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(7) ABSTRACT

Provided are an organometallic compound, an organic light-
emitting device including the organometallic compound,
and a diagnostic composition including the organometallic
compound. The organometallic compound is represented by
Formula 1:

Formula 1
ML iDarL12lar2

Formula 1-1

G

Ri7eiz

L,, is a ligand represented by Formula 1-1 and L,, is a
monodentate ligand or a bidentate ligand. The designations
M,,, nll, nl2, XII'XI.SS Y1.1s Ay AIZ{ Tus.Ens Gy, to Gy,
all, and b17 are described in the specification.
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ORGANOMETALLIC COMPOUND,
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE ORGANOMETALLIC

COMPOUND, AND DIAGNOSTIC

COMPOSITION INCLUDING THE

ORGANOMETALLIC COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority to and benefit
of Korean Patent Application No. 10-2018-0165470, filed
on Dec. 19, 2018, and Korean Patent Application No.
10-2019-0148082, filed on Nov. 18, 2019, in the Korean
Intellectual Property Office, and all the benefits accruing
therefrom under 35 U.S.C. § 119, the content of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to an organome-
tallic compound, an organic light-emitting device including
the organometallic compound, and a diagnostic composition
including the organometallic compound.

2. Description of the Related Art

[0003] Organic light-emitting devices are self-emission
devices, which have better characteristics in terms of a
viewing angle, a response time, a brightness, a driving
voltage, and a response speed, and produce full-color
images.

[0004] In one or more embodiments, an organic light-
emitting device includes an anode, a cathode, and an organic
layer located between the anode and the cathode and includ-
ing an emission layer. A hole transport region may be
between the anode and the emission layer, and an electron
transport region may be between the emission layer and the
cathode. Holes provided from the anode may move toward
the emission layer through the hole transport region, and
electrons provided from the cathode may move toward the
emission layer through the electron transport region. The
holes and the electrons recombine in the emission layer to
produce excitons. These excitons transit from an excited
state to a ground state, thereby generating light.

[0005] Meanwhile, luminescent compounds may be used
to monitor, sense, or detect a variety of biological materials
including cells and proteins. An example of the luminescent
compounds includes a phosphorescent luminescent com-
pound.

SUMMARY

[0006] Aspects of the present disclosure provide a novel
organometallic compound, an organic light-emitting device
including the organometallic compound, and a diagnostic
composition including the organometallic compound.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.
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[0008] An aspect of the present disclosure provides an
organometallic compound represented by Formula 1:

Formula 1
MyiLyD)ai1 (L1212
Formula 1-1
G Gu Eian
G
G
P S
Rizlp17
[0009] In Formulae 1 and 1-1,
[0010] M,, may be a first-row transition metal, a second-

row transition metal, or a third-row transition metal, of the
Periodic Table of Elements,

[0011] *1 to *4 each indicate a binding site to M, |,
[0012] L,, may be a ligand represented by Formula 1-1,
[0013] L,, may be a monodentate ligand or a bidentate
ligand,

[0014] nll may be 1,

[0015] nl2 may be 0, 1, or 2,

[0016] X, and X5 to X, may each independently be C,
[0017] X, and X, may each independently be N,
[0018] X, and X,,, X,; and X,,, X, and X,,, and X,

and X, may each independently be linked via a chemical
bond,

[0019] Y,, may be N(R,y), O, or S,

[0020] A,, may be a N-containing C,-Cg, heterocyclic
group,

[0021] A,, may be a Cs-C4, carbocyclic group, or a

C,-Cg, heterocyclic group,

[0022] T,; may be CR0)R;0), Si(R10)(Rap) O, S, or
N(RIQ)S
[0023] E,, may be a substituted or unsubstituted C,-Cg,

alkyl group, a substituted or unsubstituted C,-Cg, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,;, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
C-Cg aryl group, a substituted or unsubstituted C,-Cg,
alkylaryl group, a substituted or unsubstituted C,-Cg, aryl-
alkyl group, a substituted or unsubstituted C4-C, aryloxy
group, a substituted or unsubstituted C,-Cy, arylthio group,
a substituted or unsubstituted C,-Cq, heteroaryl group, a
substituted or unsubstituted C,-Cg, alkylheteroaryl group, a
substituted or unsubstituted C,-C, heteroarylalkyl group, a
substituted or unsubstituted C,-C, heteroaryloxy group, a
substituted or unsubstituted C,-C, heteroarylthio group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, or a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic

group,
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[0024] G,, to G,, may each independently be hydrogen,
deutetium, —F, —Cl, —Br, or —I,

[0025] R,y may be a group represented by *—C(Q,.,;)
(Q102)(Q103)5
[0026] R,; to R, and Q,,, to Q,,, may each indepen-

dently be hydrogen, deuterium, —F, —Cl, —Br, —I, —SF.,
a hydroxyl group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or unsub-
stituted C,-Cg, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted C,-C,
alkynyl group, a substituted or unsubstituted C,-Cg, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cqo aryl group, a substituted or unsubstituted C,-Cy,
alkylaryl group, a substituted or unsubstituted C,-C, aryl-
alkyl group, a substituted or unsubstituted C,-C,, aryloxy
group, a substituted or unsubstituted C,-C,, arylthio group,
a substituted or unsubstituted C,-Cq, heteroaryl group, a
substituted or unsubstituted C,-C, alkylheteroaryl group, a
substituted or unsubstituted C,-Cy, heteroarylalkyl group, a
substituted or unsubstituted C,-C, heteroaryloxy group, a
substituted or unsubstituted C,-C, heteroarylthio group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, —Si(Q)(Q)(Q;3), —BQ)(Q), —N(Q)(Q>),
—PQ)Q,), —C=0)Q)), —SEE0)Q)), —SE0),
Q). —PEOXQQ,), or —P(=S)Q)(Qy),

[0027] at least one Q,, to Q,; may be a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substituted
or unsubstituted C;-C, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C4-Cq,, aryl group, a substituted or
unsubstituted C,-C, alkylaryl group, a substituted or unsub-
stituted C,-Cy, arylalkyl group, a substituted or unsubsti-
tuted C4-Cg, aryloxy group, a substituted or unsubstituted
C¢-Cyo arylthio group, a substituted or unsubstituted C,-C,
heteroaryl group, a substituted or unsubstituted C,-Cg,
alkylheteroaryl group, a substituted or unsubstituted C,-Cy,
heteroarylalkyl group, a substituted or unsubstituted C,-Cg,
heteroaryloxy group, a substituted or unsubstituted C,-Cg,
heteroarylthio group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, or a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic group,

[0028] R,,and R,y may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, —SF, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a substituted or unsubstituted
C,-Cg alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group, a
substituted or unsubstituted C,-Cy,, alkylaryl group, a sub-
stituted or unsubstituted C,-Cg, arylalkyl group, a substi-
tuted or unsubstituted C4-Cy, aryloxy group, a substituted or

Jun. 25, 2020

unsubstituted C4-Cy, arylthio group, a substituted or unsub-
stituted C,-Cy, heteroaryl group, a substituted or unsubsti-
tuted C,-C, alkylheteroaryl group, a substituted or unsub-
stituted C,-Cg, heteroarylalkyl group, a substituted or
unsubstituted C,-Cy, heteroaryloxy group, a substituted or
unsubstituted C,-C, heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)(Q.,)
(Qs), —BQ(Q:), —N(Q)(Q,), —P(Q)(Q,), —C(=0)
(Q), —SE0XQ)). —S(=0),(Q)), —P(=0)(Q)(Qy), or
—P(E=S)(Q(Qy),

[0029] two neighboring groups among R,, to R,, may
optionally be linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-Cy, heterocyclic group, all and b17 may each indepen-
dently be 1, 2,3,4,5,6,7, or 8, and

[0030] Q, to Q, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C, 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,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cg, aryl group, a C,-C, alkylaryl group, a
C,-Cg arylalkyl group, a C4-Cgyy aryloxy group, a Co-Cy,
arylthio group, a C,-Cg, heteroaryl group, a C,-C,, alkyl-
heteroaryl group, a C,-Cq, heteroarylalkyl group, a C,-Cy,
heteroaryloxy group, a C,-Cg, heteroarylthio group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group, a
C,-Cg, alkyl group substituted with at least one deuterium,
—F, a cyano group, a C,-C, alkyl group, a C4-Cy, aryl
group, or any combination thereof, or a C¢-Cgy, aryl group
substituted with at least one deuterium, —F, a cyano group,
a C,-Cy, alkyl group, a C,-Cg, aryl group, or any combi-
nation thereof, or

[0031] * indicates a binding site to a neighboring atom.
[0032] Another aspect of the present disclosure provides
an organic light-emitting device including: a first electrode;
a second electrode; an organic layer between the first elec-
trode and the second electrode and including an emission
layer, wherein the organic layer includes the organometallic
compound described above.

