j

_(le)aslt

(Rea)osy
(R81)b81/

[0160] In Formula 9-2,

[0161] L,, may be a single bond, a substituted or unsub-
stituted C¢-Cq,, aryl group, a substituted or unsubstituted
C,-C, heteroaryl group, a substituted or unsubstituted diva-
lent non-aromatic condensed polycyclic group, or a substi-
tuted or unsubstituted divalent non-aromatic condensed het-
eropolycyclic group,

[0162] a81 may be an integer from 1 to 5,

[0163] Ry, to Ry may each independently be hydrogen,
deuterium, a substituted or unsubstituted C4-Cg, aryl group,
a substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, or a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group,

[0164] b81 and b83 may each independently be an integer
from 0 to 4, and

[0165] b2 and b84 may each independently be an integer
from 0 to 4.

[0166] For example, the first compound may be com-
pounds represented by Formulae H1-1 to H1-13, H2-1 to
H2-34, and H3-1 to H3-3 below:

(H1-1)

O 0
000

O
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v
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[0167] The first compound including a carbazole-based
moiety other than the compound represented by Formula 9
is not limited to the above-described example compounds.
For example, the first compound may be known carbazole
derivatives disclosed in paragraphs [0095] to [0104] of US
Patent Publication No. US2016/0093808, Japanese Patent
Laid-Open Publication No. 2014-509067 and the like may

Z =

A [

QO

Jul. 2, 2020

be used in the present disclosure, and are each herein
incorporated by reference. The carbazole derivatives
described in these references may also be used as a ground
for corrections herein.

[0168] For example, the second compound may be a
compound represented by Formulae Azl to Az38 below:

Q
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-continued

[0169]

The first compound may have the lowest HOMO
level, except for the luminescent material (dopant) among
the compounds contained in the composition. Therefore, the
first compound has a high hole injection capability and/or a
high hole transport capability.

[0170] Accordingly, by adjusting the ratio of the first
compound in the composition, the hole injection capability
and/or hole transport capability of the composition may be
controllable. Thus, the amount of holes in an emission layer
of an organic light-emitting device including the composi-
tion and a hole density profile in the thickness direction of
the emission layer may be easily controlled.

[0171] When the composition further includes the first
compound, the difference (AHOMO) (hole trap depth)
between the HOMO level (HOMO,) of the compound of the
condensed cyclic compound represented by Formula 1 and
the HOMO level (HOMO,,) of the first compound may be
obtained from Equation 1. Herein, HOMO, and HOMO,
are both negative.

AHOMO=HOMO - HOMO, Equation 1

[0172] AHOMO may be, for example, about 0.05 eV to
about 1.0 eV, for example, about 0.10 eV to about 0.8 eV, or,
for example, about 0.15 eV to about 0.7 eV.

[0173] FIG. 1 shows a diagram illustrating an exemplary
energy level relationship between a condensed cyclic com-
pound represented by Formula 1 and a first compound
including a carbazole group in a composition according to
an embodiment. Referring to FIG. 1, it can be seen the
relationship between HOMO, and HOMO,,. Within this
range, the luminescent efficiency and light-emission lifespan
of the organic light-emitting device are further improved.

[0174] The second compound has the deepest LUMO
level among the compounds contained in the composition.
Therefore, the second compound has a high electron injec-
tion capability and/or a high electron transport capability.

[0175] Accordingly, by adjusting the ratio of the second
compound in the composition, the electron injection capa-
bility and/or electron transport capability of the composition
may be controllable. Thus, the amount of electrons in an
emission layer of an organic light-emitting device including
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the composition and an electron density profile in the
thickness direction of the emission layer may be easily
controlled.

[0176] When the composition further includes the second
compound, the difference (ALUMO) (electron trap depth)
between the LUMO level (LUMO,) of the condensed cyclic
compound represented by Formula 1 and the LUMO level
(LUMO,,,,..) of the second compound may obtained from

Equation 2. Herein, LUMO, and LUMO ;. are both nega-
tive.

ALUMO=LUMO,-LUMO, ... Equation 2
[0177] ALUMO may be, for example, about 0.05 eV to

about 1.0 eV, for example, about 0.05 eV to about 0.5 eV, or,
for example, about 0.05 eV to about 0.3 eV.

[0178] FIG. 2 shows a diagram illustrating an exemplary
energy level relationship between a condensed cyclic com-
pound represented by Formula 1 and a second compound
including an azine group in a composition according to an
embodiment. Referring to FIG. 2, it can be seen the pre-
ferred relationship between LUMO, and LUMO,_ .
Within this range, the luminescent efficiency and light-
emission lifespan of the organic light-emitting device are
further improved.

[0179] When the composition includes the condensed
cyclic compound and the first compound, the composition
may be excellent in terms of the hole injection capability
and/or the hole transport capability, and the composition
may be used in a hole injection layer, hole transport layer
and/or emission layer of an organic light-emitting device.

[0180] When the composition includes the condensed
cyclic compound and the second compound, the composi-
tion may be excellent in terms of the electron injection
capability and/or the electron transport capability, and the
composition may be used in an electron injection layer,
electron transport layer and/or emission layer of an organic
light-emitting device.

[0181] When the composition includes the condensed
cyclic compound, the first compound, and the second com-
pound, the composition may be excellent in terms of the hole
injection capability, the hole transport capability, the elec-
tron injection capability and/or the electron transport capa-
bility, and the composition may be used in a hole injection
layer, hole transport layer, electron injection layer, electron
transport layer and/or emission layer of an organic light-
emitting device.

[0182] In one or more embodiments, the composition may
include the first compound and the second compound, but
embodiments of the present disclosure are not limited. When
the composition includes the first compound and the second
compound together, the control of the hole and the control
of the electron may be performed independently. Therefore,
a high level of process convenience may be provided in the
process of optimizing the performance of the organic light-
emitting device using such a composition.

[0183] The condensed cyclic compound represented by
Formula 1 in the composition may be a wide band gap host.
Therefore, the luminescent efficiency and light-emission
lifespan of the organic light-emitting device may be further
improved.

[0184] The composition may further include a lumines-
cent material.
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[0185] The luminescent material is not particularly limited
as long as it has a luminescent function, and may be a
fluorescent dopant, a phosphorescent dopant, a quantum dot,
or the like.

[0186] The fluorescent dopant may be a compound
capable of emitting light from a singlet exciton, and
examples thereof include a perylene or a derivative thereof,
a rubrene or a derivative thereof, a coumarin or a derivative
thereof, and a 4-dicyanomethylene-2-(p-dimethylaminos-
tyryl)-6-methyl-4H-pyran (DCM) or a derivative thereof,
but embodiments of the present disclosure are not limited
thereto.

[0187] The phosphorescent dopant may be compound
capable of emitting light from a triplet exciton, and may be
an organometallic compound. For example, phosphorescent
dopant may be an iridium complex, such as bis[2-(4,6-
difluorophenyl)pyridinate] picolinate iridium (IIT) (Flrpic),
bis(1-phenylisoquinoline)(acetylacetonate) iridium (IIT) (Ir
(piq),(acac)), tris(2-phenylpyridine) iridium (IIT) (Ir(ppy); ),
tris(2-(3-p-xylyl)phenyl)pyridine iridium (IIT) (dopant), or
the like, an osmium complex, or a platinum complex, but
embodiments of the present disclosure are not limited
thereto.

[0188] For example, the phosphorescent dopant may be a
phosphorescent platinum group metallic complex. The plati-
num group metal is referred as a generic term of ruthenium
(Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium
(Ir), and platinum (Pt). In particular, a phosphorescent
iridium (Ir) complex and a phosphorescent platinum (Pt)
complex are more preferable.

[0189] For example, the phosphorescent dopant may
include one or more ligand groups represented by Formulae
L1 to L17 below:

L1
/X12=X11
X
X7y~ P
e
=X
XEY o
X5
Lol
Xi9 21
7
X2
12
L3
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_continued [0195] For example, the phosphorescent dopant may be of

L15 Compounds D1 to D143 below:
X13=X1\2

I

L16

\ N \ D2

=

L17

/

[0190] In Formulae L1 to L17, D4
[0191] X, to X,; may each independently be C(R,,) or Y,

[0192] X;, may be B(R,,), Y(Ry,). P(Ry,), O, S, Se, B ]
C=0, S=0, S0,, C(R,5)Ry3), Si(R,,)(R,3), or Ge(R,,) |
(R23)s

[0193] R, to R,, may each independently be hydrogen, ™~
deuterium, halogen, a substituted or unsubstituted C,-Cg, /
alkyl group, a substituted or unsubstituted C,-Cg,, cycloalkyl
group, a substituted or unsubstituted C,-Cg, heteroalkyl
group, a substituted or unsubstituted C,-Cg, aryl alkyl L
group, a substituted or unsubstituted C,-C, alkoxy group, a D5
substituted or unsubstituted C,-Cg,, aryloxy group, an amino @
group, a silyl group, a substituted or unsubstituted C,-Cy,

alkenyl group, a substituted or unsubstituted C;-Cg, —(® -
cycloalkenyl group, a substituted or unsubstituted C,-Cy, AN
heteroalkeny! group, a substituted or unsubstituted C,-Cg, |
alkynyl group, a substituted or unsubstituted C4-Cg, aryl NN
group, a substituted or unsubstituted C,-C,, heteroaryl Ir
group, an acyl group, a carbonyl group, a carboxylic acid
group, an ester group, a nitrite group, an isonitrile group, a
sulfonyl group, a sulfinyl group, or a phosphine group, and

\/

[0194] any two adjacent groups among R,, to R, may be - @
condensed or combined to each other to form a ring.
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[0196] The phosphorescent dopant, is not limited to the
above-described example compound, and may be any
known phosphorescent platinum group metal complexes
described in, for example, paragraphs [0105] to [0113] of
US Patent Publication No. 2016/0093808, Japanese Patent
Application Publication No. 2014-509067, and the like, and
each are herein incorporated in the present disclosure. The
phosphorescent platinum group metal complexes described
in these references may also be used as a ground for
corrections herein.

[0197] The quantum dot may be a nanoparticle of a II-VI
group semiconductor compound, a I11-V group semiconduc-
tor compound, or a IV-VI group semiconductor compound.
For example, the quantum dot may be CdO, CdS, CdSe,
CdTe, ZnO, ZnS, ZnSe, ZnTe, HgS, HgSe, HgTe, MgSe,
MgS CdSeS, CdSeTe, CdSTe, 7ZnSeS, ZnSeTe, ZnSTe,
HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe, CdZnTe,
CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe, HgZnTe,
MgZnSe, MgZnS, GaY, GaP, GaAs, ALY, AlP, AlAs, InY,
InP, InAs, InSb, GaYP, GaYAs, GaYSb, GaPAs, GaPSh,
AIYP, ATYAs, ATYSb, AIPAs, AIPSb, InYP, InYAs, InPAs,
InPSb, GaAIYP, SnS, SnSe, SnTe, PbS, PbSe, PbTe, SnSeS,
SnSeTe, SnSTe, PbSeS, PbSeTe, PbSTe, SnPbS, SnPbSe,
SnPbTe, or the like, but embodiments of the present disclo-
sure are not limited thereto. In addition, a particle diameter
of the quantum dot is not particularly limited, but may be,
for example, in a range of about 1 nm to about 20 nm. The
quantum dot may have a single-core structure or a core-shell
structure.

