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(57) ABSTRACT

An organic light-emitting device including a first electrode,
a second electrode facing the first electrode, and an organic

(2006.01)
(2006.01)
(2006.01)

layer disposed between the first electrode and the second
electrode, wherein the organic layer comprises an emission
layer and satisfies Equations 1 and 2,

Erymosn—Eriupy0.05 eV Equation 1

Egy7py~Es104py<0 €V, Equation 2

wherein in Equation 1, Bz, o5y 18 a triplet energy (eV)
of the host, and B, is a triplet energy (eV) of the
auxiliary dopant, and wherein in Equation 2, By, -, is
a singlet energy (eV) of the fluorescent dopant, and
Bg1 ) 18 a singlet energy (eV) of the auxiliary dopant,
wherein the emission layer comprises a host, an aux-
iliary dopant, and a fluorescent dopant, and wherein the
auxiliary dopant is selected from compounds repre-
sented by Formula 1:

Formula 1
Rys N, Ris
Y Y
N, / N

Ri Rz

Ary

wherein in Formula 1, Ar, and R, to R, 4 are the same as
described in the specification.

+——19

+—15

T+—11




Patent Application Publication Mar. 2, 2017 US 2017/0062718 A1

FIG. 1

10




US 2017/0062718 Al

ORGANIC LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0123190, filed
on Aug. 31, 2015, in the Korean Intellectual Property Office,
the content of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to organic light-
emitting devices.

[0004] 2. Description of the Related Art

[0005] Compared to devices of the related art, organic
light emitting devices (OLEDs) are self-emission devices
that, have wider viewing angles, higher contrast ratios,
shorter response times, and excellent brightness. OLEDs
also exhibit excellent driving voltage, and response speed
characteristics, and produce full-color images.

[0006] In an example, an organic light-emitting device
may include an anode, a cathode, and an organic layer
disposed between the anode and the cathode, wherein the
organic layer may include an emission layer. A hole trans-
port region may be disposed between the anode and the
emission layer, and an electron transport region may be
disposed between the emission layer and the cathode. Holes
provided from the anode may move toward the emission
layer through the hole transport region, and electrons pro-
vided from the cathode may move toward the emission layer
through the electron transport region. Carriers, such as the
holes and the electrons, recombine in the emission layer,
thereby producing excitons. When these excitons change
from an excited state to a ground state, light is generated.
[0007] Different types of organic light emitting devices are
known. However, there still remains a need in OLEDs
having low driving voltage, high efficiency, high brightness,
and long lifespan.

SUMMARY

[0008] Provided are organic light-emitting devices having
low driving voltage, high efficiency, high luminance, and
long lifespan.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented exemplary embodiments.

[0010] According to an aspect of an exemplary embodi-
ment, an organic light-emitting device includes:

[0011]
[0012]

[0013] an organic layer disposed between the first elec-
trode and the second electrode,

a first electrode,
a second electrode facing the first electrode, and

[0014] wherein the organic layer includes an emission
layer, and

[0015] wherein the organic layer satisfies Equations 1 and
25

[0016] wherein the emission layer includes a host, an

auxiliary dopant, and a fluorescent dopant, and
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[0017] wherein the auxiliary dopant is selected from com-
pounds represented by Formula 1:
Erymosn—Eriupy”0.05 electron Volts Equation 1
Esyzpy~Es14py<0 electron Volts Equation 2

[0018] wherein in Bquation 1, B4, 7057 15 @ triplet energy
(electron Volts) of the host, and B4, 4y, is a triplet energy
(electron Volts) of the auxiliary dopant,

[0019] in Equation 2, Eg, &, is a singlet energy (electron
Volts) of the fluorescent dopant, and Eg, ., is a singlet
energy (electron Volts) of the auxiliary dopant,

Formula 1
Rys N, Ris
Y \r
N __2N
Ri Rz
Ry Ryg
Ary
Formula 2
*
Ry
N\ Rs
R R
2 LA el
e 1A Rg
S
R3
R4 R,
Rg
Formula 2A
Ro
| \/\]
X
Ryo
Formula 2B
@
[0020] Ar, in Formula 1 is a group represented by Formula
2

[0021] ring A, in Formula 2 is a group represented by
Formula 2A,

[0022] ring A, in Formula 2 is a group represented by
Formula 2B,

[0023] X, in Formula 2B is N(R,,), O, or S,

[0024] R, to R, in Formulae 1, 2, 2A, and 2B are each

independently selected from a hydrogen, a 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 substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted C,-Cg,
alkenyl group, a substituted or unsubstituted C,-Cg, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C,,, cycloalkyl group, a sub-
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stituted or unsubstituted C,-C,,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-C,, aryl group, a
substituted or unsubstituted C4-Cg,, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-Cg4, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q;)(Q>)

(Q5), —N(Q,)(Qs), and —B(Qx)(Q,),

[0025] * in Formula 2 indicates a binding site to a neigh-
boring atom,
[0026] at least one of substituents of the substituted

C,-Cq, alkyl group, substituted C,-Cg, alkenyl group, sub-
stituted C,-Cg, alkynyl group, substituted C,-C, alkoxy
group, substituted C;-C,, cycloalkyl group, substituted
C,-C,, heterocycloalkyl group, substituted C;-C, , cycloalk-
enyl group, substituted C,-C,, heterocycloalkenyl group,
substituted C4-Cg aryl group, substituted C4-Cg, aryloxy
group, substituted C4-Cg, arylthio group, substituted C,-Cy,
heteroaryl group, substituted monovalent non-aromatic con-
densed polycyclic group, and substituted monovalent non-
aromatic condensed heteropolycyclic group is selected
from:

[0027] a 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,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, and a C,-Cg, alkoxy group;

[0028] a C,-Cq, alkyl group, a C,-Cq, alkenyl group, a
C,-Cq, alkynyl group, and a C,-Cg, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg, aryl
group, a C,-C, aryloxy group, a C,-Cg, arylthio group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic group, —Si(Q;)(Q1:)(Q;3),
—N(Q,)(Q;5), and —B(Q,6)(Q;);

[0029] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg aryl group, a Cy4-Cg,
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0030] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg aryl group, a Cy4-Cg,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from a 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
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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,-C, 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,, heterocycloalkenyl group, a C,-Cq, aryl group, a
Cs-Cq, aryloxy group, a C4-Cg, arylthio group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed

heteropolycyclic group, —Si(Q,,)(Q22)(Q,3), —N(Q,4)
(Q,5), and —B(Q,4)(Q,7); and
—N(Q34)(Qs5), and

[0031]  —Si(Q5,)(Q32)(Qs3)s
—B(Q36)(Qs7), and

[0032] Q,10Q,,Q,, 10 Q)7 Qy t0Qyy,and Q; to Q47 are
each independently selected from a hydrogen, a substituted
or unsubstituted C, -C, alkyl group, a substituted or unsub-
stituted C,-Cq,, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted 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 substituted or unsubsti-
tuted Cg-Cq, aryl group, a substituted or unsubstituted
Cs-Cq, aryloxy group, a substituted or unsubstituted C,-Cg
arylthio group, a substituted or unsubstituted C,-C,, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.

BRIEF DESCRIPTION OF THE DRAWING

[0033] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with
FIG. 1, which is a schematic cross-sectional view of an
organic light-emitting device according to an embodiment.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments
are merely described below, by referring to the FIGURES,
to explain aspects. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
“at least one selected from,” “one selected from,” and “one
of,” when preceding a list of elements, modity the entire list
of'elements and do not modify the individual elements of the
list.

[0035] It will be understood that when an element is
referred to as being “on” another element, it can be directly
in contact with the other element or intervening elements
may be present therebetween. In contrast, when an element
is referred to as being “directly on” another element, there
are no intervening elements present.

[0036] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
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elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present embodiments.

[0037] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0038] The term “or” means “and/or.” It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifi-
cation, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this general inventive concept belongs. It will
be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and
will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0040] 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.
[0041] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0042] An organic light-emitting device according to an
embodiment of the present disclosure includes:

[0043] a first electrode,

[0044] a second electrode facing the first electrode, and
[0045] an organic layer disposed between the first elec-
trode and the second electrode,

[0046] wherein the organic layer includes an emission
layer, and
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[0047] wherein the emission layer includes a host, an
auxiliary dopant, and a fluorescent dopant.

[0048] The organic light-emitting device satisfies Equa-
tions 1 and 2:
Eqymost—Er1upy0-05 electron Volts (eV) Equation 1
Eg1 mpy—Es1(4py<0 eV. Equation 2

[0049] In Equations 1 and 2,

[0050] E; moss 18 a triplet energy (eV) of the host in the
emission layer, and

[0051] E; p is a triplet energy (eV) of the auxiliary
dopant in the emission layer, and

[0052] Eg, ) is a singlet energy (eV) of the fluorescent
dopant in the emission layer, and

[0053] Eg, 4 is a singlet energy (eV) of the auxiliary
dopant in the emission layer.

[0054] The organic light-emitting device satisfies Equa-
tion 1 (for example, Epy mosn=E7ian equal to or greater
than 0.10 eV and less than or equal to 0.65 eV), which
allows to prevent energy of triplet excitons generated from
the auxiliary dopant in the emission layer, from travelling to
the host in the emission layer, thereby decreasing a prob-
ability of losing the triplet excitons along a route other than
a light-emitting route. Accordingly, the organic light-emit-
ting device may have high efficiency.

[0055] The organic light-emitting device satisfies Equa-
tion 2 (for example, Eg, zr)~Es; 4p) €qual to or greater than
-0.4 eV and less than or equal to -0.05 eV), which allows
energy of singlet excitons generated from the auxiliary
dopant in the emission layer, to rapidly travel to the fluo-
rescent dopant. Accordingly, substantially, light is emitted
from only the fluorescent dopant in the emission layer of the
organic light-emitting device, and thus, a fluorescence spec-
trum having excellent color purity based on the fluorescent
dopant may be realized. Moreover, fluorescence having a
relatively short exciton lifespan may occur, and thus, a
decline in efficiency under high luminance conditions (gen-
erally referred to as a roll-off phenomenon), which may
occur due to interaction between a plurality of excitons
(exciton-exciton interaction) or interaction between an exci-
ton and a charge (a hole or electron) (exciton-polaron
interaction), may be limited. Accordingly, the organic light-
emitting device may have high efficiency. Further, the aux-
iliary dopant comes to have a short exciton lifespan, and
therefore, a probability of chemical or physical degradation
which may occur in an exciton state of the auxiliary dopant
may decrease. Accordingly, the organic light-emitting
device satisfying Equation 2 may have improved durability.
[0056] The auxiliary dopant in the emission layer may be
selected from compounds represented by Formula 1:

Formula 1
Rls\rNY Ryg
N / N

Ri Rz

Ar)
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-continued
. Formula 2
R |
N, Rs
\ .
R JA T
- ~.14:‘ AZ R6
R
3 R, R
Rg
R Formula 2A
9
)
X
Rio
Formula 2B

[0057] Ar, in Formula 1 is a group represented by Formula
2. Formula 2 may be understood by referring to a description
thereof provided later.

[0058] Ring A, in Formula 2 is condensed sharing carbons
with a neighboring 5-membered ring and ring A,. Ring A,
is a group represented by Formula 2A.

[0059] Ring A, in Formula 2 is condensed sharing carbons
with ring A| and a neighboring 6-membered ring. Ring A, is
a group represented by Formula 2B.

[0060] For example, Ar, in Formula 1 may be selected
from groups represented by Formulae 2-1 to 2-6:

Formula 2-1

Formula 2-2
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-continued

Formula 2-3

Formula 2-4

Formula 2-5

Formula 2-6

[0061] In Formulae 2-1 to 2-6, descriptions of R, to R},
and X, are the same as provided herein, and * indicates a
binding site to a neighboring atom.

[0062] X, in Formulae 2B and 2-1 to 2-6 is N(R,,), O, or
S

[0063] For example, X, in Formulae 2B and 2-1 to 2-6
may be N(R,,), but is not limited thereto.

[0064] R, toR,,in Formulae 1, 2, 2A, 2B, and 2-1 to 2-6
may be each independently selected from a hydrogen, a
deuterium, —F, —Cl1, —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 substituted or
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unsubstituted C,-Cg, alkyl group, a substituted or unsubsti-
tuted C,-Cq4, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted 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 substituted or unsubsti-
tuted C,-Cy, aryl group, a substituted or unsubstituted
C-Cy aryloxy group, a substituted or unsubstituted C,-Cg
arylthio group, a substituted or unsubstituted C,-C,, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-

eropolycyclic group, —Si(Q,)(Q>)(Q5): —N(Q4)(Qs), and
—B(Q(Q)-

[0065] For example, X, in Formulae 2B and 2-1 to 2-6
may be N(R,,),

[0066] R,, may be selected from

[0067] a cyclopentyl group, a cyclohexyl group, a cyclo-

heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, and a dibenzo-
carbazolyl group; and

[0068] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, and a dibenzo-
carbazolyl group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, and —S8i(Q;,)(Q3,)(Q;3), and

[0069] Q;, to Q,; may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group,
and a naphthyl group.
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[0070] According to an embodiment, X, in Formulae 2B
and 2-1 to 2-6 may be N(R,,), O, or S,

[0071]
[0072] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, and a dibenzocarbazolyl group;
and

[0073] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a thiophenyl group, a furanyl group, a
carbazolyl group, a benzofuranyl group, a benzothiophenyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, and a dibenzocarbazolyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, and —Si
(Q31)(Q32)(Q33), and

[0074] Q;, to Q;; may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group,
and a naphthyl group.