[0033] The organometallic compound in the emission
layer may act as a dopant.

[0034] Another aspect of the present disclosure provides a
diagnostic composition including the organometallic com-
pound described above.

BRIEF DESCRIPTION OF THE DRAWING

[0035] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with FIGURE
which is a schematic view of an organic light-emitting
device according to an embodiment.

DETAILED DESCRIPTION

[0036] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
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as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the FIGURES, to explain aspects of the present
description. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0037] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0038] 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 sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0039] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, “a,” “an,” “the,” and “at least
one” do not denote a limitation of quantity, and are intended
to cover both the singular and plural, unless the context
clearly indicates otherwise. For example, “an element” has
the same meaning as “at least one element,” unless the
context clearly indicates otherwise.

[0040] “Or” means “and/or.” As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. It will be further understood
that the terms “‘comprises” and/or “comprising,” or
“includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0041] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the FIGURES. It will be understood that
relative terms are intended to encompass different orienta-
tions of the device in addition to the orientation depicted in
the FIGURES. For example, if the device in one of the
FIGURES is turned over, elements described as being on the
“lower” side of other elements would then be oriented on
“upper” sides of the other elements. The exemplary term
“lower,” can therefore, encompasses both an orientation of
“lower” and “upper,” depending on the particular orientation
of the FIGURE. Similarly, if the device in one of the
FIGURES is turned over, elements described as “below” or
“beneath” other elements would then be oriented “above”
the other elements. The exemplary terms “below” or
“beneath” can, therefore, encompass both an orientation of
above and below.
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[0042] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10% or 5% of the
stated value.

[0043] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0044] 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.

[0045] An organometallic compound according to an
embodiment is represented by Formula 1:

Myi(LiDe1nT2)n2- Formula 1

[0046] In Formula 1, M;, may be a first-row transition
metal, a second-row transition metal, or a third-row transi-
tion metal, of the Periodic Table of Elements.

[0047] For example, in Formula 1, M,, may be platinum
(Pt), palladium (Pd), copper (Cu), silver (Ag), gold (Au),
thodium (Rh), iridium (Ir), ruthenium (Ru), osmium (Os),
titanium (T1), zirconium (Zr), hafnium (Hf), europium (Eu),
terbium (Tb), or thulium (Tm), but embodiments of the
present disclosure are not limited thereto.

[0048] In one or more embodiments, in Formula 1, M,
may be Pt, Pd, Cu, Ag, Au, Rh, Ir, Ru, and Os, but
embodiments of the present disclosure are not limited
thereto.

[0049] In one or more embodiments, in Formula 1, M,
may be Pt and Pd, but embodiments of the present disclosure
are not limited thereto.

[0050] In one or more embodiments, in Formula 1, M,
may be Pt, but embodiments of the present disclosure are not
limited thereto.
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[0051] In Formula 1, L, may be a ligand represented by
Formula 1-1:

Formula 1-1

[0052]
site to M, ;.

In Formula 1-1, *1 to *4 each indicate a binding

[0053] In Formula 1-1, X, and X,; to X,, may each
independently be C, and X,, and X, may each indepen-
dently be N.

[0054] InFormulal-1,X,, and X,,, X,; and X,,, X,, and
X, g and X, and X |, may each independently be linked via
a chemical bond.

[0055] In Formulae 1 and 1-1, a ring including M, X,
X, X3, and X, may be a 5-membered ring.

[0056] In Formulae 1 and 1-1, a ring including M, ,, X,
X,s Ty, and X, may be a 6-membered ring,

[0057] In Formulae 1 and 1-1, a ring including M, ,, X s,
X5 N, and X, may be a 6-membered ring.

[0058] In Formula 1-1,Y,;; may be N(R,,), O, or S, and
R, may be the same as described below.

[0059] For example, in Formula 1-1, Y, may be N(R,),
but embodiments of the present disclosure are not limited
thereto.

[0060] In Formula 1-1, A;, may be an N-containing
C,-Cy, heterocyclic group.

[0061] For example, in Formula 1-1, A,, may be: a first
ring; a condensed ring in which two or more first rings are
condensed with each other; or a condensed ring in which one
or more first rings are condensed with one or more second
rings, respectively,

[0062] the first ring may be a pyrrole group, a pyrrolidine
group, an imidazolidine group, a dihydropyrrole group, a
dihydroimidazole group, an oxazole group, an isoxazole
group, an oxadiazole group, an oxatriazole group, a thiazole
group, an isothiazole group, a thiadiazole group, a thiatri-
azole group, a pyrazole group, an imidazole group, a triazole
group, a tetrazole group, a pyridine group, a piperidine
group, a tetrahydropyridine group, a dihydropyridine group,
a pyrimidine group, a hexahydropyrimidine group, a tetra-
hydropyrimidine group, a dihydropyrimidine group, a pyra-
Zine group, a piperazine group, a tetrahydropyrazine group,
a dihydropyrazine group, a pyridazine group, a tetrahydro-
pyridazine group, a dihydropyridazine group, or a triazine
group, or

[0063] the second ring may be a cyclopentane group, a
cyclopentene group, a cyclopentadiene group, a furan group,
a thiophene group, a silole group, a cyclohexane group, a
cyclohexene group, a cyclohexadiene group, a benzene

Jun. 25, 2020

group, an adamantane group, a norbornane group, or a
norbornene group, but embodiments of the present disclo-
sure are not limited thereto.

[0064] In one or more embodiments, A;, in Formula 1-1
may be an indole group, a carbazole group, an indenopyti-
dine group, an indolopyridine group, a benzofuropyridine
group, a benzothienopyridine group, a benzosilolopyridine
group, an indenopyrimidine group, an indolopyrimidine
group, a benzofuropyrimidine group, a benzothienopyrimi-
dine group, a benzosilolopyrimidine group, a pyridine
group, a piperidine group, a tetrahydropyridine group, a
dihydropyridine group, a pyrimidine group, a hexahydropy-
rimidine group, a tetrahydropyrimidine group, a dihydropy-
rimidine group, a pyrazine group, a piperazine group, a
tetrahydropyrazine group, a dihydropyrazine group, a
pyridazine group, a tetrahydropyridazine group, a dihydro-
pyridazine group, a triazine group, a quinoline group, an
isoquinoline group, a quinoxaline group, a quinazoline
group, a cinnoline group, a phthalazine group, a phenan-
throline group, a pyrrole group. a pyrazole group, an imi-
dazole group, a dihydroimidazole group, a triazole group, a
dihydrotriazole group, an oxazole group, an isoxazole
group, a thiazole group, an isothiazole group, an oxadiazole
group, a thiadiazole group, a benzopyrazole group, a benz-
imidazole group, a dihydrobenzimidazole group, an imida-
zopyridine group, a dihydroimidazopyridine group, an imi-
dazopyrimidine group, a dihydroimidazopyrimidine group,
an imidazopyrazine group, a dihydroimidazopyrazine group,
a benzoxazole group, a benzothiazole group, a benzoxadi-
azole group, a benzothiadiazole group, a tetrahydroisoqui-
noline group, a tetrahydroquinoline group, a tetrahy-
drophthalazine group, or a tetrahydrocinnoline group, but
embodiments of the present disclosure are not limited
thereto.

[0065] In one or more embodiments, A, in Formula 1-1
may be an indenopyridine group, an indolopyridine group, a
benzofuropyridine group, a benzothienopyridine group, a
benzosilolopyridine group, an indenopyrimidine group, an
indolopyrimidine group, a benzofuropyrimidine group, a
benzothienopyrimidine group, a benzosilolopyrimidine
group, a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, a qui-
nazoline group, a cinnoline group, a phthalazine group, a
phenanthroline group, an imidazopyridine group, an imida-
zopyrimidine group, or an imidazopyrazine group, but
embodiments of the present disclosure are not limited
thereto.

[0066] In one or more embodiments, A,, in Formula 1-1
may be a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, or a
quinazoline group, but embodiments of the present disclo-
sure are not limited thereto.