[0198] The amount of luminescent material in the com-
position may be, based on 100 parts by weight of the
condensed cyclic compound represented by Formula 1 or
Formula 2 functioning as a host material, from about 0.5
parts by weight to about 50 parts by weight, for example,
from about 1 part by weight to about 30 parts by weight. or,
for example, about 2 parts by weight to about 25 parts by
weight.

[0199] The amount of luminescent material in the com-
position may be, based on 100 parts by weight of the total
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weight of the condensed cyclic compound represented by
Formula 1 or Formula 2 functioning as a host material, the
first compound, and the second compound, from about 0.5
parts by weight to about 50 parts by weight, for example,
from about 1 part by weight to about 30 parts by weight, or,
for example, about 2 parts by weight to about 25 parts by
weight.

[0200] Within these ranges, the solubility of the compo-
sition is further increased, and precipitation is minimized in
the solution, and thus, the pot life of the solution may be
prolonged. Further, the luminescent efficiency and light-
emission lifespan of organic light-emitting devices are
improved.

[0201] For example, the composition may include the
condensed cyclic compound, the first compound, the second
compound, and the luminescent material (e.g., phosphores-
cent dopant).

[0202] FIG. 3 shows a diagram illustrating an exemplary
energy level relationship among a condensed cyclic com-
pound represented by Formula 1, a second compound
including an azine group, and a phosphorescent platinum
group metal complex in a composition according to an
embodiment. FIG. 4 shows a diagram illustrating an exem-
plary energy level relationship among a condensed cyclic
compound represented by Formula 1, a first compound
including a carbazole group, a second compound including
an azine group, and a phosphorescent platinum group metal
complex in a composition according to an embodiment.
[0203] As shown in FIG. 3, LUMO (LUMO,) of the
condensed cyclic compound represented by Formula 1 or
Formula 2 is shallower than LUMO (LUMO,,,.) of the
second compound. In addition, the HOMO (HOMQO,) of the
condensed cyclic compound represented by Formula 1 or 2
is deeper than the HOMO (HOMO,,,) of the first compound.
In addition, the hole mobility of the condensed cyclic
compound represented by Formula 1 is lower than that of the
first compound.

[0204] Referring to FIG. 4, LUMO, is shallower than
LUMO,,,,... HOMOQ, is deeper than HOMO,.,. In addition,
the hole mobility of the condensed cyclic compound repre-
sented by Formula 1 is lower than that of the first compound.
[0205] Therefore, when the composition including the
condensed cyclic compound represented by Formula 1, a
hole transport host material such as a first compound, an
electron transport host material such as a second compound,
and the phosphorescent luminescent metal complex of plati-
num group is included in the emission layer, the following
mechanism would occur.

[0206] First, electrons are trapped in the deepest
LUMO,_.,.. in an organic layer including the composition.
However, the trapped electrons are detrapped in LUMO,, and
continue to move. Therefore, in the organic layer, electrons
move by the repetition of the trapping and the detrapping,
and the electron mobility decreases. This is the same as the
embodiment illustrated in FIG. 3.

[0207] Meanwhile, holes are trapped in HOMO (HO-
MO, ) of phosphorescent luminescent metal complexes.
The trapped holes are then detrapped in HOMO,, to resume
their movement. In addition, the condensed cyclic com-
pound represented by Formula 1 is present in the organic
layer at a certain ratio.

[0208] The composition may further include a solvent.
[0209] For example, the solvent may have a boiling point
of about 100° C. or higher and about 350° C. or lower at
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101.3 kPa (1 atm). For example, the boiling point of the
solvent may be about 150 D or more and about 320 D or less,
for example about 180 D or more and about 300 D or less.

[0210] The amount of the solvent in the composition is not
particularly limited. For example, the concentration of the
condensed cyclic compound in the composition may be
about 0.05 wt % or more and about 10 wt % or less, for
example, about 0.1 wt % or more and about 6 wt % or less.
When the concentration of the condensed cyclic compound
is within the above range, it is preferable in terms of
solubility, and precipitation is unlikely to occur in the
solution, and the pot life of the solution is improved.

[0211] For example, the concentration of other compounds
(for example. the first compound, the second compound, the
phosphorescent luminescent metal complex, etc.), which are
different from the condensed cyclic compound, in the com-
position, may be about 0.05 wt % or more and about 10 wt
% or less, and, for example, about 0.1 wt % or more and
about 6 wt % or less. When the concentration of the other
compounds is within the above range, it is preferable in
terms of solubility, and precipitation is unlikely to occur in
the solution, and the pot life of the solution is improved.

[0212] The solvent is not particularly limited, so long as it
is capable of dissolving the condensed cyclic compound
represented by Formula 1 and/or the first compound repre-
sented by Formula 9. For example, the solvent may be
octane, nonane, decane, undecane, dodecane, toluene,
xylene, benzonitrile, 3-methylbenzonitrile, dimethylacet-
amide, N-methylpyrrolidone, N,N-dimethyl formamide,
dimethylsulfoxide, hexamethylphosphoric acid triamide,
phenyleyclohexane, tetrahydronaphthalene, ethylbenzene,
n-propylbenzene, isopropylbenzene, diethylbenzene, mesi-
tylene, propylbenzene, n-butylbenzene, sec-butylbenzene,
1-phenylpentane, 2-phenylpentane, 3-phenylpentane, phe-
nylcyclopentane, 2-ethylbiphenyl, 3-ethylbiphenyl, cyclo-
hexylbenzene, dimethoxybenzene, 1,4-dioxane, 1,2-di-
ethoxyethane, diethyleneglycol dimethyl ether,
diethyleneglycol diethyl ether, ethoxybenzene, 3-methyla-
nisole, m-dimethoxybenzene, 2-hexanone, 3-hexanone,
cyclohexanone, 2-heptanone, 3-heptanone, 4-heptanone,
cycloheptanone, butylacetate, butylpropionate, heptylbu-
tyrate, propylenecarbonate, anisole, ethoxytoluene, phe-
noxytoluene, isopropylbiphenyl, dimethylanisole, phenyl
acetate, phenyl propionic acid, methyl benzoate, ethyl ben-
zoate, 1-propylbenzoate, 1-butylbenzoate, or the like, or any
combination thereof, but embodiments of the present dis-
closure are not limited thereto.

[0213] Thus, the composition may be used as a material
for a light-emitting device (for example, an organic light-
emitting device, a quantum dot light-emitting device, etc.).
Specifically, the composition may be used in an emission
layer, a charge injection layer, and/or a charge transport layer
of a light-emitting device. In one or more embodiments, the
composition may be used in an emission layer of a light-
emitting device. In one or more embodiments, the compo-
sition may be used when a light-emitting device is manu-
factured by using a solution coating method, wherein the
current efficiency and light-emission lifespan of the light-
emitting device may be maintained or improved.

Organic Light-Emitting Device

[0214] Hereinafter, an organic light-emitting device
according to an embodiment will be described in detail with
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reference to FIG. 5. FIG. 5 is a schematic cross-sectional
view of an organic light-emitting device according to an
embodiment.

[0215] An organic light-emitting device 100 according to
an embodiment includes a substrate 110, a first electrode 120
disposed on the substrate 110, a hole injection layer 130
disposed on the first electrode 120, a hole transport layer 140
disposed on the hole injection layer 130, an emission layer
150 disposed on the hole transport layer 140, an electron
transport layer 160 disposed on the emission layer 150, an
electron injection layer 170 disposed on the electron trans-
port layer 160, and a second electrode 180 disposed on the
electron injection layer 170.

[0216] The condensed cyclic compound represented by
Formula 1 may be included in, for example, at least one of
organic layers (e.g., at least one selected from the hole
injection layer 130, the hole transport layer 140, the emis-
sion layer 150, the electron transport layer 160, and the
electron injection layer 170) disposed between the first
electrode 120 and the second electrode 180. In detail, the
condensed cyclic compound represented by Formula 1 may
be included as a host in the emission layer 150. For example,
the condensed cyclic compound represented by Formula 1
may be included in other organic layers in addition to the
emission layer 150. For example, the condensed cyclic
compound represented by Formula 1 may be included as a
charge transport material in the hole injection layer 130
and/or the hole transport layer 140.

[0217] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers between the first
electrode and the second electrode of the organic light-
emitting device. The “organic layer” may include, in addi-
tion to an organic compound, an organometallic compound
including metal.

[0218] The expression “(an organic layer) includes at least
one condensed cyclic compound” used herein may include
a case in which “(an organic layer) includes identical com-
pounds represented by Formula 17 and a case in which “(an
organic layer) includes two or more different condensed
cyclic compounds represented by Formula 17,

[0219] For example, the organic layer may include only
Compound 1 as the condensed cyclic compound. In this
regard, Compound 1 may exist in an emission layer of the
organic light-emitting device. Or, the organic layer may
include Compound 1 and Compound 2 as the condensed
cyclic compound. In this regard, Compound 1 and Com-
pound 2 may exist in an identical layer (for example,
Compound 1 and Compound 2 all may exist in an emission
layer).

[0220] The substrate 110 may be any substrate that is used
in an organic light-emitting device according to the related
art. For example, the substrate 110 may be a glass substrate,
a silicon substrate, or a transparent plastic substrate, each
having excellent mechanical strength, thermal stability, sur-
face smoothness, ease of handling, and water resistance, but
embodiments of the present disclosure are not limited
thereto.

[0221] The first electrode 120 may be formed on the
substrate 110. The first electrode 120 may be, for example,
an anode, and may include a material with a high work
function to facilitate hole injection, such as an alloy or a
conductive compound. The first electrode 120 may be a
reflective electrode, a semi-reflective electrode, or a trans-
missive electrode. The first electrode 120 may have a
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single-layered structure or a multi-layered structure includ-
ing two or more layers. For example, the first electrode 120
may be a transparent electrode formed of indium tin oxide
(ITO), indium zinc oxide (IZO), tin oxide (SnO,), or zinc
oxide (ZnO), which has excellent transparency and conduc-
tivity. On the transparent first electrode 120, magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), calcium
(Ca), magnesium-indium (Mg—In), or magnesium-silver
(Mg—Ag) may be disposed, so as to form a reflective
electrode. In one or more embodiments, the first electrode
120 may have a three-layered structure of ITO/Ag/ITO, but
embodiments of the present disclosure are not limited
thereto.

[0222] The hole transport region may be disposed on the
first electrode 120.

[0223] The hole transport region may include at least one
a hole injection layer 130, a hole transport layer 140, an
electron blocking layer (not shown), a buffer layer (not
shown), or any combination thereof.

[0224] The hole transport region may include only either
a hole injection layer or a hole transport layer 140. In one or
more embodiments, the hole transport region may have a
hole injection layer/hole transport layer structure or a hole
injection layer/hole transport layer/electron blocking layer
structure, wherein for each structure, constituting layers are
sequentially stacked from the first electrode 120 in the stated
order.