[0075] Inanotherexample, R, toR,,in Formulae 1,2, 2A,
and 2-1 to 2-6 may be each independently selected from
[0076] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy group;
[0077] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a 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, and a
phosphoric acid group or a salt thereof;

[0078] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl group, a

R,, may be selected from
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benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, and a dibenzo-
carbazolyl group;

[0079] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl group, a
benzothiophenyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, and a dibenzo-
carbazolyl group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, and —81(Q3,)(Q32)(Q53); and

[0080] —Si(Q,)(Q)(Q5), and

[0081] Q, to Q;and Q;, to Q;; may be each independently
selected from a hydrogen, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, and a naphthyl group.

[0082] According to an embodiment, R, to R, , in Formu-
lae 1, 2, 2A, and 2-1 to 2-6 may be each independently
selected from

[0083] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy group;

[0084] a phenyl group, a biphenyl group, and a terphenyl
group;
[0085] a phenyl group, a biphenyl group, and a terphenyl

group, each substituted with at least one selected from a
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 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,-C,, alkoxy group, a phenyl group, a naphthyl group,
and —Si(Q;;)(Q52)(Q53); and

[0086] —Si(Q,)(Q.)(Qs), and

[0087] Q, to Q;and Q5 to Q;; may be each independently
selected from a hydrogen, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, and a naphthyl group, but embodiments are not
limited thereto.

[0088] Inanother example, R, and R, in Formula 1 may
be each independently selected from

[0089] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
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group, an acenaphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group a dibenzosilolyl group, a thiadiazolyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group; and

[0090] a phenyl group, a biphenyl group, a terphenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a spiro-
bifluorenyl group, a benzofluorenyl group, a dibenzofluore-
nyl group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group a dibenzosilolyl group, a thiadiazolyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
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cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
group, a phenyl group, a biphenyl group, a terphenyl group,
a pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, and —Si(Q;;)(Q5,)(Qs3), and

[0091] Q;, to Q;; may be each independently selected
from a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl group, and a naphthyl
group.

[0092] The auxiliary dopant in the emission layer may be
selected from Compounds 1 to 39:
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[0093] The auxiliary dopant is selected from compounds
represented by Formula 1, wherein “triazine ring” and “Ar,”
in Formula 1 are bound to each other at “para-position”
through “phenylene linker”. Accordingly, the organic light-
emitting device including the auxiliary dopant may have

excellent color purity, excellent luminescent efficiency, and
long lifespan.

[0094] The emission layer further includes a host in addi-
tion to the auxiliary dopant as described above. The host
may have may have a triplet energy level of 2.9 eV or
greater, for example, a triplet energy level that is equal to or
greater than 2.9 eV and less than or equal to 4.5 eV.
Accordingly, energy may be efficiently transferred from the
host to the auxiliary dopant and the fluorescent dopant, and
thus, the organic light-emitting device may have high effi-
ciency.

[0095] The host may be selected from compounds includ-
ing a fluorene ring, a carbazole ring, a dibenzofuran ring, a
dibenzothiophene ring, an indenocarbazole ring, an indolo-
carbazole ring, a benzofurocarbazole ring, a benzothieno-
carbazole ring, an acridine ring, a dihydroacridine ring, a
triindolobenzene ring, or any combination thereof. Alterna-
tively, the host may be a silicon compound or a phosphine
oxide compound.

Vg
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[0096] For example, the host may be selected from com-
pounds represented by Formulae 11-1 to 11-3, but is not
limited thereto:

Formula 11-1
Ary—— Lo r—Ar)a

Ti3—(L13)a13 Xi LiDar—T1
\( Y

Xz 2 X3

Formula 11-2

L12)arz—T12
Formula 11-3
Tor—@2Da2r—(T22)e1

Formula 13
*

P
Ra)ps— CY3 Kj CYy +—Rap)n
e TN

PR
A
0
’
:
[
Iy
S
“~

N
Rao)p3—— CY3 ]i /\[ CYs +—Raohss
e’ A% A

Formula 14
*

[0097] In Formulae 11-1 to 11-3, 13, and 14,

[0098] Ar,, and Ar,, are each independently selected from
groups represented by Formulae 13 and 14,

[0099] X, is N(R,,), O, or S,

[0100] X, is N or C(T,,), X, is N or C(T}5), X5 is N or
C(T,4), and at least one of X, to X is N,

[0101] T,, and T,, are each independently selected from
*o(L21)a21-S1(Qui)(Qa2)(Qaz) and *-(Lz)) 40, -PE0XQs1)

(Q52)s

[0102] L,, toL,;andL,, are each independently selected
from
[0103] a single bond, O, S, Si(Qg;)(Qs,), a phenylene

group, a pyridinylene group, a pyrimidinylene group, a
pyrazinylene group, a pyridazinylene group, a triazinylene
group, a naphthylene group, a fluorenylene group, a carba-
zolylene group, a dibenzofuranylene group, and a dibenzo-
thiophenylene group; and

[0104] a phenylene group, a pyridinylene group, a pyrim-
idinylene group, a pyrazinylene group, a pyridazinylene
group, a triazinylene group, a naphthylene group, a fluore-
nylene group, a carbazolylene group, a dibenzofuranylene
group, and a dibenzothiophenylene group, each substituted
with at least one selected from a deuterium, —F, —Cl, —DBr,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, —CF;, —CF,H, —CFH,, a phenyl group, a
phenyl group substituted with a cyano group, a biphenyl
group, a terphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
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group, a triazinyl group, a fluorenyl group, a carbazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl! group,
and —Si(Q;)(Q72)(Q73).

[0105] all to al3 and a2l are each independently an
integer selected from 0 to 5, two or more groups L, are
identical to or different from each other when all is 2 or
more, two or more groups L, are identical to or different
from each other when al2 is 2 or more, two or more groups
L, ; are identical to or different from each other when al3 is
2 or more, and two or more groups L, are identical to or
different from each other when a2l is 2 or more,

[0106] CY; and CY, are each independently selected from
a benzene, a naphthalene, a fluorene, a carbazole, a benzo-
carbazole, an indolocarbazole, a dibenzofuran, and a diben-
zothiophene,

[0107] A, is selected from

[0108] asingle bond, a C,-C, alkylene group, and a C,-C,
alkenylene group; and

[0109] a C,-C, alkylene group and a C,-C, alkenylene
group, each substituted with at least one selected from a
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 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,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a fluorenyl group, a carbazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and —Si
(QSI)(QSZ)(Q83)S

[0110] T,, to T, Rss, Ry, and R, are each indepen-
dently selected from a hydrogen, a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group (CN), 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 substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted C,-Cg,
alkenyl group, a substituted or unsubstituted C,-Cg, 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 C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-Cg, aryl group, a
substituted or unsubstituted C4-Cg,, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-Cg4, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, and —Si(Q,)

(Q92)(Q93 )5

[0111] b3 and b4 are each independently an integer
selected from O to 10,

[0112] clis O, 1,2, 0r3,
[0113] * indicates a binding site to a neighboring atom,
[0114] atleast one of substituents of the substituted C,-Cy,,

alkyl group, substituted C,-C, alkenyl group, substituted
C,-Cg, alkynyl group, substituted C;-C,, cycloalkyl group,
substituted C,-C,, heterocycloalkyl group, substituted
C;-C,, cycloalkenyl group, substituted C,-C,, heterocy-
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cloalkenyl group, substituted C4-Cg, aryl group, substituted
Cs-Cqo aryloxy group, substituted C,-Cy,, arylthio group,
substituted C,-Cg, heteroaryl group, substituted monovalent
non-aromatic condensed polycyclic group, and substituted
monovalent non-aromatic condensed heteropolycyclic
group is selected from a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C, alkyl group, a C,-Cg, alkenyl group, a
C,-Cq, alkynyl group, a C,-Cg, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C, ; heterocycloalkyl group, a C,-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cg, aryl group, a C4-Ci aryloxy group, a C4-Cg, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, and —Si(Q, ;)

(Q102)(Q,03); and

[0115] Q4 t0 Qus, Qsys Qsz; Qs Qo2 Q71 10 Qy3, Qg 10
Qg3 Qg 10 Qg3, and Q,,; to Q5 are each independently

selected from a hydrogen, a deuterium, a C,-Cg, alkyl group,
a C,-Cq, alkoxy group, a C;-C,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cg, aryl group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group.

[0116] Ar,, and Ar,, in Formula 11-1 may be each inde-
pendently selected from groups represented by Formulae
13-1 to 13-8 and 14-1 to 14-8:

Formula 13-1

R4y
Rqp
Ryz
Ryy
Formula 13-2
Ryz
Ryz

Rys
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-continued -continued
Formula 13-3 Formula 13-8

R4y
Ryz

Ryz

Rys

Formula 13-4

Ry
* Ryz
Rsq Rss \
Raz N
Ry3
Rs O A Ra

Formula 14-1

X2
Rs; Rss
Formula 13-5
" R4y Rss Rse
Rss \ Raz Formula 14-2
N %
R. N Rsi Ry Ry
34 >
Ry3 Rsz\/’/ N
A = X5
X2 4 Rys
X
R3q 12
A2 Ryy
Rs1
Rss Rss Ras

Rz

Formula 14-3
Formula 13-6

Formula 14-4

Formula 13-7

Rsy

A
Ryg
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-continued
Formula 14-5
Ray
Rss Raz
Xis
R34
Ryz
Ay
X5 Rys
=
I\
N /7 Rs2
&
*
Formula 14-6
Formula 14-7
Formula 14-8

[0117] In Formulae 13-1 to 13-8 and 14-1 to 14-8,
[0118] X, and X, are each independently C(R;,)(R;5),
N(R;,), O, or S,

[0119] X,5 and A, may be understood by referring to
descriptions thereof provided herein,

[0120] R;; to R;, may be each independently understood
by referring to a description of R,, provided herein,
[0121] R, to R,, may be each independently understood
by referring to a description of R, provided herein, and
[0122] * indicates a binding site to a neighboring atom.
[0123] According to an embodiment, in Formulae 13, 14,
13-1 to 13-8, and 14-1 to 14-8,

Mar. 2, 2017

[0124] A, may be selected from

[0125] a single bond, a C,-C, alkylene group, and a C,
alkenylene group; and

[0126] aC,-C, alkylene group and a C, alkenylene group,
each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, and —Si(Qg;)(Qsg,)
(Q83)s

[0127] R,,, R;, to Ry, and R,, to R,, may be each
independently selected from

[0128] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy group;
[0129] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a 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 phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a fluorenyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group;

[0130] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naphthyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, and a dibenzothiophenyl group;

[0131] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naphthyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, and a dibenzothiophenyl group, each substituted
with at least one selected from a deuterium, —F, —Cl, —DBr,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naphthyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, and a dibenzothiophenyl group; and

[0132] —S5i(Qs1)(Qs2)(Qo3), and

[0133] Qg to Qg5 and Qg to Qy; may be each indepen-
dently selected from a hydrogen, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, and a naphthyl group, but embodiments are
not limited thereto.

[0134] According to another embodiment, Ar,, and Ar,, in
Formula 11-1 may be each independently selected from
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groups represented by Formulae 17-1 to 17-19 and 18-1 to -continued

18-8, but embodiments are not limited thereto: F
ormula 17-8

Formula 17-1

*

WY

*

Formula 17-2

N Formula 17-9
R\ | Rao
CN
Formula 17-3
*
N,
R\ = R Formula 17-10
*
CN CN |
Formula 17-4 N
\ VA
R\ o 0
Formula 17-5
T Formula 17-11
N
DAY
RiTye -/ Ra

Formula 17-6

Formula 17-12

Formula 17-13
Formula 17-7
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-continued
Formula 17-14

Formula 17-15

Formula 17-16

Formula 17-17

Formula 17-18

Formula 17-19

18
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-continued
Formula 18-1
Xis
R30 — — R40
Formula 18-2
Xis
Ry - R4o
Formula 18-3
Xis
TN
R35 — e Rao
Formula 18-4
Xis
R30 — P R40
Formula 18-5
Rao
Formula 18-6
R3o
R R
Formula 18-7
* I N Xis N
R30_| —TRyo
/ /
R R
Formula 18-8
I N Xis AN
R30_| — R4
/ /
R R
[0135] In Formulae 17-1 to 17-19 and 18-1 to 18-8,
[0136] X,, and X, are each independently C(R;,)(R5g),

N(R;), O, or S,

[0137] X,5is N(R,,), O, or S,

[0138] R'and R" are each independently selected from a
hydrogen, a deuterium, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a carbazolyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group,

[0139] R,,, R;,, and R,, may be understood by referring
to descriptions thereof provided herein,
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[0140] R;,, to R;,. may be understood by referring to the
description of R;,, and

[0141] * indicates a binding site to a neighboring atom.
[0142] For example, in Formulae 17-1 to 17-19 and 18-1
to 18-8,

[0143] R,,, R, Ry, to Ry, and R,, may be each
independently selected from

[0144] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
—CF,, —CF,H, and —CFH,;

[0145] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naphthyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, and a dibenzothiophenyl group;

[0146] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naphthyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, and a dibenzothiophenyl group, each substituted
with at least one selected from a deuterium, —F, —CI, —DBr,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, —CF;, —CF,H, —CFH,, a phenyl group, a
biphenyl group, a terphenyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a naphthyl group, a fluorenyl group, a
carbazolyl group, a dibenzofuranyl group, and a dibenzoth-
iophenyl group; and

[0147]  —Si(Qs,)(Qs2)(Qs3), and

[0148] Q,, to Qy; may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group,
and a naphthyl group, but embodiments are not limited
thereto.