[0067] Inone or more embodiments, a moiety represented
by
s (Ertdan
:" Ay ".‘
18nexg=”
. / 17
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in Formula 1-1 may be Formulae 2-1 to 2-5, but embodi-
ments of the present disclosure are not limited thereto:

[0068]
[0069]

[0070]
and

[0071]

2-1
Y
| T Eian
N\\rfJ
N 2-2
X
( l(Ell)all
N A
2-3
s
| ——Eann
N\\r4J
2.4
x
T E1an1
N\(
2-5

N
A
( \|_(Ell)all :

In Formulae 2-1 to 2-5,
*3 indicates a binding site to M,
* indicates a binding site to a neighboring atom,

E,, and all may each independently be the same as

defined in connection with Formula 1-1.

[0072]
by

In one or more embodiment, a moiety represented

... Bian
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in Formula 101 may be Formulae 2-11 to 2-31, but embodi-

ments of the present disclosure are not limited thereto:

Eila N
NS
Elle
B
N
NP
®1
| N Eila
NS
*,
B
N
*3/ 7 Eilq
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-continued
N
( A
* //’Tq 7 En
Eila N, Eip
\M/ R
N

N/
*5’/’ Eia
i
Eila
n,r’L§§:Tq

N/
*3//’ Eia
*,

Eila N

2-25
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-continued
2-27
(\/E]la
N, N
*3/ \(
®
2-28
Eila Eup
\(\r
N N
e Y
M
2-29
Ella | Nﬁ
N N
*f// ‘\\rf?
'R
2-30
[[’,’Iq;§::]”,»13]la
N N
*3/ \r
w!
2-31
Eila N, Eip
11 Y Y

[0073] In Formulae 2-11 to 2-31,

[0074] *3 indicates a binding site to M,

[0075] *' indicates a binding site to a neighboring atom,
and

[0076] E,,, and E,,, may each independently be the same
as defined in connection with E;, in Formula 1-1.

[0077] In Formula 1-1, A , may be a C,-C, carbocyclic
group, or a C,-C, heterocyclic group.

[0078] For example, in Formula 1-1, A, may be: a first
ring; a second ring; a condensed ring in which two or more
first rings are condensed with each other; a condensed ring
in which one or more first rings are condensed with one or
more second rings, respectively; or a condensed ring in
which two or more second rings are condensed with each
other,

[0079] the first ring may be a pyrrole group, a pyrrolidine
group, an imidazolidine group, a dihydropyrrole group, a
dihydroimidazole group, an oxazole group, an isoxazole
group, an oxadiazole group, an oxatriazole group, a thiazole
group, an isothiazole group, a thiadiazole group, a thiatri-
azole group, a pyrazole group, an imidazole group, a triazole
group, a tetrazole group, a pyridine group, a piperidine
group, a tetrahydropyridine group, a dihydropyridine group,
a pyrimidine group, a hexahydropyrimidine group. a tetra-
hydropyrimidine group, a dihydropyrimidine group, a pyra-
Zine group, a piperazine group, a tetrahydropyrazine group,
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a dihydropyrazine group, a pyridazine group, a tetrahydro-
pyridazine group, a dihydropyridazine group, or a triazine
group, and

[0080] the second ring may be a cyclopentane group, a
cyclopentene group, a cyclopentadiene group, a furan group,
a thiophene group, a silole group, a cyclohexane group, a
cyclohexene group, a cyclohexadiene group, a benzene
group, an adamantane group, a norbornane group, or a
norbornene group, but embodiments of the present disclo-
sure are not limited thereto.

[0081] In one or more embodiments, A, in Formula 1-1
may be a benzene group, a naphthalene group, a tetrahy-
dronaphthalene group, an anthracene group, a phenanthrene
group, a triphenylene group, a pyrene group, a chrysene
group, a cyclopentadiene group, a furan group, a thiophene
group, a silole group, an indene group, a fluorene group, a
benzofuran group, a dibenzofuran group, a benzothiophene
group, a dibenzothiophene group, a benzosilole group, a
dibenzosilole group, an indole group, a carbazole group, an
indenopyridine group, an indolopyridine group, a benzofu-
ropyridine group, a benzothienopyridine group, a benzosi-
lolopyridine group, an indenopyrimidine group, an indolo-
pyrimidine group, a benzofuropyrimidine group, a
benzothienopyrimidine group, a benzosilolopyrimidine
group, a pyridine group, a piperidine group, a tetrahydro-
pyridine group, a dihydropyridine group. a pyrimidine
group, a hexahydropyrimidine group, a tetrahydropyrimi-
dine group, a dihydropyrimidine group, a pyrazine group, a
piperazine group, a tetrahydropyrazine group, a dihydropy-
razine group, a pyridazine group, a tetrahydropyridazine
group, a dihydropyridazine group, a triazine group, a qui-
noline group, an isoquinoline group, a quinoxaline group, a
quinazoline group, a cinnoline group, a phthalazine group, a
phenanthroline group, a pyrrole group, a pyrazole group, an
imidazole group, a dihydroimidazole group, a triazole
group, a dihydrotriazole group, an oxazole group, an isox-
azole group, a thiazole group, an isothiazole group, an
oxadiazole group, a thiadiazole group, a benzopyrazole
group, a benzimidazole group, a dihydrobenzimidazole
group, an imidazopyridine group, a dihydroimidazopyridine
group, an imidazopyrimidine group. a dihydroimidazopy-
rimidine group, an imidazopyrazine group, a dihydroimida-
zopyrazine group, a benzoxazole group, a benzothiazole
group, a benzoxadiazole group, a benzothiadiazole group, a
tetrahydroisoquinoline group, a tetrahydroquinoline group, a
tetrahydrophthalazine group, or a tetrahydrocinnoline group,
but embodiments of the present disclosure are not limited
thereto.

[0082] In one or more embodiments, A, in Formula 1-1
may be a benzene group, a naphthalene group, an anthracene
group, a phenanthrene group, a triphenylene group, a pyrene
group, a chrysene group, a furan group, a thiophene group,
a silole group, an indene group, a fluorene group, a benzo-
furan group, a dibenzofuran group, a benzothiophene group,
a dibenzothiophene group, a benzosilole group, a dibenzo-
silole group, an indole group, a carbazole group, an inden-
opyridine group, an indolopyridine group, a benzofuropyri-
dine group, a  benzothienopyridine group, a
benzosilolopyridine group, an indenopyrimidine group, an
indolopyrimidine group, a benzofuropyrimidine group, a
benzothienopyrimidine group, a benzosilolopyrimidine
group, a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, a qui-
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nazoline group, a cinnoline group, a phthalazine group, a
phenanthroline group, a pyrrole group, a pyrazole group, an
imidazole group, a triazole group, an oxazole group, an
isoxazole group, a thiazole group, an isothiazole group, an
oxadiazole group, a thiadiazole group, a benzopyrazole
group, a benzimidazole group, an imidazopyridine group, an
imidazopyrimidine group, an imidazopyrazine group, a ben-
zoxazole group, a benzothiazole group, a benzoxadiazole
group, or a benzothiadiazole group, but embodiments of the
present disclosure are not limited thereto.

[0083] In one or more embodiments, A, in Formula 1-1
may be a benzene group, a naphthalene group, an indene
group, a fluorene group, a benzofuran group, a dibenzofuran
group, a benzothiophene group, a dibenzothiophene group,
a benzosilole group, a dibenzosilole group, an indole group,
a carbazole group, an indenopyridine group, an indolopyri-
dine group, a benzofuropyridine group, a benzothienopyri-
dine group, a benzosilolopyridine group, an indenopyrimi-
dine  group, an indolopyrimidine  group, a
benzofuropyrimidine group, a benzothienopyrimidine
group, a benzosilolopyrimidine group, a pyridine group, a
pyrimidine group, a pyrazine group, a pyridazine group, a
triazine group, a quinoline group, an isoquinoline group, a
quinoxaline group, a quinazoline group, a benzopyrazole
group, a benzimidazole group, an imidazopyridine group, an
imidazopyrimidine group, an imidazopyrazine group, a ben-
zoxazole group, a benzothiazole group, a benzoxadiazole
group, or a benzothiadiazole group, but embodiments of the
present disclosure are not limited thereto.

[0084] In one or more embodiments, A, in Formula 1-1
may be a benzene group, a naphthalene group, an indene
group, a fluorene group, a benzofuran group, a dibenzofuran
group, a benzothiophene group, a dibenzothiophene group,
a benzosilole group, or a dibenzosilole group, but embodi-
ments of the present disclosure are not limited thereto.
[0085] In one or more embodiments, a moiety represented

®!

in Formula 1-1 may be represented by Formula 3-1, but
embodiments of the present disclosure are not limited
thereto:

31

x/

Ri7p17

[0086] In Formula 3-1,
[0087] *1 indicates a binding site to M,
[0088] *' and *" each indicate a binding site to a neigh-

boring atom, and
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[0089] R,, and b17 may each independently be the same
as defined in connection with Formula 1-1.