[0225] The hole injection layer 130 may include, for
example, at least one poly(ether ketone)-containing triph-
enylamine (TPAPEK), 4-isopropyl-4'-methyldiphenyliodo-
nium tetrakis(pentafluorophenyl) borate (PPBI), Y,Y'-diphe-
nyl-Y,Y'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-

4 4-diamine (DYTPD), copper phthalocyanine, 4,4',4"-tris
(3-methylphenylphenylamino triphenylamine
(m-MTDATA), Y,Y'-di(1-naphthyl)-Y,Y'-diphenylbenzidine
(YPB), 4,4' A"-tris(diphenylamino) triphenylamine
(TDATA), 4,4'4"-tris(Y,Y-2-naphthylphenylamino) triph-
enylamine (2-TYATA), polyaniline/dodecylbenzenesul-
phonic acid (PAYI/DBSA), poly(3,4-ethylenedioxythio-
phene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/10-camphorsulfonic acid (PAYT/CSA), polyani-
line/poly(4-styrenesulfonate) PAYI/PSS), or any combina-
tion thereof.

[0226] The hole injection layer 130 may be formed to a
thickness in a range of about 10 nm to about 1,000 nm, for
example, about 10 nm to about 100 nm.

[0227] The hole transport layer 140 may include, for
example, at least one of a carbazole derivative, such as
1,1-bis[(di-4-tolylamino)phenyl]  cyclohexane (TAPC),
Y-phenylcarbazole, and polyvinylcarbazole, Y,Y'-bis(3-
methylphenyl)-Y,Y'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4,4'4"-tris(Y-carbazolyl) triphenylamine (TCTA),
Y,Y'-di(1-naphthy])-Y,Y'-diphenylbenzidine (YPB), and
poly(9,9-dioctyl-fluorene-co-Y-(4-butylphenyl)-diphe-
nylamine (TFB).

[0228] The hole transport layer 140 may be formed to a
thickness in a range of about 10 nm to about 1,000 nm, for
example, about 10 nm to about 150 nm.

[0229] The hole transport region may further include, in
addition to these materials, a charge-generation material for
the improvement of conductive properties. The charge-
generation material may be homogeneously or non-homo-
geneously dispersed in the hole transport region.
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[0230] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one a quinone
derivative, a metal oxide, and a cyano group-containing
compound, but embodiments of the present disclosure are
not limited thereto. Non-limiting examples of the p-dopant
are a quinone derivative, such as tetracyanoquinodimethane
(TCYQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoqui-
nodimethane (F4-TCYQ); a metal oxide, such as a tungsten
oxide or a molybdenum oxide; and a cyano group-contain-
ing compound, such as Compound HT-D1 or HT-D2 below,
but are not limited thereto:

N
N
N
N N oN
x
L
N N oN
N
N A
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F F
N N
N oN
F F
FA-TCNQ

k CN

HT-D2

[0231] Meanwhile, when the hole transport region
includes a buffer layer, a material for forming the buffer
layer may be a material for forming the hole transport region
described above and a material for a host to be explained
later. However, the material for forming the buffer layer is
not limited thereto.

[0232] Inaddition, when the hole transport region includes
an electron blocking layer, a material for forming the elec-
tron blocking layer may be a material for forming the hole
transport region described above and a material for a host to
be explained later. However, the material for forming the
electron blocking layer is not limited thereto. For example,
when the hole transport region includes an electron blocking
layer, a material for the electron blocking layer may be mCP.
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[0233] The emission layer 150 is formed on the hole
transport region. The emission layer 150 emits light by
fluorescence or phosphorescence. The emission layer 150
may include a host and/or a dopant, and the dopant may
include the condensed cyclic compound represented by
Formula 1. In addition, for use as the host and the dopant in
the emission layer 150, any known material may be used.

[0234] For example, the host may include (tris(8-quinoli-
nato)aluminium  (Alq,), 4,4'-bis(carbazol-9-yl)biphenyl
(CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naphthalene)
anthracene (ADY), 4,4',4"-tris(Y-carbazolyl)triphenylamine
(TCTA).  1,3,5-tris(Y-phenyl-benzimidazol-2-yl)benzene
(TPBi) 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADY), distyrylarylene (DSA), 4,4'-bis(9-carbazole)-2,
2'-dimethyl-bipheny (dmCBP), or the like, but embodiments
of the present disclosure are not limited thereto.

[0235] In one or more embodiments, the host may further
include one of the first compound and the second compound,
but embodiments of the present disclosure are not limited
thereto.

[0236] For example, the dopant may include a perylene or
a derivative thereof, a rubrene or a derivative thereof, a
coumarin or a derivative thereof, a DCM or a derivative
thereof, an iridium complex, such as Flrpic, Ir(piq),(acac),
Ir(ppy)s. and tris(2-(3-p-xylyl)phenyl)pyridine iridium (I11)
(dopant), or the like, an osmium complex, or a platinum
complex, but embodiments of the present disclosure are not
limited thereto.

[0237] When the emission layer includes a host and a
dopant, an amount of the dopant may be in a range of about
0.01 parts by weight to about 15 parts by weight based on
100 parts by weight of the host, but embodiments of the
present disclosure are not limited thereto.

[0238] The emission layer 150 may be formed to a thick-
ness in a range of about 10 nm to about 60 nm.

[0239] When the organic light-emitting device is a full-
color organic light-emitting device, the emission layer may
be patterned into a red emission layer, a green emission
layer, or a blue emission layer. In one or more embodiments,
due to a stacked structure including a red emission layer, a
green emission layer, and/or a blue emission layer, the
emission layer may emit white light.

[0240] The electron transport region may be formed on the
emission layer 150.

[0241] The electron transport region may include at least
one of a hole blocking layer (not shown), an electron
transport layer 160, an electron injection layer 170, or any
combination thereof.

[0242] For example, the electron transport region may
have a hole blocking layer/electron transport layer/electron
injection layer structure or an electron transport layer/
electron injection layer structure, but the structure of the
electron transport region is not limited thereto. The electron
transport layer may have a single-layered structure or a
multi-layered structure including two or more different
materials.

[0243] For example, to prevent diffusion of excitons or
holes into the electron transport layer 160, the organic
light-emitting device 100 may further include a hole block-
ing layer between the electron transport layer 160 and the
emission layer 150.

[0244] The hole blocking layer may include, for example,
at least one an oxadiazole derivative, a triazole derivative,
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BCP, Bphen, BAlg, Compound HB1 below, or any combi-
nation thereof, but embodiments of the present disclosure
are not limited thereto:

BCP

HB1

[0245] A thickness of the hole blocking layer may be in a
range of about 207 to about 1,000], for example, about
30 to about 3000. When the thickness of the hole blocking
layer is within these ranges, the hole blocking layer may
have excellent hole blocking characteristics without a sub-
stantial increase in driving voltage.

[0246] The electron transport layer 160 may include: a
pyridine ring-containing compound, such as tris(8-quinoli-
nato) aluminium (Alg;), BAlg, and 1,3,5-tri[ (3-pyridyl)-
phen-3-yl]benzene); a triazine ring-containing compound,
such as 2.4,6-tris(3'-(pyridin-3-yl)biphenyl-3-y1)-1,3,5-tri-
azine; an imidazole ring-containing compound, such as
2-(4-(Y-phenylbenzimidazolyl-1-yl-phenyl)-9,10-dinaphth-
ylanthracene; a triazole ring-containing compound, such as
TAZ and YTAZ: 11,3,5-tris(Y-phenyl-benzimidazol-2-y1)
benzene (TPBi); BCP; Bphen; or the like:
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[0247] In one or more embodiments, the electron transport
layer 160 may include a commercial product, such as

KLET-01, KLET-02, KLET-03, KLET-10, and KLET-M1
(hereinbefore, available from Chemipro Kasei Inc.).

[0248] Also, the electron transport layer 160 may further
include, in addition to the materials described above, a
metal-containing material.

[0249] The metal-containing material may include a Li
complex. The Li complex may include, for example, Com-
pound ET-D1 (lithium quinolate, LiQ) or ET-D2:
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ET-D2

[0250] The electron injection layer 160 may be, for
example, formed to a thickness in a range of about 15 nm to
about 50 nm.

[0251] The electron injection layer 170 may be formed on
the electron transport layer 160.

[0252] The electron injection layer 170 may include, for
example, a lithium compound, such as (8-hydroxyquinoli-
nato)lithium (Liq) and lithium fluoride (LiF), sodium chlo-
ride (YaCl), cesium fluoride (CsF), lithium oxide (Li,0), or
barium oxide (BaO).

[0253] The electron injection layer 170 may be formed to
a thickness in a range of about 0.3 nm to about 9 nm.

[0254] The second electrode 180 may be formed on the
electron injection layer 170. The second electrode 180 may
be, specifically, a cathode, and may be formed of a material
metal, an alloy, an electrically conductive compound, and a
combination thereof, which have a relatively low work
function. For example, second electrode 180 may be a
reflective electrode formed of metal, such as lithium (Li),
magnesium (Mg), aluminum (Al), and calcium (Ca), or an
alloy, such as aluminum-lithium (Al—Li), magnesium-in-
dium (Mg—In), and magnesium-silver (Mg—Ag). In one or
more embodiments, the second electrode 180 may be a
transparent electrode having a thickness of 20 nm or less and
formed of metal or in a transparent conductive film, such as
an alloy thin film, indium tin oxide (In,O;—SnO,), and
indium zinc oxide (In,0,—Zn0).

[0255] In one or more embodiments, the laminated struc-
ture of the organic light-emitting device 100 according to an
embodiment is not limited to the above-described example.
In one or more embodiments, the organic light-emitting
device 100 may have other laminated structures. For
example, the organic light-emitting device 100 may not
include one or more of the hole injection layer 130, the hole
transport layer 140, the electron transport layer 160, and the
electron injection layer 170, or may include other layers. In
one or more embodiments, layers which constitute the
organic light-emitting device 100 may each include a single
layer or a multiple layers.

[0256] The manufacturing method of each layer of the
organic light-emitting device 100 according to an embodi-
ment is not particularly limited, and may be manufactured
by various methods such as a vacuum deposition method, a
solution coating method, an LB method, and the like.

[0257] The solution coating method may include a spin
coat method, a casting method, a micro gravure coat method,
a gravure coat method, a bar coat method, a roll coat method,
a wire bar coat method, a dip coat method, a spry coat
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method, a screen printing method, a flexographic method, a
offset printing method, an ink jet printing method, or the
like.