[0149] L,,toL,;andL,, in Formulae 11-1to 11-3 may be
each independently selected from a single bond, O, S,
Si(Qg)(Qs), and a group represented by one of Formulae
3-1 to 3-56:

Formula 3-1
" (Z1)aa

=

Formula 3-2
" (Z1)as

Formula 3-3
" (Z a3

.2,2017

Formula 3-4

Formula 3-5

Formula 3-6

Formula 3-7

Formula 3-8

Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12

Formula 3-13

Formula 3-14
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-continued

(ZDa
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b4
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(Z a2
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N
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i~
N
o
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)
z,

A
N

5

5

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21

Formula 3-22

Formula 3-23

Formula 3-24

Formula 3-25

Formula 3-26

20

-continued

Z,

Nl)\N
)\
* N ®1
(Z1)aa
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*/

(Z1)as
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*/

(Z1)as
¥
* /
N (Z a3

| A
x5

*

(Z1)as

N|/§/\
*xg

*/

*/
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Formula 3-27

Formula 3-28

Formula 3-29

Formula 3-30

Formula 3-31

Formula 3-32

Formula 3-33

Formula 3-34

Formula 3-35
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N Zoe
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z,

Yy

s\

Yy

=

s\ / /\ (Z)FE

x!

¢V Y

@D\ / /\ Z2)a3

Formula 3-36

Formula 3-37

Formula 3-38

Formula 3-39

Formula 3-40

Formula 3-41

Formula 3-42

Formula 3-43

Formula 3-44
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Formula 3-45

Formula 3-46

Formula 3-47

Formula 3-48

Formula 3-49

Formula 3-50

Formula 3-51

Formula 3-52

Formula 3-53
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Formula 3-54
Y
= \ "
\
s\ / T~ @s
*
Formula 3-55
Y
e \
/\ S—
Zs™ \ / (Z2)as
»
*
Formula 3-56
Yy
e \
/\ Se—
Zs™ \ / Z2)a3
* &1

[0150] In Formulae 3-1 to 3-56,
[0151] Y, is selected from O, S, C(Z;)(Z,), and N(Zs),
[0152] Z, to Z are each independently selected from a

hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, —CFj,,
—CF,H, —CFH,, a phenyl group, a phenyl group substi-
tuted with a cyano group, a biphenyl group, a terphenyl
group, a naphthyl group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a fluorenyl group, a carbazolyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, and —Si(Q,;)(Q;,)
(Q75):

[0153] Q,, to Q,; are each independently selected from a
hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a fluorenyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group,

[0154] d4 is an integer selected from O to 4,

[0155] d3 is an integer selected from O to 3,

[0156] d2 is an integer selected from O to 2, and

[0157] * and *' each indicate a binding site to a neighbor-
ing atom.

[0158] According to an embodiment,L,;; toL,;andL,, in

Formulae 11-1 to 11-3 may be each independently selected
from a single bond, O, S, Si(Qg,)(Qs,), and a group repre-
sented by one of Formulae 3-1 to 3-56, and at least one of
L,, in the number of all, at least one of L, , in the number
of' al2, at least one of L, ; in the number of al3, or at least
one of [, in the number of a21 may be each independently
selected from O, Si(Qg,;)(Qs,), and a group represented by
one of Formulae 3-15 to 3-56.

[0159] According to another embodiment, a group repre-
sented by *-(Lyj)q11-%, *(L12)a1a-™, *-(Li3)a1a-™, and
*-(Lyy) a0 -* may be selected from groups represented by
Formulae 3-41 to 3-56, but embodiments are not limited
thereto.

22

[0160]

Mar. 2, 2017

In some embodiments, a group represented by

*-(Lll)all-*'5 *-(L12)a12-*'5 *_(L13)a13_*'5 and *_(L21)a21_*'
may be a single bond or a group represented by one of
Formulae 4-1 to 4-42, but embodiments are not limited

thereto:

* Xn

X=X

*%\/

Xo4=Xa3

Xo1=X2

N\ /

Xo4—X3

X=X
\ 7/

X=X
*

>:X22

X:
N/

X24=Xp3

*

—X,
X2

A\Y /

X24—Xp3

* Bl

>:X22

X
N/

X4=X23
*
X5 =
X2

A\Y /

Xo3—Xn

"
"
X31=X32
\ /> )
X34= X33
"
X31:<
X352
\ 7
X34— X33
"
\X
32
\ 7
X34= X33
X31=X52
o=
X34—X33
"
X31=<
X352
N
X34—X33
— X3,
\X
32
\ 7
X34—X33
X31=X52
\ /
X34=X33

'

Formula 4-1

Formula 4-2

Formula 4-3

Formula 4-4

Formula 4-5

Formula 4-6

Formula 4-7

Formula 4-8

Formula 4-9

Formula 4-10
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Xo1=
X2
Y/
X23— X4

-continued
Formula 4-11

X31=X5
\
X33

</

Formula 4-12

X21=X22

=

X24—Xo3

X=X

~ <

Xo4=Xa3

X01=X2

\ /

X24—Xo3

X=X

\ /

Xo4=Xa3

X21=X22

\ /7

X24—Xo3

X21=X22

\ /

Xo4=Xa3

Formula 4-13

X31=X32

\/>—<\/%

X34—X33

Formula 4-14

X34= X33 Xu3
Formula 4-15
"
X31=X5 —X4
\X4
2
N\ 7/ \ 7
X34—X33 Xaa—Xg3
Formula 4-16
"
X42 ‘<
7\
X4 3
_/
X4
X3 1=
X352
N
X34= X33
Formula 4-17
Xa2—X43
7N
X41
X4
X3 1=
X352
\ 7
X34— X33
Formula 4-18
Xa2—X43
7N
X41 X34
X31= !
X352
N
Xy—X33
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X *
XN N\
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X X
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Formula 4-19

Formula 4-20

Formula 4-21

Formula 4-22

Formula 4-23

Formula 4-24

Formula 4-25
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Xa2—X43
V4
X4 \>_ !
— Xy4
X=X X31=
Xz< / \ //X32
>_ Xa3 X34= X33
Xaa=Xy
2N
X4 4
X21=X2 X31= *
Xz{ / \ //X32
>_ Xa3 X34= X33
>: Xp3
Xy \X4
3 / *
X41
Xo1=Xn —X3

X=X

% %_<\ )\ )
Xa3 X34—X33 Xaq—Xa3

®/

Formula 4-26

Formula 4-27

Formula 4-28

Formula 4-29

Formula 4-30

Formula 4-31
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Formula 4-32

Formula 4-33

Formula 4-34

Formula 4-35

Formula 4-36

Formula 4-37
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Formula 4-38
Formula 4-39
Formula 4-40
Formula 4-41
Formula 4-42
*
Xo1= X51=Xs2
/ \
X2< / (0] //X33
\
X3—Xoa X35

x!

[0161] In Formulae 4-1 to 4-42,

[0162] X,, is NorC(Z,;), X5, is Nor C(Z,,), X,5 is Nor
C(Z,3), X54 18 Nor C(Z,,), X5, is N or C(Z5,), X5, is N or
C(Z5,), X35 1s N or C(Z53), X5, 1s N or C(Z,,), X,; is N or
C(Z4), X45 18 N or C(Z,,), X435 18 N or C(Z,3), and X, is
N or C(Z,,), wherein each of X, to X,, is not simultane-
ously N, wherein each of X5, to X5, is not simultaneously N,
and a wherein each of X, to X,, is not simultaneously N,
[0163] Z,, to Z,,, Z5, to Z,,, and Z,, to Z,, are each
independently selected from a hydrogen, a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, —CF,, —CF,H, —CFH,, a phenyl group, a
phenyl group substituted with a cyano group, a biphenyl
group, a terphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a fluorenyl group, a carbazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl! group,

and —Si(Q7;)(Q72)(Q73)s

Mar. 2, 2017

[0164] Q,, to Q,; are each independently selected from a
hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a pyridinyl group, a pyrimidinyl group, a pyrazi-
nyl group, a pyridazinyl group, a triazinyl group, a fluorenyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, and

[0165] * and *' each indicate a binding site to a neighbor-
ing atom.
[0166] Two of X, to X; or all three of X, to X; in Formula

11-2 may be N.

[0167] For example, T,; to T s in Formula 11-2 may be
each independently selected from

[0168] a hydrogen, a deuterium, —F, a cyano group, a
C,-C,, alkyl group, a C,-C, , alkoxy group, —CF;, —CF,H,
and —CFH,;

[0169] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a deuterium,
—F, a cyano group, —CF;, —CF,H, and —CFH,;

[0170] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group;

[0171] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least one
selected from a deuterium, —F, a cyano group, a C,-C,,
alkyl group, a C,-C,, alkoxy group, —CF;, —CF,H,
—CFH,, a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group; and

[0172] —S5i(Q51)(Qs2)(Qo3), and

[0173] Q,, to Qs may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group,
a pyridinyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, a dibenzofuranyl group, and a dibenzoth-
iophenyl group, but embodiments are not limited thereto.
[0174] T,, and T,, in Formula 11-3 may be each indepen-

dently selected from *-(Ly)),01-S1(Qa41)(Q42)(Qua) and
*(L21)a21 - P(0)(Q5,)(Qs2), and Qy; 10 Qgs. Qsy, and Qs
may be each independently selected from

[0175] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group; and

[0176] a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least one
selected from a deuterium, —F, a cyano group, a C,-C,,
alkyl group, a C,-C,, alkoxy group, —CF;, —CF,H,
—CFH,, a phenyl group, a biphenyl group, a terphenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group,

[0177] but embodiments are not limited thereto.

[0178] According to an embodiment, the host may include
at least one cyano group.

For example, the host may be a compound represented by
one of Formulae 11-1 to 11-3 and having at least one cyano
group, but is not limited thereto.
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[0179] For example, the host may be selected from Com
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[0180] The emission layer further includes a fluorescent
dopant in addition to the host and auxiliary dopants as
described above. The organic light-emitting device satisfies
Equation 2, and therefore, the fluorescent dopant in the
emission layer substantially contributes to light-emitting of
the emission layer. Accordingly, the organic light-emitting
device may have high efficiency due to use of the auxiliary
dopant, which is a thermally activated delayed fluorescence
emitter, and may emit light having excellent color purity due
to use of the fluorescent dopant.

H24

)

P

[0181] The fluorescent dopant may be selected from a
condensed polycyclic compound and a styryl compound.

[0182] For example, the fluorescent dopant may include a
naphthalene core, a fluorene core, a spiro-bifiuorene core, a
benzofluorene core, a dibenzofluorene core, a phenanthrene
core, an anthracene core, a fluoranthene core, a triphenylene
core, a pyrene core, a chrysene core, a naphthacene core, a
picene core, a perylene core, a pentaphene core, an indeno-
anthracene core, a tetracene core, a bisanthracene core, a
core represented by one of Formulae 501-1 to 501-18, or any
combination thereof, but is not limited thereto:
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Formula 501-6
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-continued -continued

Formula 501-11 Formula 501-15

Formula 501-16

Formula 501-17

Formula 501-13 I O I .

[0183] Alternatively, the fluorescent dopant may be
selected from a styryl-amine compound and a styryl-carba-
zole compound, but is not limited thereto.

' [0184] According to an embodiment, the fluorescent dop-

ant may be selected from compounds represented by For-
mula 501:

Formula 501

Formula 501-18

(Lsonra1—Rso1
Formula 501-14 Arsor—T (Lsos)sas— N

(Lso2ka2— Rso2

O xd4 -
0.0 [0185] In Formula 501,

[0186] Ars,, is selected from

. [0187] a naphthalene group, a fluorene group, a spiro-
bifluorene group, a benzofluorene group, a dibenzofluorene

group, a phenanthrene group, an anthracene group, a fluo-
ranthene group, a triphenylene group, a pyrene group, a
chrysene group, a naphthacene group, a picene group, a
perylene group, a pentaphene group, an indenoanthracene
group, a tetracene group, a bisanthracene group, and a group
represented by one of Formulae 501-1 to 501-18; and
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[0188] a naphthalene group, a fluorene group, a spiro-
bifluorene group, a benzofluorene group, a dibenzofluorene
group, a phenanthrene group, an anthracene group, a fluo-
ranthene group, a triphenylene group, a pyrene group, a
chrysene group, a naphthacene group, a picene group, a
perylene group, a pentaphene group, an indenoanthracene
group, a tetracene group, a bisanthracene group, and a group
represented by one of Formulae 501-1 to 501-18, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C, alkyl group, a C,-Cg,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cg, 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-Cgy, aryl group, a C4-Cg, aryloxy
group, a C4-C, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic

group, and —Si(Qs0;)(Qs02)(Qso3) (Wherein Qsq; 10 Qsos
are each independently selected from a hydrogen, a C,-Cg,

alkyl group, a C,-C, alkoxy group, a C4-Cg, aryl group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group),

[0189] Ls,, to Lsy5 are each independently selected from
a substituted or unsubstituted C,-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C,, cycloalk-
enylene group, a substituted or unsubstituted C,-C, , hetero-
cycloalkenylene group, a substituted or unsubstituted
Cy-Cq, arylene group, a substituted or unsubstituted C,-Cy,
heteroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted divalent non-aromatic condensed heteropo-
lycyclic group,

[0190] R, and R, are each independently selected from
[0191] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazole group, a triazinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
group; and

[0192] a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a spiro-bifluo-
renyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, a triazinyl
group, a dibenzofuranyl group, and a dibenzothiophenyl
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group, each substituted with at least one selected from a
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C, -C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
triazinyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group,