[0090] In Formula 1-1, T,, may be C(R,4)(R,0), Si(R )
Ry), O, S, or N(Rg), wherein R, and R,, will be
described below.

[0091] InFormula1-1, E;, may be a substituted or unsub-
stituted C,-Cg, alkyl 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,, cycloalkeny! group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4s-Cq, aryl group, a substituted or unsubstituted
C,-Cy, alkylaryl group, a substituted or unsubstituted
C,-Cs, arylalkyl group, a substituted or unsubstituted
Cs-Cyo aryloxy group, a substituted or unsubstituted C,-C,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted C,-Cg, alkyl-
heteroaryl group, a substituted or unsubstituted C,-C,,
heteroarylalkyl group, a substituted or unsubstituted C,-Cg,
heteroaryloxy group, a substituted or unsubstituted C,-Cy,
heteroarylthio group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, or a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic group.

[0092] For example, E, ;| in Formula 1-1 may be:
[0093] a C,-C,, alkyl group, or a C,-C,, alkoxy group;
[0094] a C,-C,, alkyl group, or a C,-C,, alkoxy group,

each substituted with at least one deuterium, —F, —Cl,
—Br, —I, —CD,, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
naphthyl group, a pyridinyl group, a pyrimidiny! group, or
any combination thereof;

[0095] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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-
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nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, or an imidazopyrimidinyl
group; or

[0096] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarolyl 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, an imidazopyridinyl group, or an imidazopyrimidinyl
group, each substituted with at least one deuterium, —F,
—Cl, —Br, —I, —CD,, —CD,H, —CDH,, —CF;,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, an adamantyl group,
a norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl 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, an imidazopyridinyl group, or an imidazopyrimidinyl
group, but embodiments of the present disclosure are not
limited thereto.

[0097] In one or more embodiments, E,, in Formula 1-1
may be:
[0098] a methyl group, an ethyl group, an n-propyl group,

an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
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a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, an n-hexyl group, an ischexyl
group, a sec-hexyl group, a tert-hexyl group, an n-heptyl
group, an isoheptyl group, a sec-heptyl group, a tert-heptyl
group, an n-octyl group, an isooctyl group, a sec-octyl
group, a tert-octyl group, an n-nonyl group, an isononyl
group, a sec-nonyl group, a tert-nonyl group, an n-decyl
group, an isodecyl group, a sec-decyl group, a tert-decyl
group, a methoxy group, an ethoxy group, a propoxy group,
a butoxy group, or a pentoxy group;

[0099] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, an n-hexyl group, an ischexyl
group, a sec-hexyl group, a tert-hexyl group, an n-heptyl
group, an isoheptyl group, a sec-heptyl group, a tert-heptyl
group, an n-octyl group, an isooctyl group, a sec-octyl
group, a tert-octyl group, an n-nonyl group, an isononyl
group, a sec-nonyl group, a tert-nonyl group, an n-decyl
group, an isodecyl group, a sec-decyl group, a tert-decyl
group, a methoxy group, an ethoxy group, a propoxy group,
a butoxy group, or a pentoxy group, each substituted with at
least one deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a cyano group, a phenyl
group, a biphenyl group, a C,-C,, alkylphenyl group, a
naphthyl group, a pyridinyl group, a pyrimidiny! group, or
any combination thereof;

[0100] a phenyl group, a biphenyl group, a C,-C,, alky-
Iphenyl group, a naphthyl group, a pyridinyl group, a
pyrimidinyl group, a pyridazinyl group, or a triazinyl group;

[0101] a phenyl group, a biphenyl group, a C,-C,, alky-
Iphenyl group, a naphthyl group, a pyridinyl group, a
pyrimidinyl group, a pyridazinyl group, or a triazinyl group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —I, —CD,, —CD.H, —CDH,, —CF;, —CF,H,
—CFH,, a cyano group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, a pyridazinyl group, a triazinyl
group, or any combination thereof, but embodiments of the
present disclosure are not limited thereto.

[0102] In one or more embodiments, E,; in Formula 1-1
may be —CH,, —CD,, —CD,H, —CDH,, —CF,,
—CF,H, —CFH,, groups represented by Formulae 9-1 to
9-27, groups represented by Formulae 9-1 to 9-27 of which
at least one hydrogen is substituted with deuterium, or
groups represented by Formulae 10-1 to 10-56, 10-220, and
10-221, but embodiments of the present disclosure are not
limited thereto:
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[0103] In Formulae 9-1 to 9-27, 10-1 to 10-56, 10-220,
and 10-221,

[0104] * indicates a binding site to a neighboring atom,
[0105] 1-Pr indicates an isopropyl group,

[0106] t-Bu indicates a tert-butyl group, and

[0107] Ph indicates a phenyl group.

[0108] InFormulal-1,G,, to G,, may each independently

be hydrogen, deuterium, —F, —Cl, —Br, or —I, but
embodiments of the present disclosure are not limited
thereto.

[0109] For example, G, to G, in Formula 1-1 may each
independently be hydrogen or deuterium, but embodiments
of the present disclosure are not limited thereto.

[0110] InFormula 1-1, R, may be a group represented by
*4C(Q101)(Q102)(Q103)5

[0111] Q,,, to Q,; may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, —SF, a hydroxyl group,
a nitro group, an amidino group, a hydrazine group, a
hydrazone group, a substituted or unsubstituted C, -C, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group,
a substituted or unsubstituted C,-Cg, alkynyl group, a sub-
stituted or unsubstituted C,-Cg, alkoxy group, a substituted
or unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,,, heterocycloalkyl group, a substituted
or unsubstituted C;-C |, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-C, aryl group, a substituted or
unsubstituted C,-Cq, alkylaryl group, a substituted or unsub-
stituted C,-Cg, arylalkyl group, a substituted or unsubsti-
tuted C,-C,, aryloxy group, a substituted or unsubstituted
Cs-Co arylthio group, a substituted or unsubstituted C,-Cq,
heteroaryl group, a substituted or unsubstituted C,-Cg,
alkvlheteroaryl group, a substituted or unsubstituted C,-Cy,
heteroarylalkyl group, a substituted or unsubstituted C,-Cy,
heteroaryloxy group, a substituted or unsubstituted C,-Cg,
heteroarylthio group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic - group, —Si(Q,)(Q,)(Qs), —BQ,)(Qy);
—N(QIQ.), —PQ)Q,). —C(=0)Q). —SE=0)Qy)
—S(=0),(Q)): —PEO0)QQ,), or —P(=S)(Q,)(Q);
[0112] at least one Q,,; o Q,,; may be a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substituted
or unsubstituted C5-C , cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cq, aryl group, a substituted or
unsubstituted C,-C, alkylaryl group, a substituted or unsub-
stituted C,-Cg, arylalkyl group, a substituted or unsubsti-
tuted C4-Cg,, aryloxy group, a substituted or unsubstituted
C¢-Cyo arylthio group, a substituted or unsubstituted C,-C,
heteroaryl group, a substituted or unsubstituted C,-Cg,
alkylheteroaryl group, a substituted or unsubstituted C,-Cy,
heteroarylalkyl group, a substituted or unsubstituted C,-Cg,
heteroaryloxy group, a substituted or unsubstituted C,-Cg,
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heteroarylthio group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, or a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic group,

[0113] Q, to Q; may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazine group,
a hydrazone group, a C,-Cy, alkyl group, a C,-Cq, alkenyl
group, a C,-Cg, alkynyl group, a C,-Cy, alkoxy group, a
C;-C, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a Cq-Cq, aryl group, a C,-Cg, alkylaryl group, a
C,-Cg, arylalkyl group, a C4-Cg, aryloxy group, a C-Cy,
arylthio group, a C,-Cg, heteroaryl group, a C,-Cq, alkyl-
heteroaryl group, a C,-Cg, heteroarylalkyl group, a C,-Cg,
heteroaryloxy group, a C,-Cq, heteroarylthio group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group, a
C,-C, alkyl group substituted with at least one deuterium,
—F, a cyano group, a C,-Cq, alkyl group, a C4-Cg aryl
group, or any combination thereof, or a C4-Cy,, aryl group
substituted with at least one deuterium, —F, a cyano group,
a C,-Cy, alkyl group, a C,-C, aryl group, or any combi-
nation thereof, and

[0114] * indicates a binding site to a neighboring atom.
[0115] For example, in Formula 1-1, R, may be a group
represented by *—C(Q;,)(Q;02)(Q103), Wherein i) Q.
Q,0s, and Q, ,, may be different from each other, i) Q,,, and
Q, o may be different from each other, and Q,,, and Q, 5
may be identical to each other, or iii) Q,,; to Q,q3 may be
identical to each other.