[0258] The solvent used for the solution coating method
may include toluene, xylene, diethyl ether, chloroform, ethyl
acetate, dichloromethane, tetrahydrofuran, acetone, acetoni-
trile, N,N-dimethylformamide, dimethylsulfoxide, anisole,
hexamethyl phosphate triamide, 1,2-dichloro ethane, 1,1,2-
trichloroethane, chlorobenzene, o-dichlorobenzene, diox-
ane, cyclohexane, n-pentane, n-hexane, n-heptane, n-octane,
n-nonane, n-decane, methyl ethyl ketone, cyclohexanone,
butyl acetate, ethyl cellosolve acetate, ethylene glycol, eth-
ylene glycol mono butyl ether, ethylene glycol mono ethyl
ether, ethylene glycol mono methyl ether, dimethoxyethane,
propylene glycol, diethoxy methane, triethylene glycol
mono ethyl ether, glycerin, 1,2-hexanediol, methanol, etha-
nol, propanol, isopropanol, cyclohexanol, N-methyl-2-py-
rollidone, or the like, or any combination thereof, and may
be any material that can dissolve a material for forming each
layer.

[0259] The concentration of the composition used in the
solution coating method may be, in consideration of coating
properties, from about 0.1 wt % or more to about 10 wt %
or less, for example, about 0.5 wt % or more to about 5 wt
% or less, but embodiments are not limited thereto.

[0260] The conditions for the vacuum deposition method
depends on the compound used, the structure and thermal
properties of the target layer. For example, the deposition
temperature may be from about 100 to about 5007, the
vacuum pressure may be from about 10~® torr to about 10~
torr, the deposition rate may be from about 0.01 [J/sec to 100
/sec.

[0261] In one or more embodiments, the first electrode
120 may be an anode, and the second electrode 180 may be
a cathode.

[0262] For example, the first electrode 120 may be an
anode, the second electrode 180 may be a cathode, and the
emission layer 150 disposed between the first electrode 120
and the second electrode 180 may include an organic layer.
The organic layer may further include a hole transport region
between the first electrode 120 and the emission layer 150
and an electron transport region between the emission layer
150 and the second electrode 180. The hole transport region
may include at least one layer the hole injection layer 130,
the hole transport layer 140, the buffer layer, and the electron
blocking layer, and the electron transport region may include
at least one of the hole blocking layer, the electron transport
layer 160, the electron injection layer 170, or any combi-
nation thereof.

[0263] In one or more embodiments, the first electrode
120 may be a cathode, and the second electrode 180 may be
an anode.

[0264] Hereinbefore, the organic light-emitting device has
been described with reference to FIG. 5, but embodiments of
the present disclosure are not limited thereto.

Description of Substituents

[0265] The expression “X and Y may each independently
be” as used herein refers to a case where X and Y may be
identical to each other, or a case where X and Y may be
different from each other.

[0266] The term “substituted” as used herein refers to a
case where hydrogen of a substituent such as R,, may be
further substituted with other substituents.
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[0267] 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, an
n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a tert-pentyl group, an
neopentyl group, a 1,2-dimethylpropyl group, an n-hexyl
group, an isohexyl group, a 1,3-dimethylbutyl group, a
1-isopropylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethylpentyl
group, a 2-methyl-1-isopropylpropyl group, a 1-ethyl-3-
methylbutyl group, an n-octyl group, a 2-ethylhexyl group,
a 3-methyl-1-isopropylbutyl group, a 2-methyl-1-isopropyl
group, a l-tert-butyl-2-methylpropyl group, an n-nonyl
group, a 3,5,5-trimethyldecyl group, an n-decyl group, an
isodecyl group, an n-undecyl group, a 1-methyldecyl group,
an n-dodecyl group, an n-tridecyl group, an n-tetradecyl
group, an n-pentadecyl group, an n-hexadecyl group, an
n-heptadecyl group, an n-octadecyl group, an n-nonadecyl
group, an n-eicosyl group), an n-heneicosyl group, an n-do-
cosyl group, an n-tricosyl group, and an n-tetracosyl group.
[0268] The term “C,-C, alkylene group” as used herein
refers to a divalent group having the same structure as the
C,-Cg, alkyl group.

[0269] The term “C,;-Cg, 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, a
Propoxy group, an isopropoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, a tert-butoxy group, an
n-pentoxy group, an isopentoxy group, a tert-pentoxy group,
an neopentoxy group, an n-hexyloxy group, an isohexyloxy
group, a heptyloxy group, an octyloxy group, nonyloxy
group, a decyloxy group, an undecyloxy group, a dodecy-
loxy group, a tridecyloxy group, a tetradecyloxy group, a
pentadecyloxy group, a hexadecyloxy group, a heptadecy-
loxy group, an octadecyloxy group, a 2-ethylhexyloxy
group, and a 3-ethylpentyloxy group.

[0270] The term “C,-Cy, alkylthio group” as used herein
refers to a monovalent group represented by —SA,,,
(wherein A, is the C,-Cq, alkyl group).

[0271] As used herein, the term “C,-Cq, alkenyl group”
refers to a hydrocarbon group including at least one carbon-
carbon double bond in the middle or terminal of the C,-Cy,
alkyl group. Non-limiting examples of the C,-C, alkenyl
group are an ethenyl group, a prophenyl group, and a butenyl
group. As used herein, the term “C,-Cg, alkylene group”
refers to a divalent group having the same structure as the
C,-Cy, alkenyl group.

[0272] As used herein, the term “C,-C,, alkynyl group”
refers to a hydrocarbon group including at least one carbon-
carbon triple bond in the middle or terminal of the C,-Cy,
alkyl group. Non-limiting examples of the C,-C,,, alkynyl
group are an ethynyl group and a propynyl group. As used
herein, the term “C,-Cg, alkynylene group” refers to a
divalent group having the same structure as the C,-Cq,
alkynyl group.

[0273] The term “C,-C,, cycloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 10 carbon atoms involved in the ring
formation, and examples thereof include a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, and a cycloheptyl group. The term “C;-C,
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cycloalkylene group” as used herein refers to a divalent
group having the same structure as the C;-C,,, cycloalkyl
group.

[0274] As used herein, the term “C,-C, , heteracycloalkyl
group” refers to a monovalent monocyclic group having 1 to
10 carbon atoms in which at least one N, O, P, Si, Se, Ge,
B, S, or any combination thereof, is included as a ring-
forming atom.

[0275] Non-limiting examples of the C,-C,, heterocy-
cloalkyl group are a tetrahydrofuranyl group and a tetrahy-
drothiophenyl group. As used herein, the term “C,-C,,
heterocycloalkylene group” refers to a divalent group having
the same structure as the C,-C,, heterocycloalkyl group.
[0276] As used herein, the term “C,-C,, cycloalkenyl
group” refers to a monovalent monocyclic group having 3 to
10 carbon atoms that includes at least one double bond in the
ring but does not have aromaticity. Non-limiting examples
of the C,-C,, cycloalkenyl group are a cyclopentenyl group,
a cyclohexenyl group, and a cycloheptenyl group. As used
herein, the term “C;-C,, cycloalkenylene group” refers to a
divalent group having the same structure as the C;-C,,
cycloalkenyl group.

[0277] As used herein, the term “C,-C,, heterocycloalk-
enyl group” refers to a monovalent monocyclic group hav-
ing 1 to 10 carbon atoms that includes at least one double
bond in the ring and in which at least one N, O, P, 81, Se, Ge,
B, S, or any combination thereof, is included as a ring-
forming atom. Non-limiting examples of the C,-C, , hetero-
cycloalkenyl group are a 2,3-hydrofuranyl group and a
2,3-hydrothiophenyl group. As used herein, the term “C;-
C,, heterocycloalkenylene group” refers to a divalent group
having the same structures as the C,-C, , heterocycloalkenyl
group.

[0278] The term “C4-Cq, aryl group” as used herein refers
to amonovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms involved in the ring formation
(that is, when substituted with a substituent, the atom not
included in the substituent is not counted as the carbon
involved in the ring formation), and the term “C;-Cg,
arylene group” as used herein refers to a divalent group
having a carbocyclic aromatic system having 6 to 60 carbon
atoms. Non-limiting examples of the C4-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,-C,, aryl group and the
Cs-Cg, arylene group each include two or more rings, the
rings may be fused to each other.

[0279] The term “C4-Cq, aryloxy group” as used herein
refers to a group represented by —OA, ,; (wherein A, 5 is
the C,-Cy, aryl group). Examples thereof include a 1-naph-
thyloxy group, a 2-naphthyloxy group, and a 2-azulenyloxy
group.

[0280] The term “C4-Cgp arylthio group™ as used herein
refers to a monovalent group represented by —SA, .,
(wherein A, is the C,-Cy, aryl group).

[0281] The term “C,-Cg, heteroaryl group” as used herein
refers to a monovalent group having a heterocyclic aromatic
system that has at least one N, O, Si, P, Se, Ge, B, S, or any
combination thereof, as a ring-forming atom, and 1 to 60
carbon atoms.

[0282] The term “C,-Cg, heteroarylene group” as used
herein refers to a divalent group having a heterocyclic
aromatic system that has at least one N, O, Si, P, Se, Ge, B,
S, or any combination thereof, as a ring-forming atom, and
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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,-Cq, heteroaryl group and the C,-C, heteroarylene
group each include two or more rings, the rings may be
condensed with each other.

[0283] The term “C,-Cg4, heteroaryloxy group” as used
herein refers to a group represented by -OA,,; (wherein
A s 18 the C,-Cg, heteroaryl group). Examples thereof
include a 2-furanyloxy group, a 2-thienyloxy group, a 2-in-
dolyloxy group, a 3-indolyloxy group, a 2-benzofuriloxy
group, and a 2-benzothienyloxy group.

[0284] The term “C,-C, heteroarylthio group” as used
herein refers to a group represented by —SA, ,; (wherein
A6 18 the C,-C, heteroaryl group).

[0285] The term “C,-Cg, alkylaryl group” as used herein
refers to a monovalent group in which an arylene group is
substituted with an alkyl group and the sum of the carbon
atoms constituting the alkyl group and the aryl group is 7 to
60. Examples of the C.-Cg, arylalkyl group include a
toluene group.

[0286] The term “C,-Cg, arylalkyl group” as used herein
refers to a monovalent group in which an alkylene group is
substituted with an aryl group and the sum of the carbon
atoms constituting the alkyl group and the aryl group is 7 to
60. Examples of the C,-Cg, arylalkyl group include a benzyl
group, a phenylethyl group, a phenylpropyl group, and a
naphthylmethyl group.

[0287] The term “C,-C, arylalkyloxy group” as used
herein refers to a group represented by —OA, 5 (wherein
A s 1s the C,-Cy,, arylalkyl group).

[0288] The term “C,-Cq, arylalkylthio group” as used
herein refers to a group represented by —SA,,, (Wherein
A o6 18 the C,-Cg, arylalkyl group).

[0289] The term “C,-C,, arylalkenyl group” as used
herein refers to a monovalent group in which an alkenylene
group is substituted with an aryl group and the sum of the
carbon atoms constituting the alkenyl group and the aryl
group is 8 to 60.

[0290] The term “Cq-Cq, arylalkynyl group” as used
herein refers to a monovalent group in which an alkynylene
group is substituted with an aryl group and the sum of the
carbon atoms constituting the alkynyl group and the aryl
group is 8§ to 60.