[0193] xd1 to xd3 are each independently selected from O,
1,2, and 3, and

[0194] xd4 is selected from O, 1, 2, 3, 4, 5, and 6.
[0195] For example, in Formula 501,

[0196] Ars,, may be selected from

[0197] a naphthalene group, a fluorene group, a spiro-

bifluorene group, a benzofluorene group, a dibenzofluorene
group, a phenanthrene group, an anthracene group, a fluo-
ranthene group, a triphenylene group, a pyrene group, a
chrysene group, a naphthacene group, a picene group, a
perylene group, a pentaphene group, an indenoanthracene
group, a tetracene group, a bisanthracene group, and a group
represented by one of Formulae 501-1 to 501-18; and

[0198] a naphthalene group, a fluorene group, a spiro-
bifluorene group, a benzofluorene group, a dibenzofluorene
group, a phenanthrene group, an anthracene group, a fluo-
ranthene group, a triphenylene group, a pyrene group, a
chrysene group, a naphthacene group, a picene group, a
perylene group, a pentaphene group, an indenoanthracene
group, a tetracene group, a bisanthracene group, and a group
represented by one of Formulae 501-1 to 501-18, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, a fluorenyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a carbazolyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
quinolinyl group, an isoquinolinyl group, and —Si(Qsq,;)
(Qs02)(Qs03) (Wherein Qs to Qso; may be each indepen-
dently selected from a hydrogen, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, and a naphthyl group),

[0199] L, to Ls,; may be understood by referring to a
description of L,; provided herein,

[0200] xd1 to xd3 may be each independently selected
from 0, 1, and 2,

[0201] xd4 may be selected from 0, 1, 2, and 3, but
embodiments are not limited thereto.
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[0202] The fluorescent dopant may include, for example,
at least one compound selected from Compounds FD(1) to
FD(14) and FD1 to FD13:

Compound FD(1)
s OO ) Q
Compound FD(2)
as OO~ ) S
)
Compound FD(3) Compound FD(4)
Compound FD(5)
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[0203] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting device 10 according to an embodi-
ment. Hereinafter, the structure of an organic light-emitting
device according to an embodiment and a method of manu-
facturing an organic light-emitting device, according to an
embodiment, will be described in connection with FIG. 1.
The organic light-emitting device 10 includes a first elec-
trode 11, an organic layer 15, and a second electrode 19,
which are sequentially stacked on each other in this order.

[0204] A substrate may be additionally disposed under the
first electrode 11 or on the second electrode 19. As the
substrate, any substrate that is used in a general organic
light-emitting device may be used, and the substrate may be
a glass or transparent plastic substrate with excellent
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and water-resistance.

[0205] For example, the first electrode 11 may be formed
by depositing or sputtering a material for forming a first
electrode on the substrate. The first electrode 11 may be an
anode. The material for forming a first electrode may be
selected from materials having a high work function to
facilitate hole injection. The first electrode 11 may be a
reflective electrode, a semi-transmissive electrode, or a

820

transmissive electrode. The material for forming a first
electrode may be, for example, indium tin oxide (ITO),
indium zinc oxide (IZO), tin oxide (SnO,), or zinc oxide
(Zn0O). Alternatively, the material for forming a first elec-
trode may be metal, such as magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magne-
sium-indium (Mg—In), or magnesium-silver (Mg—Ag).
[0206] The first electrode 11 may have a single-layer
structure or a multi-layer structure including two or more
layers. For example, the first electrode 11 may have a
three-layered structure of ITO/Ag/ITO, but the structure of
the first electrode 11 is not limited thereto.

[0207] The organic layer 15 is disposed on the first elec-
trode 11.
[0208] The organic layer 15 may include a hole transport

region, an emission layer, and an electron transport region.
[0209] The hole transport region may be disposed between
the first electrode 11 and the emission layer.

[0210] The hole transport region may include at least one
of a hole injection layer, a hole transport layer, an electron
blocking layer, and a buffer layer.

[0211] The hole transport region may include only either
a hole injection layer or a hole transport layer. Alternatively,
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the hole transport region may have a structure of hole -continued
injection layer/hole transport layer or a structure of hole
injection layer/hole transport layer/electron blocking layer,
wherein layers of each structure are sequentially stacked in
this stated order from the first electrode 11.

[0212] When the hole transport region includes a hole
injection layer, the hole injection layer may be formed on the
first electrode 11 by using any one of various methods, such
as vacuum deposition, spin coating, casting, and Langmuir-
Blodgett (LB) method.

[0213] When the hole injection layer is formed by vacuum
deposition, the deposition conditions may vary according to
the material that is used to form the hole injection layer and
the structure and thermal characteristics of the hole injection
layer. For example, the deposition conditions may include a
deposition temperature of about 100 to about 500° C., a
vacuum pressure of about 1078 to about 107> torr, and a
deposition rate of about 0.01 to about 100 angstrom per
second (A/sec), but are not limited thereto.

[0214] When the hole injection layer is formed using spin
coating, coating conditions may vary according to the mate-
rial that is used to form the hole injection layer and the
structure and thermal characteristics of the hole injection
layer. For example, a coating speed may be from about 2,000
revolutions per minute (rpm) to about 5,000 rpm, and a
temperature at which heat treatment is performed to remove
a solvent after coating may be from about 80° C. to about
200° C. However, the coating conditions are not limited
thereto.

[0215] Conditions for forming the hole transport layer and
the electron blocking layer may be understood by referring
to the conditions for forming the hole injection layer.
[0216] The hole transport region may include, for
example, at least one selected from m-MTDATA, TDATA,
2-TNATA, NPB, p-NPB, TPD, Spiro-TPD, Spiro-NPB,
methylated NPB, TAPC, HMTPD, 4.4',4"-tris(N-carbazolyl)
triphenylamine (TCTA), polyaniline/dodecylbenzenesulfo-
nic acid (Pani/DBSA), poly(3,4-ethylenedioxythiophene)/
poly(4-styrenesulfonate)  (PEDOT/PSS),  polyaniline/
camphor sulfonic acid (Pani/CSA), (polyaniline)/poly(4-
styrenesulfonate) (PANI/PSS), a compound represented by
Formula 201, and a compound represented by Formula 202:
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-continued -continued

B-NPB

TPD

Formula 201
. (AT101xa R

109

. \N/

Ry

Spiro-TPD
Ry
Q Ry

@ Formula 202
/ \

/ . . \
Rizs Ry
[0217] Ar,,, and Ar,,, in Formula 201 may be each

independently selected from

[0218] a phenylene group, a pentalenylene group, an inde-
methylated NPB nylene group, a naphthylene group, an azulenylene group, a

heptalenylene group, an acenaphthylene group, a fluore-

nylene group, a phenalenylene group, a phenanthrenylene

group, an anthracenylene group, a fluoranthenylene group, a

triphenylenylene group, a pyrenylene group, a chrysenyle-
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nylene group, a naphthacenylene group, a picenylene group,
a perylenylene group, and a pentacenylene group; and
[0219] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an acenaphthylene group, a fluore-
nylene group, a phenalenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenyle-
nylene group, a naphthacenylene group, a picenylene group,
a perylenylene group, and a pentacenylene group, each
substituted with at least one selected from a 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,-C,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a C;-C,, cycloalkyl group, a C,;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkyl group, a C,-C, , heterocy-
cloalkenyl group, a C4-Cgy, aryl group, a C4-Cg, aryloxy
group, a C4-C, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group.

[0220] xa and xb in Formula 201 may be each indepen-
dently an integer selected from 0 to 5, or 0, 1 or 2. For
example, xa may be 1, and xb may be 0, but embodiments
are not limited thereto.

[0221] R,o; to Rygs, Ryj; t0 Ry, and Ry,; t0 R 5, in
Formulae 201 and 202 may be each independently selected
from

[0222] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group (for example, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, and so on), and a C,-C,, alkoxy group (for
example, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, and so on);
[0223] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with one or more selected from a 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, and a
phosphoric acid group or a salt thereof;

[0224] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group; and

[0225] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group, each substi-
tuted with one or more selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, and a C,-C,,
alkoxy group, but embodiments are not limited thereto.
[0226] R, in Formula 201 may be selected from
[0227] a phenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl group; and

[0228] a phenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl group, each substituted with one or
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more selected from a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthracenyl group, and
a pyridinyl group.

[0229] According to an embodiment, the compound rep-
resented by Formula 201 may be represented by Formula
201A, but is not limited thereto:

Formula 201A
Ry
\
N

O

Rigo-
N~

Rin

)

[0230] R,q;,Ryp1s Ryps, and Ry g in Formula 201 A may be
understood by referring to the descriptions thereof provided
above.

[0231] For example, the compound represented by For-
mula 201 and the compound represented by Formula 202
may include Compounds HT1 to HT20, but are not limited
thereto:

HT1

agve
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[0232] A thickness of the hole transport region may range
from about 100 angstrom (A) to about 10,000 A, for
example, from about 100 A to about 1,000 A. When the hole
transport region includes a hole injection layer and a hole
transport layer, a thickness of the hole injection layer may
range from about 100 A to about 10,000 A, for example,
from about 100 A to about 1,000 A, and a thickness of the
hole transport layer may range from about 50 A to about
2,000 A, for example, from about 100 A to about 1,500 A.
While not wishing to be bound by theory, it is understood
that when the thicknesses of the hole transport region, the
hole injection layer, and the hole transport layer are within
these ranges, satisfactory hole transport characteristics may
be obtained without a substantial increase in driving voltage.
[0233] The hole transport region may further include, in
addition to the materials as described above, a charge-
generation material for the improvement of conductive
properties. The charge-generation material may be homo-
geneously or non-homogeneously dispersed in the hole
transport region.
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[0234] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one of a quinone
derivative, a metal oxide, and a cyano group-containing
compound, but is not limited thereto. For example, non-
limiting examples of the p-dopant may include a quinone
derivative such as tetracyanoquinonedimethane (TCNQ) or
2,3,5,6-tetrafluoro-tetracyano-1,4-benzoquinonedimethane
(F4-TCNQ), a metal oxide such as a tungsten oxide or a
molybdenum oxide, and a cyano group-containing com-
pound such as Compound HT-D1 and HP-1, but embodi-
ments are not limited thereto.

Compound HT-D1

CN
NC
\(g N
N N CN
=
I\i N CN
N
NC 7
CN
F4-TCNQ
F F
CN CN
CN CN
F F
HP-1

[0235] The hole transport region may further include a
buffer layer.
[0236] The buffer layer may compensate for an optical

resonance distance according to a wavelength of light emit-
ted from the emission layer, thereby improving efficiency of
a formed organic light-emitting device.

[0237] The hole transport region may further include an
electron blocking layer. The electron blocking layer may
include a known material, for example, mCP, but is not
limited thereto.



US 2017/0062718 Al

oAb

[0238] The emission layer may be formed on the hole
transport region by a method such as vacuum deposition,
spin coating, casting, or LB method. When the emission
layer is formed by vacuum deposition or spin coating, the
deposition and coating conditions may vary according to the
compound that is used to form the emission layer but may
be generally selected from condition ranges that are almost
the same as those for the formation of the hole injection
layer.

[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, and a blue emission layer. Alternatively, the emission
layer may have a structure in which a red emission layer, a
green emission layer, and/or a blue emission layer are
stacked on one another and thus may emit white light.
[0240] The emission layer includes a host that may satisfy
Equations 1 and 2 as described above, an auxiliary dopant
selected from compounds represented by Formula 1, and a
fluorescent dopant that may satisfy Equations 1 and 2.
[0241] According to an embodiment, when the emission
layer includes a host and a blue fluorescent dopant that may
satisfy Equations 1 and 2, the three conditions: i) Equation
1, 1) Equation 2, iii) an auxiliary dopant selected from
compounds represented by Formula 1 are “all” satisfied.
Accordingly, a blue fluorescence organic light-emitting
device which has “all” of low driving voltage, high effi-
ciency, and long lifespan and emits blue light having excel-
lent color purity (for example, blue light having an x-coor-
dinate that is equal to or less than 0.2) may be provided.

[0242] According to another embodiment, when the emis-
sion layer includes a host and a green fluorescent dopant that
may satisfy Equations 1 and 2, a green fluorescence organic
light-emitting device having high efficiency and long lifes-
pan may be provided.

[0243] An amount of the fluorescent dopant in the emis-
sion layer, in general, may range from about 0.01 to about
20 parts by weight based on about 100 parts by weight of the
host and the auxiliary dopant, but is not limited thereto.

[0244] A thickness of the emission layer may range from
about 100 A to about 1,000 A, for example, from about 200
A to about 600 A. When the thickness of the emission layer
is within this range, excellent light-emission characteristics
may be obtained without a substantial increase in driving
voltage.

[0245] Next, an electron transport region is disposed on
the emission layer.

[0246] The electron transport region may include at least
one selected from a hole blocking layer, an electron transport
layer, and an electron injection layer, but is not limited
thereto.
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[0247] For example, the electron transport region may
have a structure of hole blocking layer/electron transport
layer/electron injection layer or a structure of electron
transport layer/electron injection layer. However, the struc-
ture of the electron transport region is not limited thereto.
The electron transport layer may have a single-layer struc-
ture or a multi-layer structure including two or more differ-
ent materials.

[0248] Conditions for forming the hole blocking layer, the
electron transport layer, and the electron injection layer of
the electron transport region may be understood by referring
to the conditions for forming the hole injection layer.
[0249] When the electron transport region includes a hole
blocking layer, the hole blocking layer may include, for
example, at least one of BCP and Bphen, but is not limited
thereto.