[0116] In detail, in Formula 1-1, Q,,; and Q,,, may be
different from each other, and Q,, and Q,,; may be iden-
tical to each other.

[0117] In one or more embodiments, in Formula 1-1, R, 4
may be a group represented by *—C(Q0,)(Q102)Qi05)
[0118] wherein i) at least one Qo to Q,o; may be 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 C4-Cq, aryl group, a
substituted or unsubstituted C,-C, alkylaryl group, a sub-
stituted or unsubstituted C,-Cy, arylalkyl group, a substi-
tuted or unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C4-C, arylthio group, a substituted or unsub-
stituted C,-Cy, heteroaryl group, a substituted or unsubsti-
tuted C,-Cy, alkylheteroaryl group, a substituted or unsub-
stituted C,-Cq, heteroarylalkyl group, a substituted or
unsubstituted C,-Cg, heteroaryloxy group, a substituted or
unsubstituted C,-Cy, heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group,

[0119] ii) two substituents Q,,, to Q,,; may each be 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 C,-Cy,, alkylaryl group, a sub-
stituted or unsubstituted C,-Cy, arylalkyl group, a substi-
tuted or unsubstituted C4-Cy,, aryloxy group, a substituted or
unsubstituted C¢-Cg, arylthio group, a substituted or unsub-
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stituted C,-Cq, heteroaryl group, a substituted or unsubsti-
tuted C,-Cq, alkylheteroaryl group, a substituted or unsub-
stituted C,-Cg, heteroarylalkyl group, a substituted or
unsubstituted C,-Cg, heteroaryloxy group, a substituted or
unsubstituted C,-Cy,, heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, or

[0120] 1ii) all substituents Q,,; to Q,q; may each be 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,-C, aryl group, a
substituted or unsubstituted C,-Cy,, alkylaryl group, a sub-
stituted or unsubstituted C,-Cg, arylalkyl group, a substi-
tuted or unsubstituted C4-Cy, aryloxy group, a substituted or
unsubstituted C4-Cy, arylthio group, a substituted or unsub-
stituted C,-Cy, heteroaryl group, a substituted or unsubsti-
tuted C,-Cq, alkylheteroaryl group, a substituted or unsub-
stituted C,-Cg, heteroarylalkyl group, a substituted or
unsubstituted C,-C, heteroaryloxy group, a substituted or
unsubstituted C,-Cg, heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group.

[0121] In one or more embodiments, in Formula, R, may
be a group represented by *—C(Q,0,)(Q;0,)(Q;03), Wherein
at least one Q,,, to Q,,; may be a substituted or unsubsti-
tuted C5-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-Cy, aryl group, a substituted or unsubsti-
tuted C,-Cy, alkylaryl group, a substituted or unsubstituted
C,-Cq, arylalkyl group, a substituted or unsubstituted
C¢-Cqo aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted C,-C, alkyl-
heteroaryl group, a substituted or unsubstituted C,-Cg,
heteroarylalkyl group, a substituted or unsubstituted C,-Cy,
heteroaryloxy group, a substituted or unsubstituted C,-Cg,
heteroarylthio group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, or a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic group.

[0122] For example, in Formula 1-1, R4 may be a group

represented by *—C(Q,0,)(Q102)(Q103);

[0123] Q,,,; to Q,,; may each independently be:

[0124] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, —SFs, C,-C,,
alkyl group, or a C,-C,, alkoxy group;

[0125] a C,-C,, alkyl group or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —I, —CD,, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a nitro group, an amino group,
an amidino group, a hydrazine group, a hydrazone group, a
C,-C,, alkyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, a an ada-
mantyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
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phenyl group, a naphthyl group, a pyridinyl group, a pyrim-
idinyl group, or any combination thereof;

[0126] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group; or

[0127]  —Si(Q;)(Q2)(Q5), —B(Q)(Qx). or —N(Q,)(Q5).
[0128] at least one Q,,, to Q,,; may be:
[0129] a cyclopentyl group, a cyclohexyl group, a cyclo-

heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group; and

[0130] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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,
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an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at least one
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, an

imidazopyrimidinyl group, —Si(Q,,)(Q;,)(Q;3). —B(Q,,)
(Q5), —N(Q,)(Q,), or any combination thereof, and

[0131] Q, to Q; and Q,, to Q,; may each independently
be:
[0132] a methyl group, an ethyl group, an n-propyl group,

an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, or a naphthyl group; or
[0133] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group. a 3-pentyl group, a
3-methyl-3-butyl group, a phenyl group, or a naphthyl
group, each substituted with at least one deuterium, a phenyl
group, or a combination thereof.

[0134] In one or more embodiments, in Formula 1-1, R, 4
may be a group represented by *—C(Q,0,)(Q,02)(Q,03), and
[0135] i) at least one Q,,, to Q,,; may be:

[0136] a phenyl group, a biphenyl group, a C,-C,, alky-
Iphenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
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group, a triphenylenyl group, a pyrenyl group, a chrysenyl
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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, or an imidazopyrimidinyl group; or

[0137] a phenyl group, a biphenyl group, a C,-C,, alky-
Iphenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, or an imidazopyrimidinyl group, each
substituted with at least one deuterium, —F, —CI, —Br, —],
—CDb,, —CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclooctyl group, a an adamantyl group, a norbornyl
group, a norbornenyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a cycloheptenyl group, a phenyl group, a
biphenyl group, a C,-C,, alkylphenyl group, a naphthyl
group, a fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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
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triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, an

imidazopyrimidinyl group, —Si(Q,,)(Q,,)(Q,3). —B(Qy,)
(Q,5), —N(Q,,)(Q;,), or any combination thereof, and

[0138] the remaining two substituents may each indepen-
dently be:
[0139] hydrogen, deuterium, —F, —CI, —Br, —1, a

hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, —SF, a C,-C,, alkyl group, or a C,-C,, alkoxy
group; or

[0140] a C,-C,, alkyl group, or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —I, —CD,, —CD.H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof; or

[0141] 1) two substituents Q,,, to Q,,; may each inde-
pendently be:
[0142] a phenyl group, a biphenyl group, a C,-C,, alky-

Iphenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, or an imidazopyrimidinyl group; or

[0143] a phenyl group, a biphenyl group, a C,-C,, alky-
Iphenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
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isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, or an imidazopyrimidinyl group, each
substituted with at least one deuterium, —F, —CI1, —Br, —],
—CD,, —CD,H, —CDH,, —CF;, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclooctyl group, a an adamantyl group, a norbornyl
group, a norbornenyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a cycloheptenyl group, a phenyl group, a
biphenyl group, a C,-C,, alkylphenyl group, a naphthyl
group, a fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, an
imidazopyrimidiny! group, —Si(Q,,)(Q1)Q,) —B(Q,,)
(Q12), —N(Q,)(Q,), or any combination thereof, and
[0144] the remaining one substituent may be:

[0145] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, —SF,, a C,-C,, alkyl group, or a C,-C,, alkoxy
group; and

[0146] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —I, —CD,;, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, or a pyrimidinyl group, and

[0147] Q,, to Q,5 may each independently be:

[0148] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
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isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group. a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, or a naphthyl group; or
[0149] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, and a naphthyl
group, each substituted with at least one deuterium, a phenyl
group, or a combination thereof.

[0150] In one or more embodiments, in Formula 1-1, R, 4
may be a substituted or unsubstituted benzyl group, but
embodiments of the present disclosure are not limited
thereto.

[0151] InFormulal-1,R;; to R,, may each independently
be hydrogen, deuterivm, —F, —CI, —Br, —I, —SF,, a
hydroxyl group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or unsub-
stituted C,-Cy, alkyl group, a substituted or unsubstituted
C,-Cy, alkenyl group, a substituted or unsubstituted C,-C,
alkynyl group, a substituted or unsubstituted C,-Cy, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cqo aryl group, a substituted or unsubstituted C,-Cy,
alkylaryl group, a substituted or unsubstituted C,-C, aryl-
alkyl group, a substituted or unsubstituted C4-Cy, aryloxy
group, a substituted or unsubstituted C,-Cy, arylthio group,
a substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted C,-C, alkylheteroaryl group, a
substituted or unsubstituted C,-Cy, heteroarylalkyl group, a
substituted or unsubstituted C,-C, heteroaryloxy group, a
substituted or unsubstituted C,-Cy, heteroarylthio group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, 7Si(Q1)(Q2)(Q3)S *B(Q1)(Q2)s 7N(Q1)(Q2)s
—PQ)Q,), —C(=0)Q)), —SEO0)Q)), —S(=0),
Q). —PE0XQQ,), or —P(=S)Q Q).