[0291] 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 to each other, only carbon
atoms as ring-forming atoms, and no aromaticity in its entire
molecular structure. Examples of the monovalent non-aro-
matic condensed polycyclic group include a fluorenyl group.
The term “divalent non-aromatic condensed polycyclic
group” as used herein refers to a divalent group having the
same structure as the monovalent non-aromatic condensed
polycyclic group.

[0292] The term “monovalent non-aromatic condensed
heteropolycyclic group™ as used herein refers to a monova-
lent group (for example, having 1 to 60 carbon atoms)
having two or more rings condensed to each other, at least
one heteroatom selected from N, O, P, Si, Se, Ge, B, or S,
other than carbon atoms, as a ring-forming atom, and no
aromaticity in its entire molecular structure. Non-limiting
examples of the monovalent non-aromatic condensed het-
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eropolycyclic group include a carbazolyl group. The term
“divalent non-aromatic condensed heteropolycyclic group”
as used herein refers to a divalent group having the same
structure as the monovalent non-aromatic condensed het-
eropolycyclic group.

[0293] The term “Cs-C,, carbocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
having, as a ring-forming atom, 5 to 30 carbon atoms only.
[0294] The term “C,-C,, carbocyclic group” as used
herein refers to a monocyclic group or a polycyclic group,
and, according to its chemical structure, a monovalent,
divalent, trivalent, tetravalent, pentavalent, or hexavalent
group.

[0295] The term “C,-C,, heterocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
having, as a ring-forming atom, at least one heteroatom Y, O,
Si, P, and S other than 1 to 30 carbon atoms. The term
“C,-C54 heterocyclic group” as used herein refers to a
monocyelic group or a polycyclic group, and, according to
its chemical structure, a monovalent, divalent, trivalent,
tetravalent, pentavalent, or hexavalent group.

[0296] In the present specification, at least one substituent
of the substituted C5-C,, carbocyclic group, the substituted
C,-C,, heterocyclic group, the substituted C,-Cg, alkyl
group, the substituted C,-Cy, alkenyl group, the substituted
C,-C,, alkynyl group, the substituted C,-C, alkoxy group,
the substituted C5-C,, cycloalkyl group, the substituted
C,-C,o heterocycloalkyl group, the substituted C;-C,
cycloalkenyl group, the substituted C,-C,,, heterocycloalk-
enyl group, the substituted C4-C,, aryl group, the substituted
C¢-Cyo aryloxy group, the substituted Co-Cq, arylthio group,
the substituted C,-Cg, heteroaryl group, the substituted
monovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed het-
eropolycyclic group may be:

[0297] deuterium, —F, —Cl, —Br, —I, —CD;, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cy,
alkyl group,

[0298] aC,-Cq, alkenyl group, a C,-C, alkynyl group, or
a C,-Cq, alkoxy group; a C,-Cg, alkyl group, a C,-Cq,
alkenyl group, a C,-Cq, alkynyl group, or a C,-C, alkoxy
group, each substituted with at least one deuterium, —F,
—Cl, —Br, —I, —CD,, —CD,H, —CDH,, —CF;,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg, aryl
group, a C-Cy, aryloxy group, a C,-C, arylthio group, a
C,-Cg heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,(Q;,), —Si(Q,3)
Q1)Q15), —B(Q16)(Qyr). —PEO0)Q1:)(Quo), or any
combination thereof;

[0299] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cg, aryl group, a C4-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
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group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, or any combination thereof;

[0300] 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 Cy4-Cqy
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, or a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one deuterium,
—F —Cl, —Br, —I, —CD,, —CD,H, —CDH,,, —CF;,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C, alkyl group, a C,-Cq,
alkenyl group, a C,-Cg, alkynyl group, a C,-C, alkoxy
group, a C;-C |, cycloalkyl group, a C,-C, , heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic

group, —N(Q,)(Qz,), —Si(Qx3)(Q)(Q25): —B(Qz)
(Q7), —P(=0)(Q,2)(Q40), or any combination thereof; or

[0301] —N(Q;)(Qs2), —Si(Q33)(Q34)(Qs5): —B(Qse)
(Qs7), or —P(=0)(Q;5)(Q5,), and

[0302] Q, to Qg Qy 10 Qyo, Qz; 10 Qu, and Qs to Qs

may each independently be hydrogen, deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-Cg, alkyl group, a C,-Cq,
alkenyl group, a C,-Cq, alkynyl group, a C,-C,, alkoxy
group, a C;-C |, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-Cy, aryl group, a C4-Cg, aryl group
substituted with at least one a C,-Cg, alkyl group, and a
Cs-Cyp aryl group, a C,-Cy aryloxy group, a C,-Cy arylthio
group, a C,-Cq, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, or a monovalent non-
aromatic condensed heteropolycyclic group.

Others

[0303] The wording “A to B” used herein refers to a range
from A to B, wherein A and B are inclusive.

[0304] Although one or more embodiments of the present
disclosure has been described above with reference to the
accompanying drawings, the present disclosure is not lim-
ited to the embodiments. It will be apparent to those skilled
in the art that various changes or modifications can be made
within the scope of the technical idea described in the
claims. It is understood that such various changes and
modifications also fall within the technical scope of the
present disclosure.

[0305] Hereinafter, with reference to Examples and Com-
parative Examples, a condensed cyclic compound repre-
sented by Formula 1 or 2 and an organic light-emitting
device including the same will be described in detail.
Examples to be described below are presented as examples
only, and the condensed cyclic compound and organic
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light-emitting device according to an example of the present
invention are not limited to the examples to be described
later.

[0306] The wording “‘B’ was used instead of ‘A’ used in
describing Synthesis Examples means that a molar equiva-
lent of ‘B’ was identical to a molar equivalent of ‘A’.

[0307] The unit “%” is based on a weight unless described
otherwise.

EXAMPLES

Synthesis Example 1: Synthesis of Compound 43

[0308]

Qe X

Q‘O B

‘O

KgCOg ag.

Pd(OAc),

P(o-tolyl)s
toluene/EtOH

an oY
ey

[0309] 2-bromo-9,9-diphenyl-9H-fluorene (30 mmol,
11.92 g), 2-(J1,1":3',1" terphenyl]-3-y1)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (31.5 mmol, 11.22 g), toluene (120 ml),
and EtOH (30 ml) were added to a three neck-flask in the
nitrogen atmosphere and dissolved by stirring. Then, K,CO,
2M aq. (1.5 eq., 22.5 ml) was added thereto, and palladium
acetate (3 mol %, 0.9 mmol, 202 mg), and o-tolylphosphine
(4.5 mol %, 1.35 mmol, 411 mg) were added thereto and the
mixture was stirred at 800 for 8 hours. After the temperature
was decreased to room temperature, the mixture was diluted
with toluene (200 ml), filtered using CELITE, and washed
three times with pure water. The obtained product was dried
using anhydrous magnesium sulfate and filtered through a
pad of silica gel. The obtained result was recrystallized twice
by using toluene and hexane (5 ml:15 ml/1 g) to obtain a
white solid. The amount of Compound 43 was 16.2 g, and
the yield thereof was 99%.
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Synthesis Example 2: Synthesis of Compound 44

Synthesis of Intermediate 44a

[0310]
(HO),B
1
Br
Br ‘ ’
intermediate 44a
[0311] 3-bromo iodine benzene (330 mmol, 93.36 g),

3-phenyl borate (1.0 e.q., 300 mmol, 59.41 g), toluene (1500
ml), and EtOH (150 ml) were added to a three neck-flask in
the nitrogen atmosphere and dissolved by stirring. Then,
K,CO; 2M aq. (1.5 e.q., 225 ml) was added thereto, and
Pd(PPh;),(3 mol %, 9 mmol, 10.40 g) was added thereto,
and the resultant mixture was stirred at 7000 for 12 hours.
The temperature was decreased to room temperature, and a
filtration process was performed thereon using CELITE,
followed by washing twice with pure water. The obtained
product was dried using anhydrous magnesium sulfate and
filtered through a pad of silica gel. Then, the obtained
product was recrystallized twice by using toluene and
hexane (the ratio of toluene to hexane was 3 ml:12 ml/1 g)
and vacuum-dried (50, 12 hours) to obtain the target
product of a white solid. The amount of Intermediate 44a
was 58.4 g, and the yield thereof was 63%.

Synthesis of Intermediate 44b

c1\©/B(OH)2

[0312]

oM

intermediate 44a
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-continued

Cl

intermediate 44b

[0313] Intermediate 44a (100 mmol, 30.92 g), 3-chloro-
phenyl borate (1.1 e.q., 110 mmol, 17.20 g), toluene (200
ml), and EtOH (50 ml) were added to a three neck-flask in
the nitrogen atmosphere and then dissolved by stirring.
Then, K,CO, 2M ag. (1.5 e.q., 75 ml) was added thereto,
and Pd(PPh,), (3 mol %, 3 mmol, 3.47 g) was added thereto,
and the resultant mixture was stirred at 70(] for 12 hours.
After the temperature was decreased to room temperature,
the mixture was diluted with toluene (500 ml), filtered using
CELITE, and washed twice with pure water. The obtained
product was dried using anhydrous magnesium sulfate and
filtered through a pad of silica gel. Then, the obtained
product was recrystallized once by using toluene and hexane
(the ratio of toluene to hexane was 3 ml:12 ml/1 g) and
vacuum-dried (507, 12 hours) to obtain the target product of
a white solid. The amount of Intermediate 44b was 18.75 g,
and the yield thereof was 55%.

Synthesis of Intermediate 44¢
[0314]

QL FHE
CI

intermediate 44b

intermediate 44c

[0315] Intermediate 44b (55 mmol, 18.6 g), pinacolato
diboron (1.1 e.q., 60.5 mmol, 15.36 g), potassium acetate (2
e.q., 110 mmol, 10.8 g), and 1,4-dioxane (220 ml) were
added to a three neck-flask in the nitrogen atmosphere and
dissolved by stirring. Then, palladium acetate (2 mol %, 1.1
mmol, 247 mg), and X-Phos (4 mol %, 2.2 mmol, 1.05 g)
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were added thereto, and stirred at 1007 for 12 hours. After
the temperature was decreased to room temperature, the
mixture was diluted with toluene (300 ml), filtered using
CELITE, and washed three times with pure water. The
obtained product was dried using anhydrous magnesium

sulfate and filtered through a pad of silica gel.
[0316] Then, the obtained product was recrystallized twice ‘O O
by using hexane (10 ml/1 g) and vacuum-dried (507, 12

hours) to obtain the target product of a white solid. The O O O'
amount of Intermediate 44c was 19.34 g, and the yield Q

Comparative Compound C1

thereof was 81%.