Bphen

[0250] Alternatively, the hole blocking layer may include
a compound selected from the host. For example, the hole
blocking layer may include Compound H24, but is not
limited thereto.

[0251] A thickness of the hole blocking layer may range
from about 20 A to about 1,000 A, for example, from about
30 A to about 300 A. While not wishing to be bound by
theory, it is understood that when the thickness of the hole
blocking layer is within this range, excellent hole blocking
characteristics may be obtained without a substantial
increase in driving voltage.

[0252] The electron transport layer may include at least
one of BCP, Bphen, Alq;, Balq, TAZ, and NTAZ.
“ |
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[0253] Alternatively, the electron transport layer may
include at least one of Compounds ET1, ET2, and ET3, but
is not limited thereto.

ET1

==
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[0254] A thickness of the electron transport layer may
range from about 100 A to about 1,000 A, for example, from
about 150 A to about 500 A. While not wishing to be bound
by theory, it is understood that when the thickness of the
electron transport layer is within this range, satisfactory

electron transport characteristics may be obtained without a
substantial increase in driving voltage.

[0255] The electron transport layer may further include, in
addition to the materials as described above, a metal-
containing material.

[0256] 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.

ET-D1




US 2017/0062718 Al

-continued
ET-D2

[0257] Also, the electron transport region may include an
electron injection layer which facilitates injection of elec-
trons from the second electrode 19.

[0258] The electron injection layer may include at least
one selected from LiF, NaCl, CsF, Li,O, and BaO.

[0259] A thickness of the electron injection layer may
range from about 1 A to about 100 A, for example, from
about 3 A to about 90 A. While not wishing to be bound by
theory, it is understood that when the thickness of the
electron injection layer is within this range, satisfactory
electron injection characteristics may be obtained without a
substantial increase in driving voltage.

[0260] The second electrode 19 is disposed on the organic
layer 15. The second electrode 19 may be a cathode. A
material for forming the second eclectrode 19 may be
selected from metal, an alloy, an electrically conductive
compound, and a combination thereof, which have a rela-
tively low work function. For example, lithium (Li), mag-
nesium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), or magnesium-
silver (Mg—Ag) may be used as the material for forming the
second electrode 19. Alternatively, in order to manufacture
a top emission type light-emitting device, a transmissive
electrode formed using ITO or IZ0 may be used as the
second electrode 19.

[0261] The organic light-emitting device has been
described above with reference to FIG. 1, but is not limited
thereto.

[0262] A C,-Cg, alkyl group as used herein refers to a
linear or branched aliphatic hydrocarbon monovalent group
having 1 to 60 carbon atoms. Detailed examples thereof are
a methyl group, an ethyl group, a propyl group, an iso-butyl
group, a sec-butyl group, a tert-butyl group, a pentyl group,
an iso-amyl group, and a hexyl group. A C,-C, alkylene
group as used herein refers to a divalent group having the
same structure as the C,-C, alkyl group.

[0263] A C,-Cy, alkoxy group as used herein refers to a
monovalent group represented by —OA |, (wherein A, is
the C,-C, alkyl group). Detailed examples thereof are a
methoxy group, an ethoxy group, and an iso-propyloxy
group.

[0264] A C,-Cq4, alkenyl group as used herein has a
structure including at least one carbon double bond in the
middle or at the terminal of the C,-C, alkyl group. Detailed
examples thereof are an ethenyl group, a propenyl group,
and a butenyl group. A C,-C,, alkenylene group as used
herein refers to a divalent group having the same structure
as the C,-C, alkenyl group.

[0265] A C,-Cg4, alkynyl group as used herein has a
structure including at least one carbon triple bond in the
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middle or at the terminal of the C,-C, alkyl group Detailed
examples thereof are an ethynyl group and a propynyl group.
A C,-Cq4, alkynylene group as used herein refers to a
divalent group having the same structure as the C,-C,
alkynyl group.

[0266] A C;-C,, cycloalkyl group as used herein refers to
a monovalent saturated hydrocarbon monocyclic group hav-
ing 3 to 10 carbon atoms. Detailed examples thereof are a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group,
a cyclohexyl group, and a cycloheptyl group. A C;-C,,
cycloalkylene group as used herein refers to a divalent group
having the same structure as the C;-C,, cycloalkyl group.
[0267] A C,-C,, heterocycloalkyl group as used herein
refers to a monovalent monocyclic group including at least
one heteroatom selected from N, O, P, and S as a ring-
forming atom and 2 to 10 carbon atoms. Detailed examples
thereof are a tetrahydrofuranyl group and a tetrahydrothio-
phenyl group. A C,-C,, heterocycloalkylene group as used
herein refers to a divalent group having the same structure
as the C,-C, , heterocycloalkyl group.

[0268] A C,-C,, cycloalkenyl group as used herein refers
to a monovalent monocyclic group that has 3 to 10 carbon
atoms and at least one double bond in the ring thereof, and
which is not aromatic. Detailed examples thereof are a
cyclopentenyl group, a cyclohexenyl group, and a cyclohep-
tenyl group. A C,-C,, cycloalkenylene group as used herein
refers to a divalent group having the same structure as the
C,-C,, cycloalkenyl group.

[0269] A C,-C,, heterocycloalkenyl group as used herein
refers to a monovalent monocyclic group that has at least
one heteroatom selected from N, O, P, and S as a ring-
forming atom, 2 to 10 carbon atoms, and at least one double
bond in its ring. Detailed examples of the C,-C, , heterocy-
cloalkenyl group are a 2,3-dihydrofuranyl group and a
2,3-dihydrothiophenyl group. A C,-C,, heterocycloalk-
enylene group as used herein refers to a divalent group
having the same structure as the C,-C,, heterocycloalkenyl
group.

[0270] A C4-Cqy aryl group as used herein refers to a
monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and a C4-C,, arylene group
used herein refers to a divalent group having a carbocyclic
aromatic system having 6 to 60 carbon atoms. Detailed
examples of the C;-Cy, aryl group are a phenyl group, a
naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, and a chrysenyl group. When the
Cs-Cq, aryl group and the C4-Cy arylene group each include
two or more rings, the rings may be fused to each other.
[0271] A C,-Cg, heteroaryl group as used herein refers to
a monovalent group having a carbocyclic aromatic system
that includes at least one heteroatom selected from N, O, P,
and S as a ring-forming atom and has 2 to 60 carbon atoms.
A C,-Cg, heteroarylene group as used herein refers to a
divalent group having a carbocyclic aromatic system that
includes at least one heteroatom selected from N, O, P, and
S as a ring-forming atom and 2 to 60 carbon atoms.
Examples of the C,-C, heteroaryl group are a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a quinolinyl group, and an isoqui-
nolinyl group. When the C,-C, heteroaryl group and the
C,-Cg, heteroarylene group each include two or more rings,
the rings may be fused to each other.

[0272] A C4-Cq4 aryloxy group as used herein indicates
—OA |, (wherein A, is the Cs-Cy, aryl group), and a
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Cs-Cqo arylthio group used herein indicates
(wherein A |, is the C4-Cy, aryl group).

[0273] A monovalent non-aromatic condensed polycyclic
group used herein refers to a monovalent group that has two
or more rings condensed to each other, includes only carbon
atoms as a ring forming atom (for example, having 8 to 60
carbon atoms), and which is non-aromatic in the entire
molecular structure. A detailed example of the monovalent
non-aromatic condensed polycyclic group is a fluorenyl
group. A divalent non-aromatic condensed polycyclic group
as used herein refers to a divalent group having the same
structure as the monovalent non-aromatic condensed poly-
cyclic group.

[0274] A monovalent non-aromatic condensed heteropo-
lycyclic group as used herein refers to a monovalent group
that has two or more rings condensed to each other, includes
a heteroatom selected from N, O, P, and S, in addition to
carbon atoms (for example, 2 to 60 carbon atoms), as a ring
forming atom, and which is non-aromatic in the entire
molecular structure. An example of the monovalent non-
aromatic condensed heteropolycyclic group is a carbazolyl
group. A divalent non-aromatic condensed heteropolycyclic
group as used herein refers to a divalent group having the
same structure as the monovalent non-aromatic condensed
heteropolycyclic group.

[0275] At least one of substituents of the substituted
C,-Cq, alkyl group, substituted C,-Cg, alkenyl group, sub-
stituted C,-Cg, alkynyl group, substituted C,-C, alkoxy
group, substituted C;-C,, cycloalkyl group, substituted
C,-C,, heterocycloalkyl group, substituted C;-C, , cycloalk-
enyl group, substituted C,-C,, heterocycloalkenyl group,
substituted C,-C,, aryl group, substituted C;-Cg, aryloxy
group, substituted C4-Cg,, arylthio group, substituted C,-Cg,
heteroaryl group, substituted monovalent non-aromatic con-
densed polycyclic group, and substituted monovalent non-
aromatic condensed heteropolycyclic group may be selected
from

[0276] a 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,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, and a C,-Cg, alkoxy group;

[0277] a C,-Cq, alkyl group, a C,-C, alkenyl group, a
C,-Cq, alkynyl group, and a C,-Cg, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg, aryl
group, a C4-Cq, aryloxy group, a C¢-Cq, arylthio group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic  group, —Si(Q,;)(Q1.)(Q;5),
—N(Q,4)(Q;5), and —B(Q,6)(Q;-);
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[0278] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cq, aryl group, a Cy4-Cg,
aryloxy group, a C,-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0279] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cq, aryl group, a Cy4-Cg,
aryloxy group, a C4-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a hitro 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,-C, alkenyl group, a C,-C, 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,, heterocycloalkenyl group, a C4-Cg, aryl group, a
Cs-Cqo aryloxy group, a Cy-Cg, arylthio group, a C,-C,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed

heteropolycyclic group, —Si(Q,,)(Q22)(Q23), —N(Q,4)
(Qs5), and —B(Q,4)(Q,7); and

[0280] —Si(Q5,)(Q52)(Qs55),
—B(Q36)(Q37), and

[0281] Q, to Q;, Q;; to Qy4, Q,; t0 Q,;, and Qs to Qs

may be each independently selected from a hydrogen, a
substituted or unsubstituted C,-Cg4, alkyl group, a substi-
tuted or unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C,-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C;-C,,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cq, aryloxy group, a substituted or unsubstituted
Cs-Cg, arylthio group, a substituted or unsubstituted C,-Cg,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.

[0282] When a group containing a specified number of
carbon atoms is substituted with any of the groups listed in
the preceding paragraph, the number of carbon atoms in the
resulting “substituted” group is defined as the sum of the
carbon atoms contained in the original (unsubstituted) group
and the carbon atoms (if any) contained in the substituent.
For example, when the term “substituted C,-C,, alkyl”
refers to a C,-C,, alkyl group substituted with C,-C, aryl
group, the total number of carbon atoms in the resulting aryl
substituted alkyl group is C,-Cg,.

[0283] The term, “room temperature” used herein refers to
a temperature of about 25° C.

[0284] Hereinafter, a compound and an organic light-
emitting device according to embodiments are described in
detail with reference to Examples. However, the organic
light-emitting device is not limited thereto.

—N(Q:)(Qs5),  and
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EXAMPLE

Example 1

[0285] A glass substrate on which an indium tin oxide
(ITO) electrode (first electrode, anode) having a thickness of
1,500 A was formed was cleaned with distilled water. After
being cleaned with distilled water, the substrate was soni-
cated using a solvent, such as iso-propyl alcohol, acetone, or
methanol, dried, and then carried to a plasma cleaner. The
substrate was cleaned for 5 minutes using oxygen plasma
and then carried to a vacuum deposition apparatus.

[0286] Compound HT3 and Compound HP-1 were co-
deposited on the ITO electrode of the glass substrate to form
a hole injection layer having a thickness of 100 A. Then,
Compound HT?3 was deposited on the hole injection layer to
form a hole transport layer having a thickness of 1,300 A,
and mCP was deposited on the hole transport layer to form
an electron blocking layer having a thickness of 150 A,
thereby forming a hole transport region.

[0287] Compound H23 (host), Compound 2 (auxiliary
dopant), and Compound FD(5) were co-deposited on the
hole transport region at a volume ratio of 85:15:1 to form an
emission layer having a thickness of 300 A.

[0288] Compound H24 was vacuum-deposited on the
emission layer to form a hole blocking layer having a
thickness of 100 A, and Compound ET3 and Liq were
vacuum-deposited on the hole blocking layer together to
form an electron transport layer having a thickness of 250 A.
Then, Liq was deposited on the electron transport layer to
form an electron injection layer having a thickness of 5 A,
and an Al second electrode (cathode) having a thickness of
1,000 A was formed on the electron injection layer, thereby
completing the manufacture of an organic light-emitting
device.

Examples 2 to 4 and Comparative Examples A to
D

[0289] Devices were manufactured in the same manner as
in Example 1, except that the composition of the emission
layer was changed as shown in Table 1.

TABLE 1
Auxiliary Fluorescent ~ Volume
Host dopant dopant ratio

Example 1 Compound H23 Compound 2 Compound F(5) 85:15:1
Example 2 Compound H23 Compound 2 Compound F9  85:15:1
Example 3 Compound H7  Compound 2 Compound F9  85:15:1

Example 4 Compound H19 Compound 2 Compound F(5) 85:15:1
Comparative Compound H23 Compound A Compound F(5) 85:15:1
Example A

Comparative Compound H23  Compound 2 — 85:15
Example B
Comparative

Compound B Compound 2 Compound F(5) 85:15:1

Example C
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TABLE 1-continued

Auxiliary Fluorescent ~ Volume

Host dopant dopant ratio

Comparative Compound H23 Compound C Compound F(5) 85:15:1
Example D

H23

H7

Q CN
0,,<

e
T
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TABLE 1-continued TABLE 1-continued
Auxiliary Fluorescent ~ Volume Auxiliary Fluorescent ~ Volume
Host dopant dopant ratio Host dopant dopant ratio
FD(5)
Q O ! )
(0]

FD9
NN :
A
O\(Np Evaluation Example 1
| =
N\(N

Evaluation on Triplet (T,) Energy Level and
Singlet (S,) Energy Level

N [0290] Triplet (T,) energy levels and/or singlet (S,) energy
levels of compounds used in Examples 1 to 4 and Com-
parative Examples A to D were evaluated according to the

B method indicated in Table 2, and results thereof are shown
in Table 3.