[0152] R,,and R,, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, —SF,, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a substituted or unsubstituted
C,-Cgp alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C,-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group, a
substituted or unsubstituted C,-Cy,, alkylaryl group, a sub-
stituted or unsubstituted C,-Cg, arylalkyl group, a substi-
tuted or unsubstituted C,-Cg, aryloxy group, a substituted or
unsubstituted C,-Cg, arylthio group, a substituted or unsub-
stituted C,-Cy, heteroaryl group, a substituted or unsubsti-
tuted C,-Cg, alkylheteroaryl group, a substituted or unsub-
stituted C,-Cgq, heteroarylalkyl group, a substituted or
unsubstituted C,-C, heteroaryloxy group, a substituted or
unsubstituted C,-Cq, heteroarylthio group, a substituted or
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unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)(Q,)
(Qs), —BQ(Qo), —N(Q)(Q,), —P(Q)(Q,), —C(=0)
(Q1), —SE0XQ)). —S(=0),(Q), —P(=0)(Q(Qy), or
7P(:S)(Q1)(Q2)s

[0153] two neighboring rings among R, to R,, may
optionally be linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-Cs, heterocyclic group, and

[0154] Q, to Q, may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino group,
a hydrazono group, a C,-C,, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C,-C,, alkoxy group, a
C;-C,, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cq, aryl group, a C,-Cy, alkylaryl group, a
C,-Cy, arylalkyl group, a C4-Cg, aryloxy group, a C-Co
arylthio group, a C,-C, heteroaryl group, a C,-Cg, alkyl-
heteroaryl group, a C,-Cg, heteroarylalkyl group, a C,-C,
heteroaryloxy group, a C,-Cy, heteroarylthio group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group, a
C,-Cyg, alkyl group substituted with at least one deuterium,
—F, a cyano group, a C,-Cg, alkyl group, a C4-Cy, aryl
group, or any combination thereof, or a C4-Cgy, aryl group
substituted with at least one deuterium, —F, a cyano group,
a C,-Cy, alkyl group, a C,-Cg, aryl group, or any combi-
nation thereof.

[0155] For example, R, to R, in Formula 1-1 may each
independently be:

[0156] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl 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, —SF;, a
C,-C,, alkyl group, or a C,-C,, alkoxy group;

[0157] a C,-C,, alkyl group, or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —ClI,
—Br, —I, —CD,, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, , alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof;
[0158] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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,
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an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group;

[0159] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at least one
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine 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 cycloheptyl group, a cyclooctyl group, a an ada-
mantyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl 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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
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benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, an imidazopyrimidinyl group, —Si
Q1)Q:12)(Q13), —B(Q11)(Q2), —N(@Qy;)(Q,2), or any

combination thereof; or

[0160] —Si(Q,)(Q.)(Q5), —B(Q,)(Qy), or —N(Q,)(Q,),
[0161] R,, and R,, may each independently be:
[0162] hydrogen, deuterium, —F, —CI, —Br, —1, a

hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, —SF,, a C,-C,, alkyl group, or a C,-C,, alkoxy
group,

[0163] a C,-C,, alkyl group, or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —ClI,
—Br, —I, —CD,;, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof;
[0164] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group;

[0165] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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
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purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at least one
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxy! group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine 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 cycloheptyl group, a cyclooctyl group, a an ada-
mantyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl 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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, an imidazopyrimidinyl group, —Si
(QuQ12)(Qu3), —B(Q1)(Q2), —N(Q;)(Qy2), or any

combination thereof; or

[0166] —Si(Q;)Q.)(Q5), —B(Q)(Qy), or —N(Q;)Q.),
and
[0167] Q, to Q5 and Q,, to Q,; may each independently
be:
[0168] a methyl group, an ethyl group, an n-propyl group,

an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, or a naphthyl group; or

[0169] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, or a naphthyl
group, each substituted with at least one deuterium, a phenyl
group, or any combination thereof, but embodiments of the
present disclosure are not limited thereto.
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[0170] Inoneormore embodiments, R,, to R, in Formula
1-1 may each independently be hydrogen, deuterium, —F, a
nitro group, —SF,, —CH;, —CD;, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, groups represented by Formulae
9-1 to 9-27, groups represented by Formulae 9-1 to 9-27 of
which at least one hydrogen is substituted with deuterium,
groups represented by Formulae 10-1 to 10-227, —Si(Q,)

(Q2)(Q5), —B(Q(Q,), or —N(Q,)(Q,),

[0171] R,,and R,, may each independently be hydrogen,
deuterium, —F, a cyano group, a nitro group, —SFs, —CHj,,
—CD,, —CD,H, —CDH,,, —CF,, —CF,H, —CFH,, rep-
resented by Formulae 9-1 to 9-27, groups represented by
Formulae 9-1 to 9-27 of which at least one hydrogen is
substituted with deuterium, groups represented by Formulae
10-1 to 10-227, —Si(Q)NQ)(Qs). —BQ)Q,). or
—N(Q,)(Q,), but embodiments of the present disclosure are
not limited thereto:
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[0172] * indicates a binding site to a neighboring atom,
[0173] i-Pr indicates an isopropyl group,

[0174] t-Bu indicates a tert-butyl group,

[0175] Ph indicates a phenyl group,

[0176] 1-Nph indicates a 1-naphthyl group and 2-Nph
indicates a 2-naphthyl group,

[0177] 2-Pyr indicates a 2-pyridyl group, 3-Pyr indicates a
3-pyridyl group, and 4-Pyr indicates a 4-pyridyl group, and
[0178] Q, to Q; may each independently be:

[0179] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-penty!l group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, or a naphthyl group; or
[0180] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-penty! group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a naphthyl group,
each substituted with at least one deuterium, a phenyl group,
or any combination thereof.

[0181] In one or more embodiments, in Formula 1-1, R,
and R,, may be linked via the first linking group to form a
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substituted or unsubstituted C5-C,, carbocyclic group or a
substituted or unsubstituted C,-C;, heterocyclic group,
[0182] the first linking group may be a single bond,
*407*'3 *787*'5 *7[C(R101)(R102)]k117*3 *4(:
(Rlol):*'s *:C(Rlol)i*': *7C(R101):C(R102)7*'5
*_C(=0)—* * _(C(=S)—* * C=C—¥ * N
Rio ) *—PRyo )", *—SiR;0)R102)ler—™ 0r
*—P(R o) Ry g2)—",

[0183] R,,, andR,,, may each independently be the same
as defined in connection with R,

[0184] kIl may be 1, 2, 3, or 4,

[0185] * and * each indicate a binding site to a neighbor-
ing atom, but embodiments of the present disclosure are not
limited thereto.

[0186] In one or more embodiments, a moiety represented
by

"~
Tn

in Formula 1-1 may be *—0—*, *—S—*'* _N(R, o —*,
*—CRo)Ry0)—*, *—Si(R,5)(R,0)—*', or Formulae 4-1
and 4-2, but embodiments of the present disclosure are not
limited thereto:

41
4
I * A
N
Iz Q O 17
I3 lis
14 Iis

[0187] In Formulae 4-1 and 4-2,

[0188] J,; to J,; may each independently be hydrogen,
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine 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 cycloheptyl group, a cyclooctyl group, a an ada-
mantyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl 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
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pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, an imidazopyrimidinyl group, —Si
(QDQ12)Q13), —BQ)Qy) or —N@Q;,)(Q,5):

[0189]

[0190] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, or a naphthyl group; or

[0191] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, or a naphthyl
group, each substituted with at least one deuterium, a phenyl
group, or any combination thereof, and

Q,; to Q,; may each independently be:

[0192] * and * each indicate a binding site to a neighbor-
ing atom.
[0193] In one or more embodiments, E,, and R, may not

be linked to each other.

[0194] In Formula 1-1, all and bl7 may each indepen-
dently be 1, 2,3, 4, 5,6, 7, or 8.