Synthesis of Compound 44
[0317]

w—0

O Q " O
intermediate 44¢
Q.O ’

ol

800"

44

[0318] Compound 44 was synthesized in the same manner -continued

. . Comparative Compound C2
as used to synthesize Compound 43, except that Intermedi-

ate 44c was used instead of 2-([1,1":3",1" terphenyl]-3-yl)- Q
4.4.5 5-tetramethyl-1,3,2-dioxaborolane. ‘O O
[0319] Compounds 43 and 44 obtained above, and Com- O OQQ

parative Compounds C1 and C2 described below were

prepared as solid samples.
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Solubility Evaluation

[0320] 50 mg of a solid sample was placed in a colorless
sample bottle, 500 mg of methyl benzoate was added as a
solvent, and ultrasonic irradiation was performed for 20
minutes at room temperature to visually identify whether the
sample solid remained. And when there was a residual solid
sample, the solvent was added little by little, the ultrasonic
irradiation was repeated until the sample solid was com-
pletely dissolved, and the solubility was calculated by using
the amount of the solvent that was dissolved. The results are
shown in Table 1 below.

Evaluation of Pot Life of Solution

[0321] 50 mg of a solid sample was placed in a colorless
sample bottle, 1.0 g of methyl benzoate was added as a
solvent, and was completely dissolved by heating at 150° C.,
thereby producing 5 wt % of the solution. Thereafter, the
solution was cooled to room temperature, and the time from
when the temperature reaches room temperature to when the
precipitation solid, such as crystals, started to be visually
identified, was defined as the pot life. In other words, the
longer the pot life, crystallization less occurs. The measure-
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ment results are shown in Table 1 below. “*1” indicates that
Comparative Compound was not measurable because it was
not dissolved.

TABLE 1

Pot life of 5
wt % of methyl

Solubility in methyl
benzoate at room

Compound temperature (wt %) benzoate solution
Compound 43 >10 >300
Compound 44 >10 >300
Comparative 0.1 *1
Compound C1
Comparative 0.3 0.1
Compound C2
Comparative >10 >300
Compound C3
Comparative >10 >300
Compound C4
Comparative 1 0.1
Compound C5

[0322] From Table 1, it can be seen that compared to

Comparative Compounds, Compounds 43 and 44 according
to the present disclosure has excellent solubility and pot life.

C3

c4
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Measurements of HOMO Values and LUMO Values

[0323] Compounds 1 and 2 obtained above, and Compara-
tive Compounds C-1 and Cz3 described below were pre-
pared as solid samples. Then, HOMO and LUMO values
were measured as follows.

1. Fabrication of Measurement Samples

[0324] (1) A sample solution was prepared such that the
amount of a solid sample was 4 wt % with respect to the
weight of methyl benzoate as a solvent.

[0325] (2) The sample solution prepared in the above (1)
was coated on each of an ITO substrate and a quartz
substrate by using a spin coating method to form a coating
film having a dry-film thickness of 50 nm. The obtained
coating film was heated at 120° C. for 1 hour under a
vacuum of 107" Pa or less, and then cooled to room tem-
perature under a vacuum of 107" Pa or less to form a thin
film layer (thin film sample).

2. Measurement of HOMO Values

[0326] With respect to the thin-film sample on the ITO
substrate manufactured in 1. (2), HOMO values were mea-
sured by using a photoelectron spectrometer AC-3 (manu-
factured by Riken Keiki Co., Ltd.) in the atmosphere.

3. Measurement of LUMO Values

[0327] With respect to the thin-film sample on the quartz
substrate manufactured in 1. (2), the energy gap value (B,)
was measured from the absorption edge of the ultraviolet
visible absorption spectrum by using a spectrophotometer
U-3900 (manufactured by Hitachi Hi-Tech Science), and the
LUMO value was calculated according to Equation 3.

LUMO=HOMO+E,

[0328]

Equation 3

The calculation results are shown in Table 2 below.

Measurement of Glass Transition Temperature (T,)

[0329] Compounds 43 and 44 obtained above, and Com-
parative Compounds C1 and C2 described below were
prepared as solid samples. Moreover, the azine ring deriva-
tive Az1, the phosphorescent platinum group metal complex
TEG, and the Comparative Compound Cz1 to Cz3 which
were used for manufacture of an organic light-emitting
device to be described later were prepared as sample solids.

[0330] Next, the process of scanning measurement using
about 5 mg of sample solids was repeated 3 times using the
differential scanning calorimetry DSC6220 (made by Seiko
Corporation). Here, the conditions for measurements
included the temperature increase rate of 10 [0/min in the
temperature range of =500 to 3000, and the temperature
decrease rate of =50 [/min in the temperature range of
3000 to -50]. The glass transition temperature (T,) was
measured from the second and subsequent scanning calorie
curve. The measurement results are shown in Table 2 below.
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TABLE 2
HOMO LUMO
Compound (eV) (eV) T
Compound 43 -6.2 -2.7 92
Compound 44 -6.2 -2.8 109
Azl -39 -3.0 125
TEG -54 -2.9 —(No measurement)
Comparative -5.6 -2.3 115
Compound Cz1
Comparative -5.8 -2.6 108
Compound Cz2
Comparative -6.0 -3.0 95
Compound Cz3
Comparative -6.1 -2.8 126
Compound C1
Comparative -6.1 -2.8 120
Compound C2
Comparative -6.3 -2.8 108
Compound C3
Comparative -6.2 -2.6 147
Compound C4
Comparative -6.3 =27 121
Compound C5

Manufacturing of Organic Light-Emitting Devices

Example 1

[0331]

indium tin oxide (ITO) (anode) was deposited as a first

First, a glass substrate on which a stripe-shaped

electrode (anode) was prepared. Poly(3,4-ethylene dioxy-
thiophene)/poly(4-styrenesulfonate (PEDOT/PSS) (manu-
factured by Sigma-Aldrich)) was applied on the glass sub-
strate by a spin coat method to form a hole injection layer

having a dry-film thickness of 30 nm.

[0332]
transport layer, the coating solution including the solvent

Then, a coating solution was prepared for a hole

anisole, 3 parts by weight of a hole transporting polymer
(HTP1) (weight average molecular weight Mw=400,000,
PDI (Mw/Mn)=2.7) having a repeating unit represented by
the following formula with respect to 100 parts by weight of
the solvent, and 0.6 parts by weight of low molecular weight
compound AD1 with respect to 100 parts by weight of the
solvent. Subsequently, the obtained coating solution for a
hole transport layer was applied by using a spin coat method
to form a coating film having a dry-film thickness of 125 nm.
The obtained coating film was heated at 120° C. for 1 hour
under a vacuum of 107! Pa or less, and then cooled to room
temperature under a vacuum of 107" Pa or less to form a hole
transport layer.
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HTP1L
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ADL

[0333]

is a liquid composition was applied on the hole transport

Subsequently, the ink for an emission layer which

layer to form an emission layer having a dry-film thickness
of 50 nm thereon, wherein the ink was a methyl benzoate

solution which was a composition including Compound 43

and Compound Az1, which are host materials, and Com-
pound TEG (D1, tris(2-(3-p-xylyl)phenyl)pyridiniridium),
which is a dopant material.

[0334] The ink for an emission layer was prepared includ-
ing, with respect to 100 parts by weight of the methyl
benzoate, 2.64 parts by weight of Compound 43, 1.32 parts
by weight of Azl, and 0.4 parts by weight of TEG.
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TEG

[0335] Then, (8-quinolinolato)lithium (Liq) and KLET-03
(the product of Chemipro Kasei Inc.) were co-deposited at
a weight ratio of 2:8 on the emission layer in a vacuum
deposition apparatus to form an electron transport layer
having a thickness of 30 nm.

[0336] Lithium fluoride (LiF) was deposited on the elec-
tron transport layer by a vacuum deposition apparatus to
form an electron injection layer having a thickness of 1 nm.

[0337] Also, aluminum (Al) was deposited on the electron
injection layer by a vacuum deposition apparatus, thereby
forming a second electrode (cathode) having a thickness of
100 nm.

[0338] Then, in a glove box in the nitrogen atmosphere
having 1 ppm or less of water concentration and 1 ppm or
less of oxygen, a sealing process was performed using a
glass sealing tube with a desiccant and a ultraviolet curable
resin, thereby obtaining an organic light-emitting device.

Example 2

[0339] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that, as the
host material, Compound 44 was used instead of Compound
43.

Example 3

[0340] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that the
ink composition for the emission layer was changed as
follows.

68
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[0341] The ink for an emission layer was prepared such
that, with respect to 100 parts by weight of methyl benzoate,
the solid content contained 1.33 parts by weight of Com-
pound 43, 1.33 parts by weight of Compound Cz1, 1.33 parts
by weight of Compound Az1, and 0.4 parts by weight of
Compound TEG.

®
QQ

Czl

Example 4

[0342] An organic light-emitting device was manufac-
tured in the same manner as in Example 3, except that, as the
host material, Compound 44 was used instead of Compound
43.

Comparative Examples 1 to 3

[0343] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that the
ink composition for the emission layer was changed as
shown in Table 3.

Evaluation of Organic Light-Emitting Devices>

[0344] According to the following method, driving volt-
age, current efficiency and light-emission lifespan (durabil-
ity) were evaluated.

[0345] Using a DC constant voltage power supply (KEY-
ENCE source meter), while the voltage applied to an organic
light-emitting device was continuously changed from 0 V to
20V, the organic light-emitting device was powered to emit
light and the luminance thereof was measured by using a
luminance measurement apparatus (SR-3 made by Topcom).
[0346] Here, the current value per unit area (current den-
sity) of the organic light-emitting device was measured, and
the luminance (cd/m>) was divided by the current density
(A/m?) to calculate the current efficiency (cd/A). In addition,
the current efficiency represents the efficiency (conversion
efficiency) for converting the current into light emission
energy, and the higher the current efliciency, the higher the
performance of the organic light emitting device.

[0347] In addition, the light-emission lifespan (durability)
was represented as “LT80 (h),” which is the time corre-
sponding to 80% of the initial luminance, wherein the
luminance was decreased during the continuous operation at
the current of 6,000 cd/m>.

[0348] The evaluation results are shown in Table 3 below.
In Table 3, the current efficiency is expressed as a relative
value with respect to the current efficiency of the organic
light-emitting device of Comparative Example 1, wherein
the current efficiency of the organic light-emitting device of
Comparative Example 1 was set to 100. In addition, the
light-emission lifespan (durability) is expressed as a relative
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value with respect to the device lifespan (LT80 (h)) of the
organic light-emitting device of Comparative Example 1,
wherein the device lifespan (LT, (h)) of the organic light-
emitting device of Comparative Example 1 was set to 100.
TABLE 3
Driving Light-emission
voltage Current efficiency lifespan
Compositicn of ) (Relative value)  (Relative value)

emission layer @1,000 (cd/m?)  @1,000 (cd/m?)  @6,000 (cd/m?)