TABLE 2

T, energy level A mixture of 2-MeTHF and each compound (in which each compound

evaluation method  was dissolved in an amount of 1 milligram (mg) in 3 cubic centimeters
(cc) of 2-MeTHF) was loaded into a quartz cell. The resultant quartz
cell was loaded into liquid nitrogen (77 Kelvins (K)) and a
photoluminescence spectrum thereof was measured by using a device
for measuring photoluminescence. T; energy levels were calculated
from a starting wavelength on a short wavelength side of the
photoluminescence spectrum.

S, energy level A mixture of 2-MeTHF and each compound (in which each compound

evaluation method ~ was mixed at a concentration of 10~ molar [M] in 2-MeTHF) was loaded
into a quartz cell. A fluorescence spectrum thereof was measured at
room temperature by using a device (F7000, the product from Hitachi,
Ltd.) for measuring photoluminescence, and S, energy levels were
calculated from a starting wavelength on a short wavelength side of the

fluorescence spectrum.
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TABLE 3

T, energy level (eV)

S, energy level (eV)

Mar. 2, 2017

when luminance is decreased to 95% of the initial lumi-
nance, which is 100%. The lifespan data regarding
Examples 1 and 4 in Table 6 are expressed as relative values

Compound No. Measured value Measured value . .. - .

i ( ) ( ) when the lifespan of the organic light-emitting device manu-
Compound H23 3.52 4.02 factured according to Comparative Example D is “1.”
Compound H7 2.97 3.52
Compound H19 3.12 3.77
Compound B 2.82 3.22 TABLE 5
Compound 2 2.89 2.98 -

Compound A 2.96 3.03 Maxi-
Compound C 2.89 2.92 mum
Compound FD(5) _ 2.78 Driv- emis- External quantum
Compound FD9 _ 2.58 ing Current  sion efficiency (%
volt- density wave- Emis- Maxi-
[0291] Calculation results of By, yosm=Ezi4p) and cal- Example age  (mA/  length CIE sion @500 mum
lati It fE E T th ic light No. V) cm?) (mm) %,y color cd/m® value
culation results of By, yp)=Bs,4p) Of the organic light-
emitting devices manufactured according to Examples 1 to Example 1 6.4 3.1 464 019, blue 7.3 9.2
4 and Comparative Examples A to D, which are obtained by 0.32
using the data of Table 3, are shown in Table 4:
TABLE 4
Calculation
result (eV) of Calculation
Auxiliary Fluorescent Eri@osn — result (eV) of
Host dopant dopant Erup) Esigny — Esiuny
Example 1  Compound  Compound 2 Compound 0.63 -0.2
H23 F(5)
Example 2 Compound  Compound 2 Compound F9 0.63 -0.4
H23
Example 3 Compound  Compound 2 Compound F9 0.08 -0.4
H7
Example 4  Compound  Compound 2 Compound 0.23 -0.2
H19 F(5)
Comparative Compound  Compound A  Compound 0.56 -0.25
Example A H23 F(5)
Comparative Compound  Compound 2 0.63 —
Example B H23
Comparative Compound B Compound 2 Compound -0.07 -0.2
Example C F(5)
Comparative Compound  Compound C ~ Compound 0.63 -0.14
Example D H23 F(5)
[0292] From Tables 3 and 4, it may be confirmed that the TABLE 5-continued
organic light-emitting devices of Examples 1 to 4 satisfy
both of Equations 1 and 2. Maxi-
E Er10amy>0.05 &V Equation 1 -
TIHOST~ 1Dy © dquation Driv- emis- External quantum
. ing Current  sion efficiency (%)
Es1#py-Es104py<0 eV Equation 2 _—
volt- density wave- Emis- Maxi-
Evaluation Example 2 Example age (mA/ length CIE sion @ 500 mum
No. V) em?) (mm) %,y color cdm® value
Evaluation on Device Data
Example 2 6.6 2.0 540 0.31, green 7.2 10.9
[0293] The driving voltage, current density, color purity, 0.54
and external quantum efficiency (EQE) of the organic light- Example 3 64 33 332 028, green 48 6.3
emitting devices manufactured according to Examples 1 to 0.50
. Example 4 59 3.3 468 0.18, blue 7.3 8.2
4 and Comparative Examples A to D were measured by 030
using a current-voltage meter (Keithley 2400) and a lumi- ) )
. Comparative 7.0 4.1 464 0.20, blue 5.6 7.2
nance meter (Minolta Cs-1000A), and results thereof are

. . Example A 0.32

shown in Table 5. All the data except maximum values of .

. Comparative 6.4 1.6 476 0.21, blue 13.5 174
external quantum efficiency was measured at 500 candelas E

5 xample B 0.35
per square met?r (cd/m™). o o Comparative 6.3 3.4 465  0.20, blue 1.6 3.8
[0294] The lifespan (T,5) of the organic light-emitting Example C 0.34
devices manufactured according to Examples 1 and 4 and Comparative 6.6 3.6 460 0.18, blue 7.1 9.3
Comparative Example D was evaluated, and results thereof Example D 0.29

are shown in Table 6. Lifespan (To5) (at 500 cd/m?) data in
Table 6 was obtained by evaluating a time (hr) that lapses
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TABLE 6

LTys @ 500 cd/m?

Example No. (Relative value)
Example 1 2
Example 4 45
Comparative Example D 1
[0295] According to Table 5, it may be confirmed that the

organic light-emitting devices (blue light-emitting OLEDs)
of Examples 1 and 4 have lower driving voltage and higher
external quantum efficiency than the organic light-emitting
device (blue light-emitting OLED) of Comparative Example
A, have higher external quantum efficiency than the organic
light-emitting device (blue light-emitting OLED) of Com-
parative Example C, and have better color purity than the
organic light-emitting devices (blue light-emitting OLEDs)
of Comparative Examples A to C (that is, CIE x and y
coordinate values of Examples 1 and 4 are respectively
smaller than CIE x and y coordinate values of Comparative
Examples A to C).
[0296] Also, from Table 6, it may be confirmed that the
organic light-emitting devices of Examples 1 and 4 have
higher lifespan characteristics than the organic light-emit-
ting device (blue light-emitting OLED) of Comparative
Example D.
[0297] From Tables 5 and 6, it may be confirmed that an
organic light-emitting device that satisfies “all” three con-
ditions, 1) Equation 1, ii) Equation 2, iii) an auxiliary dopant
selected from compounds represented by Formula 1 may
have “all” of low driving voltage, high efficiency, and long
lifespan and may also emit blue light having high color
purity (for example, blue light having an x-coordinate that is
equal to or less than 0.2). (Referring to Example 1 and 4 and
Comparative Examples A to D)
[0298] Further, from Table 5, it may be confirmed that the
organic light-emitting devices (green light-emitting OLEDs)
of Examples 2 and 3 also have low driving voltage and high
luminescent efficiency.
[0299] According to one or more embodiments of the
present disclosure, an organic light-emitting device may
have high color purity and luminescent efficiency.
[0300] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions
of features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0301] While one or more exemplary embodiments have
been described with reference to the FIGURES, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present inventive
concept as defined by the following claims.
What is claimed is:
1. An organic light-emitting device comprising:
a first electrode,
a second electrode facing the first electrode, and
an organic layer disposed between the first electrode and
the second electrode,
wherein the organic layer comprises an emission layer
and satisfies Equations 1 and 2,
wherein the emission layer comprises a host, an auxiliary
dopant, and a fluorescent dopant, and
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wherein the auxiliary dopant is selected from compounds
represented by Formula 1:

Erymosn—Eriupy”0.05 electron Volts Equation 1

Esyzpy=Es104py<0 electron Volts, Equation 2

wherein in Equation 1,

By (zmosr 1s a triplet energy (electron Volts) of the host,
and

Bz 18 @ triplet energy (electron Volts) of the auxiliary
dopant, and

wherein in Equation 2,

Egi(#py 15 a singlet energy (electron Volts) of the fluores-
cent dopant, and

Egi 4 1s a singlet energy (electron Volts) of the auxiliary
dopant,

Formula 1

Rys N Ris

T \r
NN
Ry Rz
R Ry
Ary

Formula 2

Rs

Re

Ry R,
Rg
Formula 2A

Formula 2B

wherein

Ar, in Formula 1 is a group represented by Formula 2,

ring A, in Formula 2 is a group represented by Formula
24,

ring A, in Formula 2 is a group represented by Formula
2B,

X, in Formula 2B is N(R,,), O, or S,

R, to R,, in Formulae 1, 2, 2A, and 2B are each inde-
pendently selected from a hydrogen, a 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
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substituted or unsubstituted C,-Cg, alkyl group, a sub-
stituted or unsubstituted C,-C, alkenyl group, a sub-
stituted or unsubstituted C,-Cg, alkynyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
Cs-Ceqo aryl group, a substituted or unsubstituted
Cs-Cq, aryloxy group, a substituted or unsubstituted
Cs-Cg, arylthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, —Si(Q,)(Q,)(Q;),

—N(Q4)(Qs5), and —B(Qs)( Q)

* in Formula 2 indicates a binding site to a neighboring
atom,

at least one of substituents of the substituted C,-C, alkyl
group, substituted C,-C,, alkenyl group, substituted
C,-Cg, alkynyl group, substituted C,-C, alkoxy group,
substituted C;-C,, cycloalkyl group, substituted
C,-C,, heterocycloalkyl group, substituted C;-C,,
cycloalkenyl group, substituted C,-C,, heterocycloalk-
enyl group, substituted C,-C, aryl group, substituted
Cs-Cqo aryloxy group, substituted Cy4-Cgq, arylthio
group, substituted C,-C, heteroaryl group, substituted
monovalent non-aromatic condensed polycyclic group,
and substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from:

a 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 car-
boxylic 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,-C, alkenyl group,
a C,-Cg, alkynyl group, and a C,-C, alkoxy group;

a C,-Cq, alkyl group, a C,-Cq, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from a 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 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,o cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cq aryl group, a Cg-Cgp
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-

densed heteropolycyclic group, —Si(Q;,)(Q,-)(Q;3),
—N(Q1)(Qy5), and —B(Q,6)(Q,7);

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

group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cq aryl group, a Cg-Cgp
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group,
a C,-Cq, alkoxy group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cg,
aryl group, a C4-Cg, aryloxy group, a C4-Cg, arylthio
group, a C,-C, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic group, —Si

(Q5)(Q2:)(Q33), —N(Q,,)(Qy5), and —B(Q,)(Q,-);
and

—N(Q3,)(Qs5), and —B(Qs6)

(Qs5), and

Q10 Q7, Qy; 10 Q55 Qyy t0 Qa7 and Q5 to Qs are each

independently selected from a hydrogen, a substituted
or unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C, , heterocycloalkyl group, a substi-
tuted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C, , heterocycloalkenyl
group, a substituted or unsubstituted C;-C,, aryl group,
a substituted or unsubstituted C4-Cy, aryloxy group, a
substituted or unsubstituted C;-Cg, arylthio group, a
substituted or unsubstituted C,-C,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.

2. The organic light-emitting device of claim 1, wherein
Ar, in Formula 1 is selected from groups represented by
Formulae 2-1 to 2-6:

Formula 2-1
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-continued

Formula 2-2

Formula 2-3

Ry
Formula 2-4
*
R Ro Rs
N Re
Ry
Ry
RS X

Formula 2-5

Formula 2-6
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R, to R, and X, in Formulae 2-1 to 2-6 are the same as
in claim 1, and

* indicates a binding site to a neighboring atom.

3. The organic light-emitting device of claim 1, wherein

X, in Formula 2B is N(R, ).

4. The organic light-emitting device of claim 1, wherein

X, in Formula 2B is N(R,,), and R, is selected from

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coro-
nenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, and a dibenzocarbazolyl group; and

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coro-
nenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, and a dibenzocarbazolyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, and —Si(Q5,)(Q32)(Qs3), and

Q;, to Q55 are each independently selected from a hydro-
gen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, and
a naphthyl group.

5. The organic light-emitting device of claim 1, wherein

R, to R, are each independently selected from

a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy

group;
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a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from a 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 carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof;
a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coro-
nenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, and a dibenzocarbazolyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coro-
nenyl group, an ovalenyl group, a thiophenyl group, a
furanyl group, a carbazolyl group, a benzofuranyl
group, a benzothiophenyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, and a dibenzocarbazolyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, and —81(Q3,)(Q32)(Q53); and

—Si(Q)(Q,)(Qs), and

Q; to Q; and Q5 to Q55 are each independently selected
from a hydrogen, a C,-C, , alkyl group, a C,-C, ; alkoxy
group, a phenyl group, a biphenyl group, a terphenyl
group, and a naphthyl group.