[0195] In Formulae 1 and 1-1, two bonds a bond between
X,; and M, |, a bond between X, and M,,, a bond between
X,¢and M, |, and a bond between X ; and M, may each be
a coordinate bond while the other two bonds may each be a
covalent bond. Accordingly, the organometallic compound
represented by Formula 1 may be neutral (in particular,
having no (+) or (-) charge).

[0196] In Formula 1,T,, may be a monodentate ligand or
a bidentate ligand.

[0197] For example, L, in Formula 1 may be a ligand
represented by one Formulae 7-1 to 7-11, but embodiments
of the present disclosure are not limited thereto:

7-1

R7)571
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[0198] In Formulae 7-1 to 7-11,
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[0199] A,, and A, may each independently be a C5-C,,

carbocyclic group, or a C,-C,, heterocyclic group,

[0200] X, and X,, may each independently be C or N,
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[0201] X,; may be N or C(Q.;), X, may be N or C(Q,,),
X,5 may be N or C(Q5), X, may be N or C(Q,), and X,
may be N or C(Q,,),

[0202] X, may be O, S, or N(Q,,), and X,, may be O, S,
or N(Q7),

[0203] Y., and Y., may each independently be a single
bond, a double bond, a substituted or unsubstituted C,-C
alkvlene group, a substituted or unsubstituted C,-C, alk-
enylene group, or a substituted or unsubstituted C4-C,
arylene group,

[0204] Z,, and 7Z,, may each independently be N, O,
N(R.), P(R;5)(R76), or As(R;5)(Ry6),

[0205] 7.5 may be P or As,

[0206] Z,, may be C(—0) or CH,,

[0207] R, to Ry, and Q5 to Q, may each independently
be hydrogen, 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 unsubstituted C,-Cg, alkyl group, a substi-
tuted or unsubstituted C,-Cg, alkenyl group, a substituted or
unsubstituted C,-Cy, 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 C,-Cgy, aryl group, a substituted or unsubsti-
tuted C4-Cg,, 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, or a substituted
or unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group,

[0208] R,, and R,, may optionally be linked to form a
ring,

[0209] R, and R,; may optionally be linked to form a
ring,

[0210] R, and R, may optionally be linked to form a
ring,

[0211] R,, and Ry, may optionally be linked to form a
ring,

[0212] b71 and b72 may each independently be 1, 2, or 3,
and

[0213] * and * each indicate a binding site to a neighbor-
ing atom.

[0214] Forexample, A, and A, in Formulae 7-1, 7-9, and
7-11 may each independently be a benzene group, a naph-
thalene group, an imidazole group, a benzimidazole group,
a pyridine group, a pyrimidine group, a triazine group, a
quinoline group, or an isoquinoline group, but embodiments
of the present disclosure are not limited thereto.

[0215] For example, in Formulae 7-1, 7-9, and 7-11, X,
and X, may each independently be N, but embodiments of
the present disclosure are not limited thereto.

[0216] For example, in Formula 7-7, X,; may be C(Q,;),
X4 may be C(Q,4), X5 may be C(Q5), X6 may be C(Q;5).
and X, may be C(Q,,), but embodiments of the present
disclosure are not limited thereto.

[0217] For example, in Formula 7-8, X,4 may be N(Q,5)
and X,, may be N(Q,5), but embodiments of the present
disclosure are not limited thereto.
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[0218] For example, in Formulae 7-2, 7-3, and 7-8, Y,
and Y, may each independently be a substituted or unsub-
stituted methylene group, or a substituted or unsubstituted
phenylene group, but embodiments of the present disclosure
are not limited thereto.

[0219] For example, in Formulae 7-1 and 7-2, Z,, and 7.,
may each independently be O, but embodiments of the
present disclosure are not limited thereto.

[0220] For example, in Formula 7-4, Z., may be P, but
embodiments of the present disclosure are not limited
thereto.

[0221] For example, in Formulae 7-1 to 7-11, R, to Ry,
and Q5 to Q, may each independently be:

[0222] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, —SF,, a C,-C,, alkyl group, or a C,-C,, alkoxy
group;

[0223] a C,-C,, alkyl group, or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —I, —CD,, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof;
[0224] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, or any combination thereof;
[0225] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
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an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at least one
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine 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 cycloheptyl group, a cyclooctyl group, a an ada-
mantyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl 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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, an imidazopyrimidinyl group, —Si
QQ1)Q13), —B(Qu)(Qu2). —NQ1)(@Qy2), or any

combination thereof; or

[0226] —Si(Q,)X(Q)(Q;), —B(Q,)(Qy). or —N(Q)(Qy),
or
[0227] Q, to Q; and Q,; to Q,; may each independently
be:
[0228] a methyl group, an ethyl group, an n-propyl group,

an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,q alkylphenyl group, or a naphthyl group; or

[0229] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
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isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group. a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, or a naphthyl
group, each substituted with at least one deuterium, a phenyl
group, or any combination thereof, but embodiments of the
present disclosure are not limited thereto.

[0230] In Formula 1, L, may be a ligand represented by
one Formulae 5-1 to 5-116 and 8-1 to 8-23, but embodiments
of the present disclosure are not limited thereto:
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[0231] In Formulae 5-1 to 5-116 and 8-1 to 8-23,

[0232] R, to Rs; may each independently be:

[0233] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, —SF,, a C,-C,, alkyl group, or a C,-C,, alkoxy
group;

[0234] a C,-C,, alkyl group, or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —ClI,
—Br, —I, —CD,;, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbornyl group, a norborne-
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nyl group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof;
[0235] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl 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 dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group;

[0236] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxarzolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a dibenzosilolyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at least one
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine 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
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group, a cycloheptyl group, a cyclooctyl group, a an ada-
mantyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl 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 quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a dibenzosilolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, an imidazopyrimidinyl group, —Si
Q1DQ1Qy5). —BQQ2), —NQ Q). or any

combination thereof; or

[0237]  —SiQ(Q)Q5), —BQNQy). or —N(Q,)(Qy),
and
[0238] Q, to Q; and Q,; to Q,; may each independently
be:
[0239] a methyl group, an ethyl group, an n-propyl group,

an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-penty! group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, a biphenyl group,
a C,-C,, alkylphenyl group, or a naphthyl group; or
[0240] a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 2-methylbutyl group, a sec-pentyl group,
a tert-pentyl group, a neo-pentyl group, a 3-pentyl group, a
3-methyl-2-butyl group, a phenyl group, or a naphthyl
group, each substituted with at least one deuterium, a phenyl
group, or a combination thereof,

[0241] and b54 may each independently be 1 or 2,
[0242] b53 and b55 may each independently be 1, 2, or 3,
[0243] b52 may be 1, 2, 3, or 4,

[0244] Ph indicates a phenyl group,

[0245] Ph-d5 indicates a phenyl group in which all hydro-

gen atoms are substituted with deuterium, and

[0246] * and * each indicate a binding site to a neighbor-
ing atom.

[0247] In Formula I, nl1 may be 1, and n12 may be 0, 1,
or 2,

[0248] In one or more embodiments, in Formula 1, M,

may be Pt, n11 may be 1, and n12 may be 0, but embodi-
ments of the present disclosure are not limited thereto.
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[0249] 1In one or more embodiments, the organometallic
compound may be represented by Formulae 1-11 to 1-14,
but embodiments of the present disclosure are not limited
thereto:
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-continued

[0250] In Formulae 1-11 to 1-14,

[0251] M,, may be the same as defined in connection with
Formula 1,

[0252] Y,,.T,,,G; t0 G4, Ry to Ry5, and b17 may each

independently be the same as defined in connection with
Formula 1-1, and

[0253] E,,, and E|,, may each independently be the same
as defined in connection with E;, in Formula 1-1.

[0254] In one or more embodiments, the organometallic
compound may be represented by Formulae 1-21 to 1-24,
but embodiments of the present disclosure are not limited
thereto:

(Ri7p17

(Ri7s17
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-continued -continued
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[0255] In Formulae 1-21 to 1-24,

[0256] M,, may be the same as defined in connection with

Formula 1,

[0257] Y,,, T,,. Ry, to R, and b17 may each indepen- N ==
dently be the same as defined in connection with Formula / ‘\) \

1-1, and 7 N/

[0258] E,,, and E,,, may each independently be the same Pt

as defined in connection with E; in Formula 1-1. N
[0259] 1In one or more embodiments, the organometallic

compound may be compounds of Group I, but embodiments 0

of the present disclosure are not limited thereto:
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[0260] The organometallic compound represented by For-
mula 1 may have a maximum emission wavelength (experi-
mental value) of about 420 nm or more and about less than
520 nm, for example, in a range of about 450 nm to about
475 nm. In particular, when the maximum emission wave-
length is in a range of about 455 nm to about 465 nm, an
organic light-emitting device emitting deep blue color light
may be provided.