Example 1 ~ Compound 6.1 138 325
43:Az1:TEG
(66:33:10)

Example 2 Compound 6.0 140 360
44:Az1:TEG
(66:33:10)

Example 3 Compound 5.2 116 240
43:Cz1:Az1:TEG
(33:33:33:10)

Example 4  Compound 5.0 122 260
44:Cz1:Az1:TEG
(33:33:33:10)

Comparative Czl:Az1:TEG 5.5 100 100
Example 1 (66:33:10)

Comparative Cz2:Az1:TEG 7.5 98 45
Example 2 (66:33:10)

Comparative Cz3:Az1:TEG 6.2 111 170
Example 3 (66:33:10)

Comparative Cl:Az1:TEG Impossible to manufacture devices since a
Example 4 (66:33:10) film could not be formed by coating
Comparative C2:Az1:TEG Impossible to manufacture devices since a
Example 5 (66:33:10) film could not be formed by coating
Comparative C3:Az1:TEG 6.7 73 40
Example 6 (66:33:10)

Comparative C4:Az1:.TEG 5.9 90 120
Example 7 (66:33:10)

Comparative C5:Az1:TEG Impossible to manufacture devices since a
Example 8  (66:33:10) film could not be formed by coating

Cz1l

Cz3

[0349] From the results in Table 3, it can be seen that
Bxamples 1 and 2 using a condensed cyclic compound
represented by Formula 1 as a host together with an azine
ring derivative Azl showed higher luminescent efficiency
and longer light-emission lifespan than Comparative
Examples 1 to 3 using a carbazole derivative, which is a
commonly used hole transport capability host material.

[0350] In addition, in the case of C1, C2 and C5, each
having a relatively short pot life, it is difficult to manufacture
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a light-emitting device by the solution process (Comparative
Example 4, Comparative Example 5 and Comparative
Example 8).
[0351] In addition, in the case of Comparative Example 6
using C3 containing an ortho-phenyl group as a host and
Comparative Example 7 using C4 containing a fluorene
group connected at the 9™ position as a host, light-emitting
devices could be manufactured, although a light-emitting
device could be manufactured but the current efficiency and
the light-emission lifespan thereof were not substantially
better than Examples.
[0352] In addition, by including the compound repre-
sented by Formula 1 and the compound containing a car-
bazole-based moiety (Examples 3 and 4), the driving voltage
as well as the luminescent efficiency were improved and the
driving voltage was significantly lowered and the power
consumption is decreased.
[0353] As mentioned above, although the synthesis
examples and the examples were described with respect to
the present disclosure, the present disclosure is not limited
to a specific example, and may be various modified within
the scope of the disclosure as described in the claims.
[0354] The condensed cyclic compound may have a low
glass transition temperature and thus have high solubility,
thereby increasing the pot life of the solution including the
condensed cyclic compound, and thus may be suitable for
use in a solution coating method.
[0355] Indetail, an organic light-emitting device including
the condensed cyclic compound may have high luminescent
efficiency and a long lifespan.
[0356] 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. While one or more embodi-
ments 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.

What is claimed is:

1. A condensed cyclic compound represented by Formula
1 below:

Formula 1

Formula 2

F——(L1)a—Ary

wherein, in Formula 1 and Formula 2,

L,, L,, and L, are each independently a single bond, a
substituted or unsubstituted C5-Cy, carbocyclic group,
or a substituted or unsubstituted C,-Cg, heterocyclic

group,
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al, a2 and all are each independently an integer from 1
to 5,

Ar, and Ar,, are each independently a substituted or
unsubstituted C5-Cg, carbocyclic group, wherein Ar, is
not a triphenylene group or a fluorene group connected
to the 9™ position,

R, to Rq are each independently a group represented by
Formula 2, hydrogen, deuterium, —F, —CI, —Br, —I, a
cyano group, a substituted or unsubstituted C,-Cq, alkyl
group, a substituted or unsubstituted C,-Cg, alkenyl group,
a substituted or unsubstituted C,-C, alkynyl group, a sub-
stituted or unsubstituted C,-Cg, 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 substi-
tuted or unsubstituted C,-Cy, aryl group, a substituted or
unsubstituted C,-C, alkylaryl group, a substituted or unsub-
stituted C,-Cy, arylalkyl group, a substituted or unsubsti-
tuted C,-C, arylalkyloxy group, a substituted or unsubsti-
tuted C,-Cq, arylalkylthio group, a substituted or
unsubstituted C4-Cy, arylalkenyl group, a substituted or
unsubstituted Cq-Cq, arylalkynyl group, a substituted or
unsubstituted C4-C, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsubstituted
C,-Cg heteroaryl group, a substituted or unsubstituted
C,-Cg, alkylheteroaryl group, a substituted or unsubstituted
C,-Cg heteroaryloxy group, a substituted or unsubstituted
C,-Cs, heteroarylthio group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group, a
substituted or unsubstituted monovalent non-aromatic con-

densed heteropolycyclic group, —Si(Q,)(Q,)(Q5), or
—NQ)Qy).
b3, b5, and b6 are each independently an integer from 0
to 4,

b2 is an integer from O to 3,

two adjacent groups of R}, R,, R5(s) in the number of b3,
R,(s) in the number of b4, R,(s) in the number of b5,
and R(s) in the number of b6 are optionally linked to
form a substituted or unsubstituted Cs-C,, carbocyclic
group or a substituted or unsubstituted C,-C;, hetero-
cyclic group,

nl is an integer from 1 to 5,

when al and a2 are each 1, L, and L, are each a single
bond, and nl is 1, Ar, is not a fluorene group,

at least one substituent of the substituted C5-C, carbocyclic
group, the substituted C,-C, heterocyclic group, the sub-
stituted C,-C;,, heterocyclic group, the substituted C,-Cg,
alkyl group, the substituted C,-C, alkenyl group, the sub-
stituted C,-C,,, alkynyl group, the substituted C,-C, alkoxy
group, the substituted C;-C,,, cycloalkyl group, the substi-
tuted C,-C, , heterocycloalkyl group, the substituted C;-C,,
cycloalkenyl group, the substituted C,-C,,, heterocycloalk-
enyl group, the substituted C4-C,,, aryl group, the substituted
C,-Cq alkylaryl group, the substituted C,-Cg, arylalkyl
group, the substituted C,-Cg, arylalkyloxy group, the sub-
stituted C,-Cy, arylalkylthio group, the substituted Cqy-Cqy
arylalkenyl group, the substituted Cq4-Cg, arylalkynyl group,
the substituted C,-C, aryloxy group, the substituted C,-Cy,
arylthio group, the substituted C,-Cy, heteroaryl group, the
substituted C,-Cg, alkylheteroaryl group, the substituted
C,-Cg heteroaryloxy group, the substituted C,-Cg, het-
eroarylthio group, the substituted monovalent non-aromatic
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an isoquinoline group, a quinoxaline group, a quinazo-
line group. a naphthyridine group, an acridine group, a

condensed polycyclic group, and the substituted monovalent
non-aromatic condensed heteropolycyclic group is:

deuterium, —F, —Cl, —Br, —I, —CD,;, —CD,H,
—CDH,, —CF,, —CF,H, —CFH,, —NCS, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, or a C,-C,
alkoxy group;

a C,;-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, or a C,-Cg, alkoxy group, each substi-
tuted with deuterium, —F, —CI, —Br, —I, —CD,,
—CD,H, —CDH,, —CF,, —CF,H, —CFH,, —NCS,
a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C5-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl —group,  Si(Q)Q)Q;3), —NQ; Qo)
—C(=0)(Q,,), or any combination thereof;

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group. or a C,-C,, het-
erocycloalkenyl group;

a C4-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C4-C,, cycloalkenyl group, or a C,-C, het-
erocycloalkenyl group, each substituted with at least
one deuterium, —F, —Cl, —Br, —I, —CD;, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group,
a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group,
a C,-Cq, alkynyl group, a C,-C4, alkoxy group, a
C,;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, —Si(Q,)(Q2)(Qz3): —N(Q3y)
(Qa,), —C(=0)(Q,,), or any combination thereof; or

—S1(Q31)(Q12)(Qaz)s —N(Q31)(Q12), or —C(=0)(Qs)),

wherein Q; t0 Q3. Qy; 10 Qy3, Qy; 10 Qo3 and Qs 10 Q55

are each independently hydrogen, deuterium, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, or
a biphenyl group, and

* indicates a binding site to a neighboring atom.

2. The condensed cyclic compound of claim 1, wherein

L,, L,, and L, are each independently a single bond, a
benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptalene group, an acenaphthalene group, a
phenalene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, a biphenyl group, a terphenyl
group, a triphenylene group, a fluoranthene group, a
pyrene group, a chrysene group, a picene group, a
perylene group, a pentaphene group, a pentacene
group, a tetraphenyl group, a hexaphenyl group, a
hexacene group, a rubicene group, a trinaphthalene
group, a heptaphenyl group, a pyranthrene group, a
pyridine group, a pyrazine group, a pyridazine group, a
pyrimidine group, a triazine group, a quinoline group,

phenazine group, a benzoquinoline group, a benzoiso-
quinoline group, a phenanthridine group, a phenanthro-
line group, a benzoquinone group, a coumarin group,
an anthraquinone group, a fluorenone group, a furan
group, a thiene group, a silole group, a benzofuran
group, a benzothien group, a benzosilole group, a
dibenzofuran group, a dibenzothiophene group, a
dibenzosilole group, a pyrrole group, an indole group,
an isoindole group, a carbazole group, a benzocarba-
zole group, a dibenzocarbazole group, an imidazole
group, a benzimidazole group, a pyrazole group, a
triazole group, a tetrazole group, an indazole group, an
oxazole group, an isoxazole group, a benzoxazole
group, a benzisoxazole group, a thiazole group, an
isothiazole group, a benzothiazole group, a benzisothi-
azole group, an imidazopyridine group, an imidazopy-
rimidine group, an imidazophenanthridine group, a
benzimidazophenanthridine group, an azadibenzofuran
group, an azacarbazole group, an azadibenzothien
group, a diazadibenzofuran group, a diazacarbazole
group, a diazadibenzothien group, a xanthonene group,
or a thioxanthone group; or