6. The organic light-emitting device of claim 1, wherein

R,5 and R4 are each independently selected from

a phenyl group, a biphenyl group, a terphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenan-
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threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coro-
nenyl group, an ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, a tri-
azolyl group, a tetrazolyl group, an oxadiazolyl group,
a triazinyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, a dibenzosilolyl group, a thiadiazolyl
group, an imidazopyridinyl group, and an imidazopy-
rimidinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a

pentalenyl group, an indenyl group, a naphthyl group,
an azulenyl group, a heptalenyl group, an indacenyl
group, an acenaphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl
group, a pentacenyl group, a rubicenyl group, a coro-
nenyl group, an ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, a tri-
azolyl group, a tetrazolyl group, an oxadiazolyl group,
a triazinyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, a dibenzosilolyl group, a thiadiazolyl
group, an imidazopyridinyl group, and an imidazopy-
rimidinyl group, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
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alkoxy group, a cyclopentyl group, a cyclohexyl group, -continued
a cycloheptyl group, a cyclopentenyl group, a cyclo-

hexenyl group, a phenyl group, a biphenyl group, a

terphenyl group, a pentalenyl group, an indenyl group,

a naphthyl group, an azulenyl group, a heptalenyl N
group, an indacenyl group, an acenaphthyl group, a N
fluorenyl group, a spiro-bifluorenyl group, a benzofluo-

renyl group, a dibenzofluorenyl group, a phenalenyl
group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a naphthacenyl group, a

picenyl group, a perylenyl group, a pentaphenyl group,

a hexacenyl group, a pentacenyl group, a rubicenyl

group, a coronenyl group, an ovalenyl group, a pyrrolyl N

group, a thiophenyl group, a furanyl group, an imida- N
zolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl

group, a pyridinyl group, a pyrazinyl group, a pyrim-

idinyl group, a pyridazinyl group, an isoindolyl group,

an indolyl group, an indazolyl group, a purinyl group,

a quinolinyl group, an isoquinolinyl group, a benzo-

quinolinyl group, a phthalazinyl group, a naphthyridi- N
nyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, a phenanthridi-
nyl group, an acridinyl group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a ben-
zofuranyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isobenzo-
xazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl N

group, a dibenzocarbazolyl group, a thiadiazolyl group,
an imidazopyridinyl group, an imidazopyrimidinyl
group, and —Si(Q;;)(Q52)(Q33), and

Q3 to Q55 are each independently selected from a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl group, and a naphthyl
group. 4

7. The organic light-emitting device of claim 1, wherein
the auxiliary dopant is selected from Compounds 1 to 39: N
x

Z
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8. The organic light-emitting device of claim 1, wherein
the host has a triplet energy level of 2.9 electron Volts or
greater.

9. The organic light-emitting device of claim 1, wherein
the host comprises a fluorene ring, a carbazole ring, a
dibenzofuran ring, a dibenzothiophene ring, an indenocar-
bazole ring, an indolocarbazole ring, a benzofurocarbazole
ring, a benzothienocarbazole ring, an acridine ring, a dihy-
droacridine ring, a triindolobenzene ring, or any combina-
tion thereof, or

the host is a silicon compound or a phosphine oxide
compound.

10. The organic light-emitting device of claim 1, wherein
the host is selected from compounds represented by Formu-
lae 11-1 to 11-3:

Formula 11-1
Ary——(L1ai—— (Arp2)e1

Tiz3—(L13)a13 Xi LiDar— T
Y

Xz Z X3

Formula 11-2

L12)arz—T12

Mar. 2, 2017

-continued
Formula 11-3
Tor—@aDa2r—(T22)e1

Formula 13
*
O
Rap)ps— €3 ]ij CYy R
e’ ‘A% A
Formula 14
*
Rso)ps— CY3 K/\[ CYs +—Rao)n
e g e

wherein, in Formulae 11-1 to 11-3, 13, and 14,

Ar,, and Ar,, are each independently selected from
groups represented by Formulae 13 and 14,

X518 N(Ry,), O, or S,

X, is Nor C(T,,), X, is Nor C(T,5), X, is N or C(T,¢),
and at least one of X, to X5 is N,

T,, and T,, are each independently selected from *-(L,;)

w217-31(Q41)(Q42)(Qus)  and  *~(Ly1) 01 -PE0)(Qs51)

Q52 s
L,, to L,; and L,, are each independently selected from

a single bond, O, S, Si(Q,)(Qs,), a phenylene group, a
pyridinylene group, a pyrimidinylene group, a pyrazi-
nylene group, a pyridazinylene group, a triazinylene
group, a naphthylene group, a fluorenylene group, a
carbazolylene group, a dibenzofuranylene group, and a
dibenzothiophenylene group; and

a phenylene group, a pyridinylene group, a pyrimidi-
nylene group, a pyrazinylene group, a pyridazinylene
group, a triazinylene group, a naphthylene group, a
fluorenylene group, a carbazolylene group, a dibenzo-
furanylene group, and a dibenzothiophenylene group,
each substituted with at least one selected from a
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 car-
boxylic 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,-C,, alkoxy group,
—CF;, —CF,H, —CFH,, a phenyl group, a phenyl
group substituted with a cyano group, a biphenyl group,
a terphenyl group, a naphthyl group, a pyridinyl group,
a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a fluorenyl group, a carbazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and —S8i(Q,)(Q72)(Q7),

all to al3 and a2l are each independently an integer
selected from O to 5, two or more groups L, are
identical to or different from each other when all is 2
or more, two or more groups L., are identical to or
different from each other when al2 is 2 or more, two or
more groups L, ; are identical to or different from each
other when al3 is 2 or more, and two or more groups
L,, are identical to or different from each other when
a2l is 2 or more,
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CY; and CY, are each independently selected from a
benzene, a naphthalene, a fluorene, a carbazole, a
benzocarbazole, an indolocarbazole, a dibenzofuran,
and a dibenzothiophene,

A, is selected from

a single bond, a C,-C, alkylene group, and a C,-C,
alkenylene group; and

a C,-C, alkylene group and a C,-C, alkenylene group,
each substituted with at least one selected from a
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 car-
boxylic 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,-C,, alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a fluorenyl group, a carbazolyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, and —Si
(Qs)(Qs2)(Qs5):

T,; to Tis Rss, Ry, and Ry, are each independently
selected from a hydrogen, a deuterium, —F, —Cl,
—Br, —I1, a hydroxyl group, a cyano group (CN), 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
substituted or unsubstituted C,-Cg, alkyl group, a sub-
stituted or unsubstituted C,-C, alkenyl group, a sub-
stituted or unsubstituted C,-Cg, alkynyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
Cs-Cqo aryl group, a substituted or unsubstituted
Cs-Cq, aryloxy group, a substituted or unsubstituted
Cy-Cqo arylthio group, a substituted or unsubstituted
C,-Cg, heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, and —Si(Qg; )(Qs,)
Qo)

b3 and b4 are each independently an integer selected from
0 to 10,

clis 0,1, 2, or 3,

* indicates a binding site to a neighboring atom,

at least one of substituents of the substituted C,-C, alkyl
group, substituted C,-C,, alkenyl group, substituted
C,-Cq, alkynyl group, substituted C;-C,, cycloalkyl
group, substituted C,-C, , heterocycloalkyl group, sub-
stituted C5-C,, cycloalkenyl group, substituted C,-C,,
heterocycloalkenyl group, substituted Cg-Cg, aryl
group, substituted C,-Cgq, aryloxy group, substituted
Cs-Cqo arylthio group, substituted C,-Cg, heteroaryl
group, substituted monovalent non-aromatic condensed
polycyclic group, and substituted monovalent non-
aromatic condensed heteropolycyclic group is selected
from a 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
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group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C, alkyl group, a C,-C, alkenyl group,
a C,-Cg, alkynyl group, a C,-Cg, alkoxy group, a
C;-C,o cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cq aryl group, a Cg-Cgp
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, and —Si(Q,,,)(Q;0.)

(Q103)s and

Qa4 10 Quss Qsp, Qs Qgpy Qoas Q10 Q7§s Qg 10 Qgs,
Qo t0 Qq3, and Q,,; to Q5 are each independently

selected from a hydrogen, a deuterium, a C,-C, alkyl
group, a C,-Cg, alkoxy group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cg, aryl group, a C,-Cg,, heteroaryl group,
a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group.

11. The organic light-emitting device of claim 10, wherein
Ar,, and Ar, , are each independently selected from groups
represented by Formulae 13-1 to 13-8 and 14-1 to 14-8:

Formula 13-1

Ry
Ran
Ryz
Rys
Formula 13-2
Rqp
Ryz

Ryy

Formula 13-3

Ry

Ryz
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-continued
Formula 13-4

R4y R
* 2
Rs33 N.
Ryz
Rs3 Q Az
Ryg

X2
R3) Rss
Formula 13-5
" Ray
Rss \ Raz
N
Rss
Ry
A
X0, Raq
Ra
R3T
Rsz
Ra
Formula 13-6
. Ry
Rss \ Ry
N
Rss
Ryz
Ry A2
Rys
X2
Rs;
R Rs)
Formula 13-7
. Ray Ry
Rsy \N
Ry3
Rs»
A> R,
4
Rz
R34
Formula 13-8
R4y
Ry
Ryz
Ryg
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-continued
Formula 14-1
R41 R42
R3)
= X2 X
2 15
" r | Rus
Y
Rz A Rys
Rss Ras
Formula 14-2
*
R
//\/% 31 Raj R
R32\Il N
== Xis R,
3
X2
A Ry
R3s Rag
Formula 14-3
R4y R
2
Ryz
Ryy
Formula 14-4
R4y R
2
Ry3
Ryy

Formula 14-5

R4y
R3s R4z
Xis
Rss
Ryz
As
X1z Ry
/
]
S J[\Rsz
A
R%, \/\*
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-continued

Formula 14-6

Formula 14-7

Formula 14-8

wherein, in Formulae 13-1 to 13-8 and 14-1 to 14-8,

X, and X, are each independently C(R;,)(R55), N(R3o),
O, or S,

X,s and A, are the same as in claim 10,

R;, to R, are each independently the same as R, in claim
10,

R,, to R, are each independently the same as R, in claim
10, and

* indicates a binding site to a neighboring atom.

12. The organic light-emitting device of claim 10, wherein
Ar,, and Ar,, are each independently selected from groups
represented by Formulae 17-1 to 17-19 and 18-1 to 18-8:

Formula 17-1

*

LYY

Ryo
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Formula 17-2

Formula 17-3

Formula 17-4

Formula 17-5

Formula 17-6

Formula 17-7

Formula 17-8
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-continued -continued
Formula 17-9 Formula 17-15

Formula 17-10 Formula 17-16

N,
R\ \ / T Rao
—— —
Formula 17-17
Formula 17-11
*
N
LT
30\ o 0
Formula 17-18
Formula 17-12
*
N
R \ / ~ Formula 17-19
30\ o 0

Formula 17-13

Formula 17-14
Formula 18-1
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Formula 18-2
Xis
Rso/\ /\ R4o
*
Formula 18-3
Xis
Rso/\ /\ Ryo
Formula 18-4
*
Xis
30 0
Rag™ TR

Formula 18-5

Formula 18-6

Formula 18-7

Formula 18-8

wherein, in Formulae 17-1 to 17-19 and 18-1 to 18-8,

X,, and X, are each independently C(R;.)(R;5), N(R5,),
O, or S,

X158 N(Ry7), O, or S,

R' and R" are each independently selected from a hydro-
gen, a deuterium, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
carbazolyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group,

Rs,, Ry, Rsq, 10 Ryo,, and R, are each independently
selected from

ahydrogen, a 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

66
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thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
—CF,, —CF,H, and —CFH,;

a phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naph-
thyl group, a fluorenyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group;

a phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a naph-
thyl group, a fluorenyl group, a carbazolyl group, a
dibenzofuranyl group, and a dibenzothiophenyl group,
each substituted with at least one selected from a
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 car-
boxylic 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,-C,, alkoxy group,
—CF,, —CF,H, —CFH,, a phenyl group, a biphenyl
group, a terphenyl group, a pyridinyl group, a pyrim-
idinyl group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a naphthyl group, a fluorenyl group, a
carbazolyl group, a dibenzofuranyl group, and a diben-
zothiophenyl group; and

—Si(Qo1)(Qo2)(Qos):

Qs to Qg5 are each independently selected from a hydro-
gen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, and
a naphthyl group, and

* indicates a binding site to a neighboring atom.