a benzene group, a pentalene group, an indene group, a
naphthalene group, an anthracene group, an azulene
group, a heptalene group, an acenaphthalene group, a
phenalene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, a biphenyl group, a terphenyl
group, a triphenylene group, a fluoranthene group, a
pyrene group, a chrysene group, a picene group, a
perylene group, a pentaphene group, a pentacene
group, a tetraphenyl group, a hexaphenyl group, a
hexacene group, a rubicene group, a trinaphthalene
group, a heptaphenyl group, a pyranthrene group, a
pyridine group, a pyrazine group, a pyridazine group, a
pyrimidine group, a triazine group, a quinoline group,
an isoquinoline group, a quinoxaline group, a quinazo-
line group, a naphthyridine group, an acridine group, a
phenazine group, a benzoquinoline group, a benzoiso-
quinoline group, a phenanthridine group, a phenanthro-
line group, a benzoquinone group, a coumarin group,
an anthraquinone group, a fluorenone group, a furan
group, a thiene group, a silole group, a benzofuran
group, a benzothien group, a benzosilole group, a
dibenzofuran group, a dibenzothiophene group, a
dibenzosilole group, a pyrrole group, an indole group,
an isoindole group, a carbazole group, a benzocarba-
zole group, a dibenzocarbazole group, an imidazole
group, a benzimidazole group, a pyrazole group, a
triazole group, a tetrazole group, an indazole group, an
oxazole group, an isoxazole group, a benzoxazole
group, a benzisoxazole group, a thiazole group, an
isothiazole group, a benzothiazole group, a benzisothi-
azole group, an imidazopyridine group, an imidazopy-
rimidine group, an imidazophenanthridine group, a
benzimidazophenanthridine group, an azadibenzofuran
group, an azacarbazole group, an azadibenzothien
group, a diazadibenzofuran group, a diazacarbazole
group, a diazadibenzothien group, a xanthonene group,
and a thioxanthone group, each substituted with at least
one deuterium, —F, —Cl, —Br, —I, a hydroxy] group,
a cyano group, a nitro group, an amino group, an
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amidino group, a hydrazine group, a hydrazone group,
a C,-C,, alkyl group, a C,-C;, alkoxy group, a phenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an anthracenyl group, an azulenyl group, a
heptalenyl group, an acenaphthyl group, a phenalenyl
group, a fluorenyl group, a spiro-bifluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a
phenanthrenyl group, a biphenyl group, a terphenyl
group, a triphenylenyl group, a fluoranthenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthrenyl group, a
pyridinyl group, a pyrazinyl group, a pyridazinyl
group, a pyrimidinyl group, a triazinyl group, a quino-
linyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a naphthyridinyl group, an
acridinyl group, a phenazinyl group, a benzoquinolinyl
group, a benzoisoquinolinyl group, a phenanthridinyl
group, a phenanthrolinyl group, a benzoquinonyl
group, a cumarinyl group, an anthraquinonyl group, a
fluorenonyl group, a furanyl group, a thienyl group, a
silolyl group, a benzofuranyl group, a benzothienyl
group, a benzosilolyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a dibenzosilolyl group, a
pyrrolyl group, an indolyl group, an isoindolyl group,
a carbazolyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, an imidazolyl group, a benzimida-
zolyl group, a pyrazolyl group, a triazolyl group, a
tetrazolyl group, an indazolyl group, an oxazolyl group,
an isoxazolyl group, a benzoxazolyl group, a benzisox-
azolyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, a benzisothiazolyl group, an
imidazopyridinyl group, an imidazopyrimidinyl group,
an imidazophenanthridinyl group, a benzimidazo-
phenanthridinyl group, an azadibenzofuranyl group, an
azacarbazolyl group, an azadibenzothienyl group, a
diazadibenzofuranyl group, a diazacarbazolyl group, a
diazadibenzothienyl group, a xanthonenyl group, a
thioxanthonyl group, or any combination thereof.
3. The condensed cyclic compound of claim 1, wherein
L,, L,, and L, are each independently: a single bond, a
benzene group, a biphenyl group, a terphenyl group, or
a tetraphenyl group; or
a benzene group, a biphenyl group, a terphenyl group, or
a tetraphenyl group, each substituted with at least one
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, or any combination
thereof.
. The condensed cyclic compound of claim 1, wherein

4
L,, L, and L, are each independently a single bond or a
group represented by Formulae 3-1 to 3-7 below:

3-1
¥ Z31)
X
N

x!
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-continued
32
(Z31)a
®
*/\/\*r
33
(Z31)a
PN
| (Z32) 4
NS | NA
aw
3.4
35
3-6
3-6
37

(Z33)aa
X

wherein in Formulae 3-1 to 3-7,

7, to Z5; are each independently hydrogen, deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclopentenyl group, a cyclohexenyl group, or —Si

(Q31)(Q32)(Q33)5

d4 is an integer from 0 to 4,
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Q5 to Q55 are each independently hydrogen, deuterium,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, or a biphenyl group, and

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

5. The condensed cyclic compound of claim 1, wherein

Ar, and Ar,, are each independently:

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthyl group, a
phenalenyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, a biphenyl group, a
terphenyl group, a fluoranthenyl group, a pyrenyl
group, a chrysenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a pentacenyl group, a
tetraphenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a trinaphthyl group, a hep-
taphenyl group, or a pyranthrenyl group; or

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthyl group, a
phenalenyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, a biphenyl group, a
terphenyl group, a fluoranthenyl group, a pyrenyl
group, a chrysenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a pentacenyl group, a
tetraphenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a trinaphthyl group, a hep-
taphenyl group, or a pyranthrenyl group, each substi-
tuted with at least one deuterium, —F, —CI, —Br, —1,
a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a C,-C,, alkyl group, a C,-Cy,
alkoxy group, a phenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, an anthracenyl group,
an azulenyl group, a heptalenyl group, an acenaphthyl
group, a phenalenyl group, a fluorenyl group, a spiro-
bifluoreny! group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, a biphenyl
group, a terphenyl group, a fluoranthenyl group, a
pyrenyl group, a chrysenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a trinaphthyl
group, a heptaphenyl group, a pyranthreny! group, or
any combination thereof.

6. The condensed cyclic compound of claim 1, wherein

Ar, and Ar,, are each independently: a phenyl group, a
naphthyl group, a fluoreny! group, a spiro-bifluorenyl
group, a biphenyl group, a terphenyl group, or a tetra-
phenyl group; or

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a biphenyl group, a terphenyl
group, or a tetraphenyl group, each substituted with at
least one deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a C,-C,, alkyl group, a C,-C;, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, or any
combination thereof.
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7. The condensed cyclic compound of claim 1, wherein

Ar, and Ar;; are each independently a group represented
by Formulae 4-1 to 4-9 below:

41
Z4Des
X |
X .
42
7 N
Z4Der |
NN
43
7 N
(Zae |
e X
44
45
46
4.7
48
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-continued -continued
49
(Z43)es 53

wherein, in Formulae 4-1 to 4-9,

Y1 18 C(Z45)(Zas)s s)a

5.4

7., 1o 7, are each independently hydrogen, deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, or —Si(Q3;)(Q3,)(Q13),

€3 is an integer from 0 to 3,
e4 is an integer from 0 to 4, >
e5 is an integer from 0 to 3,
7 is an integer from 0 to 7,

Q5 to Q,; are each independently hydrogen, deuterium,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, or a biphenyl group, and

* indicates a binding site to a neighboring atom.

8. The condensed cyclic compound of claim 1, wherein

a moiety represented by 5-6

57

5-8
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-continued -continued
59
5-10
Zs)p Zspp
NS
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/
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Zsap
Zsop
*
s3)7
5-12
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-continued

Zs3)n

wherein, in Formulae 5-1 to 5-22,

Y5, is C(Zsg)(Zso),

75, 1o 75, are each independently hydrogen, deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
a C,-C,, alkyl group, a C,-C,,, alkoxy group, a phenyl
group, or —8i(Q; )(Q32)(Qs3),

3 is an integer from 0 to 3,

4 is an integer from 0 to 4,

{5 is an integer from 0 to 5,

7 is an integer from 0 to 7,

Qj;, to Z; are each independently hydrogen, deuterium, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, or a biphenyl group, and

* indicates a binding site to a neighboring atom.

9. The condensed cyclic compound of claim 1, wherein

R, to Rg are each independently: hydrogen, deuterium,
—F, —Cl, —Br, —1, a cyano group, a C,-C,, alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group,

Jul. 2, 2020

a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C,q alkynyl group, a C,-C,, alkoxy group, a phenyl
group, and a naphthyl group, each substituted with at
least one deuterium, —F, —Cl, —Br, —I, a cyano
group, a phenyl group, a biphenyl group, a terphenyl
group, or any combination thereof.

10. The condensed cyclic compound of claim 1, wherein

the condensed cyclic compound is a group represented by
Formula 1A below:

Formula 1A

wherein, in Formula 1A,

L,, L,, al, a2, Ar;, R, to Rg. b3 to b6, and nl are each
understood by referring to the description provided in
connection with claim 1.

11. The condensed cyclic compound of claim 1, wherein

the condensed cyclic compound is represented by one of
Formulae 1-1 to 1-8:

Formula 1-1
(Re)ss
|
L2 \ /
/
! (Lparg—Ar
/ \ / ps \ T Rs)gs "
.
Ra)p3™ N\ —\J
Ra)p
Formula 1-2
(Re)ss
_|_
iLa)
(Liar
Rsps
Formula 1-3
(Re)es
(Z1)es ==
| Lo
/
/ (Lpar
/ \ / \\ \ T Rslps
R3)p3 N\ ,\-J
(Ra)ps
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-continued
Formula 1-4

Zo)es (Re)ss
S =|=
L2)a
/ 2)a2 \ /
N ) (Lpar A

===
J N\ T Rses
\,

(Ra)pa

Formula 1-5

Formula 1-6

':|ZZ)C4 (TG)M
— / \ —|=
V\\ / L2)a2 \ /
—
) AL

L) =

Formula 1-7

(Zl)c7 (Z2)07

b 4
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wherein, in Formulae 1-1 to 1-8,

L,, L,, al, a2, Ar;, R, to Ry, b3 to b6, and nl are each
understood by referring to the description provided in
connection with claim 1,

Z, and Z, are each independently hydrogen, deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, or —Si(Q3;)(Q3,)(Qs3),

c4 is an integer from O to 4,
¢7 is an integer from 0 to 7,
¢c8 is an integer from 0 to 8, and

Q5 to Q55 are each independently hydrogen, deuterium,
a C,-C,, alkyl group, a C,-C,,, alkoxy group, a phenyl
group, or a biphenyl group.

12. The condensed cyclic compound of claim 1, wherein
the condensed cyclic compound does not comprise an ortho-
phenyl group.

13. The condensed cyclic compound of claim 1, wherein
the condensed-cyclic compound is of Compounds 1 to 60:
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-continued

- o0

a20aY

14. A composition comprising at least one condensed
cyclic compound represented by Formula 1 of claim 1.

(i

15. The composition of claim 14, further comprising a
first compound comprising at least one of a carbazole-based
moiety, an m-phenyl moiety, or a combination thereof.

16. The composition of claim 14, further comprising a
second compound comprising an azine-based moiety.

17. The composition of claim 14, further comprising a
luminescent material.

18. The composition of claim 14, further comprising a
solvent.

19. An organic light-emitting device comprising;
a first electrode;
a second electrode; and

an organic layer located between the first electrode and
the second electrode and comprising an emission layer,
wherein the organic layer comprises at least one con-
densed cyclic compound represented by Formula 1 of
claim 1.

20. The organic light-emitting device of claim 19, wherein

the organic layer further comprises a luminescent mate-
rial, and

the luminescent material emits light from a triplet exciton.

ok % k&
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NUMATA, MASAKI
ITO, MITSUNORI

HO1L51/00 C07C13/567 C09K11/02

C07C13/567 HO1L51/56 HO1L2251/552 C07C2603/18 C09K11/025 HO1L51/5004 HO1L51/5016
HO1L51/0003 HO1L51/0052

2018248446 2018-12-28 JP
1020190136946 2019-10-30 KR
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https://share-analytics.zhihuiya.com/view/eab1b602-1267-4613-8acf-e7ccddcfed65
https://worldwide.espacenet.com/patent/search/family/071124469/publication/US2020212307A1?q=US2020212307A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200212307%22.PGNR.&OS=DN/20200212307&RS=DN/20200212307