13. The organic light-emitting device of claim 11, wherein
L,, to L;; and L,, are each independently selected from a
single bond, O, S, Si(Qg;)(Qs,), and a group represented by
one of Formulae 3-1 to 3-56:

Formula 3-1

Formula 3-2

Formula 3-3

Formula 3-4

Formula 3-5
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Formula 3-6

Formula 3-7

Formula 3-8

Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12

Formula 3-13

Formula 3-14

Formula 3-15

Formula 3-16
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Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21

Formula 3-22

Formula 3-23

Formula 3-24

Formula 3-25

Formula 3-26

Formula 3-27
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Formula 3-28

Formula 3-29

Formula 3-30

Formula 3-31

Formula 3-32

Formula 3-33

Formula 3-34

Formula 3-35

Formula 3-36
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Formula 3-37

Formula 3-38

Formula 3-39

Formula 3-40

Formula 3-41

Formula 3-42

Formula 3-43

Formula 3-44

Formula 3-45
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Formula 3-46

Formula 3-47

Formula 3-48

Formula 3-49

Formula 3-50

Formula 3-51

Formula 3-52

Formula 3-53

Formula 3-54
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Formula 3-55
Yy
e \
£ /X
Za\ / o " @s
Formula 3-56
Y
e \
/\ / 5~
s Y ] @

wherein, in Formulae 3-1 to 3-56,
Y, is selected from O, S, C(Z;)(Z,), and N(Zs),

7, to Z, are each independently selected from a hydrogen,
a 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 car-
boxylic 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,-C,, alkoxy group,
—CF;, —CF,H, —CFH,, a phenyl group, a phenyl
group substituted with a cyano group, a biphenyl group,
a terphenyl group, a naphthyl group, a pyridinyl group,
a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a fluorenyl group, a carbazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and —S8i(Q,)(Q72)(Q7),

Q,, to Q,; are each independently selected from a hydro-
gen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a fluorenyl group, a carbazolyl group, a diben-
zofuranyl group, and a dibenzothiophenyl group,

d4 is an integer selected from O to 4,
d3 is an integer selected O to 3,
d2 is an integer selected O to 2, and

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

14. The organic light-emitting device of claim 10, wherein
a group represented by *-(Ly;),1,-*, *-(L12)a12-*, *-(L1a)
a5 and *-(L,,),0,-* is selected from a single bond and
groups represented by Formulae 4-1 to 4-42:

Formula 4-1

Formula 4-2

* X33 El
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Formula 4-3
Xa1
X|24/ °)|(22
X
i _oXn
.
Formula 4-4
Xo1=X» X31=Xs2
\ N )
Xo4—X23 X34—X33
Formula 4-5
"
X21=X22 X31=<
N\ 7/ \ /°
Xo4—X23 X34—X33
Formula 4-6
"
Xo1=X» —Xs
\
\ 7/ \ /&
Xo4—Xp3 X34— X33
Formula 4-7
*
—X»n X31=Xs2
X *
N/ N\ />
Xo4—X23 X34—X33
Formula 4-8
>7 X2 X3 1:<
X21 X32
X24 X23 X34 X33

Formula 4-9

Xo4—Xx X34—Xs33
Formula 4-10
*
Xa= X31=X52
Vi -
2
A\Y / \ /
Xo3—Xn X34—Xs33

Formula 4-11

Formula 4-12

X=X

= )

Xo4—X3

Xo=Xn

=

Xo4—X3
X=X
N\ 7/
Xo4—Xo3
Xo=Xn
\ 7/
Xo4—X3
X=X
N\ 7/
Xo4—Xo3
X=X
\ 7/
Xo4—Xo3

F

X41

X2

A
X=X
N\ /

Xo4—X3
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Formula 4-13

X31=X32 X=X

\/\/>_

X34—X33

Formula 4-14

®!

X31=X3 X41=<

\/\//X“2

X34— X33 —Xa3
Formula 4-15

X31=X3 — X4
\
N\ 7/ \ s
X34—X33 Xy—Xg3
Formula 4-16
X ‘<
1 3
_ 7
Xa4
X =
X
\ / 32
X34—X33
Formula 4-17
//X42 -Xa3
X4 \>_ *
Xu4
//X32
X34—X33
Formula 4-18
Xa2—X43
/R
X41 X34
X31= *
//X32
Xy—X33
Formula 4-19
Xi3
\X4
4
/
— X3,
\X
\ / 32
X34—X33
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X41 /
X=X —X3\1
X
N 7/ N\ ;7
X=X X34— X33
X43=Xa4
X4/ !
>
A\Y
X41 /
X=X —X3)
\X
N\ / N\ s
Xo4—Xx X34—Xs33
Xo1=X» X31=X5 Xp=Xg2

W aYWaWa

Xo4—X23 X34—X33
X=X X31=X32 ‘<
<\ /> <\ /> <\ //
Xo4—Xx X34—Xs33
Xo1=X» X31=X5 —Xil
N\ /7 N\ 7/ \ /&
Xo4—X23 X34—X33 Xaa—Xq3
»
77N\
X41 Xi3
/
= X44
X=X X31=
X4 X3
23 34— X33
Xp—Xu3
4 \>_
1
Xa4

X=X X31=
/

X24\ />—<\ //st
>_X23 X34—Xs33

*

71

Formula 4-20

Formula 4-21

Formula 4-22

Formula 4-23

Formula 4-24

Formula 4-25

Formula 4-26
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A\Y
X41 4
X=X X31= !
Xa4 >_< X352
\ / N
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*
"
>: Xa3
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> 4
N
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24 32
\ / N
Xa3 X34—Xs33
*
»
X43:<
X4
\\
X41
X21— X — X31
X23 X34 X33

Mar. 2, 2017

Formula 4-27

Formula 4-28

Formula 4-29

Formula 4-30

X34 X33
*
Formula 4-31
/X21=X22 X31=Xs2 Xy=X42
Xo4
R 4%_<\ 7/ N\ /
Xa3 X34—X33 Xy—Xy3
*
Formula 4-32
»
/X21—X22 X31=X52 X41:<
. X
R/ N\ /N v
Xa3 X34— X33 Xy—Xy3
*
Formula 4-33
"
/X21—X22 X31=Xs2 — X4
\
X X2
X 4/ N /4 N\
X3 X34—X33 Xya—Xq3
*
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Formula 4-34
"
X424<
7 N\
X41 X3
/
Xa4
/X21=X22 X31=
Xo4 X3
3 4%_<\ 4/
Xa3 X34—Xs33
*
Formula 4-35
/X42—X43
X4 \>—*'
X4
/X21=X22 X31=
Xo4 X3
N 4/2_<\ 4
Xa3 X34—Xs33
*
Formula 4-36
Xa2—Xa4
7N
X41 Xas
/X21—X22 X31= !
Xo4 Xn
3 4/2_<\ V4
X3 X34—X33
*
Formula 4-37
Formula 4-38
Formula 4-39
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Formula 4-40
Xy=Xn Qo X31=X32
s
Xoa=X23 Q62 X34—X33
Formula 4-41
*
>;X22 Qsi X34= X33
X352
nN 7 | <
Xu=Xn Qp X
-
Formula 4-42
le— X31=X52
\
Xzz \ //X33
X24 X23 X35
"

wherein, in Formulae 4-1 to 4-42,

X518 NorC(Z,,), X5, 18 Nor C(Z,,), X553 is Nor C(Z,5),
X4 18 N or C(Z,,), X5, 18 N or C(Z5,), X5, is N or
C(Z55), X535 18 N or C(Z53), X5, is N or C(Z5,), X4, is
NorC(Z,,),X,,is Nor C(Z,,), X,51s N or C(Z,;), and
X4 18 N or C(Z,,), wherein each of X, to X,, is not
simultaneously N, wherein each of X5, to X,, is not
simultaneously N, and wherein X, to X, is not simul-
taneously N,

7, t07Z,,, 7, to Zy, and Z,, to Z,, are each indepen-
dently selected from a hydrogen, a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, —CF;,
—CF,H, —CFH,, a phenyl group, a phenyl group
substituted with a cyano group, a biphenyl group, a
terphenyl group, a naphthyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a fluorenyl group, a carbazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl

group, and —Si(Q;,)(Q,2)(Q73),

Q,, to Q,; are each independently selected from a hydro-
gen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a fluorenyl group, a carbazolyl group, a diben-
zofuranyl group, and a dibenzothiophenyl group, and

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

15. The organic light-emitting device of claim 10, wherein

T,, to T, are each independently selected from

a hydrogen, a deuterium, —F, a cyano group, a C,-C,,
alkyl group, a C,-C,, alkoxy group, —CF;, —CF,H,
and —CFH,;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium,
—F, a cyano group, —CF;, —CF,H, and —CFH,;
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a phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group;

a phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least
one selected from a deuterium, —F, a cyano group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, —CF;,
—CF,H, —CFH,, a phenyl group, a biphenyl group, a
terphenyl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, a carbazolyl group, a diben-
zofuranyl group, and a dibenzothiophenyl group; and

—S1(Qy; )(Qs2)(Qs3), and

Qo t0 Q5 are each independently selected from a hydro-
gen, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group.

16. The organic light-emitting device of claim 10, wherein

Q,; to Q,3, Qs,, and Q,, are each independently selected
from

a phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group,
a carbazolyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least
one selected from a deuterium, —F, a cyano group, a
C,-C,, alkyl group, a C,-C,, alkoxy group, —CFj,,
—CF,H, —CFH,, a phenyl group, a biphenyl group, a
terphenyl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, a carbazolyl group, a diben-
zofuranyl group, and a dibenzothiophenyl group.

17. The organic light-emitting device of claim 1, wherein
the host is selected from Compounds H1 to H24:

H1
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H21
S
N
P
CN
H22
N
N

QP=O O O=P@
J0
Qoo

18. The organic light-emitting device of claim 1, wherein
the fluorescent dopant comprises a naphthalene core, a
fluorene core, a spiro-bifluorene core, a benzofluorene core,
a dibenzofluorene core, a phenanthrene core, an anthracene
core, a fluoranthene core, a triphenylene core, a pyrene core,
a chrysene core, a naphthacene core, a picene core, a
perylene core, a pentaphene core, an indenoanthracene core,
a tetracene core, a bisanthracene core, a core represented by
one of Formulae 501-1 to 501-18, or any combination
thereof:



S20s®
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O

S20g 9

C

A S

90'0.80

Formula 501-4

Formula 501-6
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-continued -continued
Formula 501-11 Formula 501-15

Formula 501-16

Formula 501-17

Formula 501-18
Formula 501-13

19. The organic light-emitting device of claim 1, wherein
O D the fluorescent dopant is selected from compounds repre-

sented by Formula 501:

Formula 501
(Lson)xa1=Rso1

Arso—T (Lso3)xas =N,

\(LSOZ)de -Rso2
xd4
. Formula 501-1

Formula 501-14

3
%
O
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Formula 501-13
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Q:g
8 ®

Formula 501-15

Formula 501-16
Formula 501-17

wherein, in Formula 501,

Ars,, is selected from

a naphthalene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, an anthracene group, a fluo-
ranthene group, a triphenylene group, a pyrene group,
a chrysene group, a naphthacene group, a picene group,
a perylene group, a pentaphene group, an indenoan-
thracene group, a tetracene group, a bisanthracene
group, and a group represented by one of Formulae
501-1 to 501-18; and

a naphthalene group, a fluorene group, a spiro-bifluorene
group, a benzofluorene group, a dibenzofluorene group,
a phenanthrene group, an anthracene group, a fluo-
ranthene group, a triphenylene group, a pyrene group,
a chrysene group, a naphthacene group, a picene group,
a perylene group, a pentaphene group, an indenoan-
thracene group, a tetracene group, a bisanthracene
group, and a group represented by one of Formulae
501-1 to 501-18, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-Cg, alkyl group, a C,-Cg,
alkenyl group, a C,-C, alkynyl group, a C,-Cg, alkoxy

Formula 501-18
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group, a C;-C,, cycloalkyl group, a C,-C,, heterocy- nyl group, a carbazolyl group, a triazinyl group, a
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,, dibenzofuranyl group, and a dibenzothiophenyl group,
heterocycloalkenyl group, a Cs-Cg, aryl group, a xd1 to xd3 are each independently selected from 0, 1, 2,
Cs-Cqo aryloxy group, a C4-Cy, arylthio group, a and 3, and

C,-Cyp heteroaryl group, a monovalent non-aromatic xd4 is selected from 0, 1, 2, 3, 4, 5, and 6.

condensed polycyclic group, a Iponovalent hon-aro- 20. The organic light-emitting device of claim 1, wherein
matic condensed heteropolycyclic group, and —Si the fluorescent dopant comprises any one of Compounds

(Qs01)(Q502)(Qsp3) (Wherein Qso; to Qses are each FD(1) to FD(14), any one of Compounds FD1 to FD13, or
independently selected from a hydrogen, a C,-Cg, alkyl any combination thereof:

group, a C,-Cg, alkoxy group, a C,-Cg, aryl group, a

C,-Cgo heteroaryl group, a monovalent non-aromatic

condensed polycyclic group, and a monovalent non- Compound FD(1)
aromatic condensed heteropolycyclic group),

Lso; to Lso; are each independently selected from a

substituted or unsubstituted C;-C,, cycloalkylene Q

group, a substituted or unsubstituted C,-C,, heterocy- N Q \ Q
cloalkylene group, a substituted or unsubstituted 0 O \

C;-C,, cycloalkenylene group, a substituted or unsub- O O NE

stituted C,-C,, heterocycloalkenylene group, a substi-
tuted or unsubstituted C4-Cg, arylene group, a substi-
tuted or unsubstituted C,-C, heteroarylene group, a Compound FD(2)
substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsub-

stituted divalent non-aromatic condensed heteropoly- O

cyclic group, N Q \ Q
Rso; and Ry, are each independently selected from O O Q \ O N
a phenyl group, a biphenyl group, a terphenyl group, a O

naphthyl group, a fluorenyl group, a spiro-bifluorenyl

group, a benzofluorenyl group, a dibenzofluorenyl Compound FD(3)
group, a phenanthrenyl group, an anthracenyl group, a

pyrenyl group, a chrysenyl group, a pyridinyl group, a

pyrazinyl group, a pyrimidinyl group, a pyridazinyl

group, a quinolinyl group, an isoquinolinyl group, a

quinoxalinyl group, a quinazolinyl group, a carbazole

group, a triazinyl group, a dibenzofuranyl group, and a

dibenzothiophenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-bifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a carbazolyl
group, a triazinyl group, a dibenzofuranyl group, and a
dibenzothiophenyl group, each substituted with at least
one selected from a deuterium, —F, —Cl, —Br, —1, 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,-C,,
alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, a naphthyl group, a fluorenyl group, a
spiro-bifluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl group, a pyrenyl group, a chrysenyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinoxalinyl group, a quinazoli-

Compound FD(4)
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