[0261] In the organometallic compound represented by
Formula 1, both the benzocarbene-A , part and the A ;-
carbazole part may participate in light emission. Specifi-
cally, the benzocarbene-A |, part participates in light emis-
sion as highest occupied natural transition orbital (HONTO),
and the Ai i-carbazole part participates in light emission as
lowest unoccupied natural transition orbital (LUNTO).
Therefore, a luminescent spectrum having high color purity
may be provided.

[0262] In the organometallic compound represented by
Formula 1, since E,, is selected as an alkyl group or the like,
the electron distribution of LUNTO is changed, and it is
possible to provide an organometallic compound having
improved light emission characteristics, for example, the
change in the maximum emission wavelength and/or the
width change in the emission wavelength. Therefore, the
organometallic compound represented by Formula 1 may
have high color purity and may have improved conversion
efficiency when applied to the resonant device.

[0263] In the organometallic compound represented by
Formula 1. Due to steric hindrance or electron effect of E,
E,, is selected as an alky! group, and thus, color coordinates
(in particular, y value in CIE color coordinates) are con-
stantly maintained and the FWHM is constantly maintained,
regardless of the concentration of the organometallic com-
pound. Therefore, it is possible to provide an organic light-
emitting device emitting deep blue light, regardless of the
concentration of the organometallic compound.

[0264] Since the organometallic compound represented by
Formula 1 includes benzocarbene, the organometallic com-
pound may emit deep blue light having a predetermined
wavelength. Since the organometallic compound including
carbene instead of benzocarbene emits blue light having a
shorter wavelength, luminescent efliciency in a desired
wavelength range may be significantly lowered. That is, the
organic light-emitting device including the organometallic
compound represented by Formula 1 may have improved
luminescent efficiency in a predetermined wavelength range.

[0265] In the organometallic compound represented by
Formula 1, G, to G|, may not be fluorescent light emitters.
Therefore, it is possible to prevent an increase in the change
in emission wavelength according to MADF fluorescence
expression (that is, a reduction in color purity according to
an increase in FWHM) and/or a reduction in conversion
efficiency of the resonant device.

[0266] In the organometallic compound represented by
Formula 1, R,; may be represented by *—C(Q,, (Q02)
(Q;05), and in this regard, electrons in luminophore may be
controlled, thereby improving the efficiency of the organic
light-emitting device including the organometallic com-
pound represented by Formula 1.

[0267] Forexample, HOMO, LUMO, and Ti energy levels
of some of Compounds were evaluated by using a B3LYP
density functional theory of Gaussian program (Pt was
structurally optimized at a level of Lanl.2DZ basis set, and
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another atom was structurally optimized at a level of B3LYP, TABLE 1-continued
6-31G(d,p)), and results thereof are shown in Table 1.
Compound No. HOMO (eV) LUMO (eV) T1 (&V)
TABLE 1
Compound No. HOMO (eV) LUMO (eV) Tl (eV) /
Compound 6 -4.68 -1.27 2.67
Compound X1 -4.75 -1.43 2.60
Compound X2 -4.58 -1.20 2.69
Compound X3 -4.75 -1.52 2.58
Compound X4 -4.66 -1.23 2.61
Compound X5 -4.44 -1.40 2.35
Compound X6 -4.69 -1.32 2.65
Compound X7 -4.67 -1.24 2.63
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[0268] From Table I, it is confirmed that Compounds
represented by Formula 1 are suitable for deep blue light
emission. On the other hand, Compound X2 is not suitable
for deep blue light emission since Compound X2 has high
T1, and Compounds X4, X5, and X6 are not suitable for
deep blue light emission since Compounds X4, X5, and X6
have low T1.

[0269] Synthesis methods of the organometallic com-
pound represented by Formula 1 may be understood by one
of ordinary skill in the art by referring to Synthesis
Fxamples provided below.

[0270] The organometallic compound represented by For-
mula 1 is suitable for use in an organic layer of an organic
light-emitting device, for example, for use as a dopant in an
emission layer of the organic layer. Thus, another aspect
provides an organic light-emitting device that includes: a
first electrode; a second electrode; and an organic layer that
is located between the first electrode and the second elec-
trode and includes an emission layer; and the organic layer
includes at least one organometallic compound represented
by Formula 1.

[0271] The organic light-emitting device may have, due to
the inclusion of an organic layer including the organome-
tallic compound represented by Formula 1, a low driving
voltage, high efficiency, high power, high quantum effi-
ciency, a long lifespan, a low roll-off ratio, and excellent
color purity.

[0272] The organometallic compound of Formula 1 may
be used between a pair of electrodes of an organic light-
emitting device. For example, the organometallic compound
represented by Formula 1 may be included in the emission
layer. In this regard, the organometallic compound may act
as a dopant, and the emission layer may further include a
host (that is, an amount of the organometallic compound
represented by Formula 1 is smaller than an amount of the
host). In this regard, the dopant may emit blue light.
[0273] The expression “(an organic layer) includes at least
one organometallic compound” used herein may include a
case in which “(an organic layer) includes identical com-
pounds represented by Formula 1”” and a case in which “(an
organic layer) includes two or more different organometallic
compounds represented by Formula 1.”

[0274] For example, the organic layer may include, as the
organomnietallic compound, only Compound 1. In this regard,
Compound 1 may exist in an emission layer of the organic
light-emitting device. In one or more embodiments, the
organic layer may include, as the organometallic compound,
Compound 1 and Compound 2. In this regard, Compound 1
and Compound 2 may exist in an identical layer (for
example, Compound 1 and Compound 2 all may exist in an
emission layer).

[0275] The first electrode may be an anode. which is a hole
injection electrode, and the second electrode may be a
cathode, which is an electron injection electrode; or the first
electrode may be a cathode, which is an electron injection
electrode, and the second electrode may be an anode, which
is a hole injection electrode.

[0276] In one or more embodiments, in the organic light-
emitting device, the first electrode is an anode, and the
second electrode is a cathode, and the organic layer further
includes a hole transport region between the first electrode
and the emission layer and an electron transport region
between the emission layer and the second electrode, and the
hole transport region includes at least one a hole injection
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layer, a hole transport layer, and an electron blocking layer,
and the electron transport region includes at least one a hole
blocking layer, an electron transport layer, and an electron
injection layer.

[0277] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers between the first
electrode and the second electrode of the organic light-
emitting device. The “organic layer” may include, in addi-
tion to an organic compound, an organometallic compound
including metal.

[0278] FIGURE is a schematic view of an organic light-
emitting device 10 according to an embodiment. Hereinaf-
ter, the structure of an organic light-emitting device accord-
ing to an embodiment and a method of manufacturing an
organic light-emitting device according to an embodiment
will be described in connection with the FIGURE. The
organic light-emitting device 10 includes a first electrode 11,
an organic layer 15, and a second electrode 19, which are
sequentially stacked.

[0279] A substrate may be additionally disposed under the
first electrode 11 or above the second electrode 19. For use
as the substrate, any substrate that is used in general organic
light-emitting devices may be used, and the substrate may be
a glass substrate or a transparent plastic substrate, each
having excellent mechanical strength, thermal stability,
transparency, surface smoothness, ease of handling, and
water resistance.

[0280] In one or more embodiments, the first electrode 11
may be formed by depositing or sputtering a material for
forming the first electrode 11 on the substrate. The first
electrode 11 may be an anode. The material for forming the
first electrode 11 may be a material with a high work
function to facilitate hole injection. The first electrode 11
may be a reflective electrode, a semi-transmissive electrode,
or a transmissive electrode. The material for forming the first
electrode 11 may be indium tin oxide (ITO), indium zinc
oxide (IZ0O), tin oxide (SnO,), or zinc oxide (ZnO). In one
or more embodiments, the material for forming the first
electrode 11 may be metal, such as magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—1In), or magnesium-silver (Mg—
Ag).

[0281] The first electrode 11 may have a single-layered
structure or a multi-layered 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 110 is not limited thereto.

[0282] The organic layer 15 is disposed on the first elec-
trode 11.
[0283] The organic layer 15 may include a hole transport

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

[0284] Thehole transport region may be disposed between
the first electrode 11 and the emission layer.

[0285] The hole transport region may include at least one
a hole injection layer, a hole transport layer, an electron
blocking layer, a buffer layer, or any combination thereof.

[0286] The hole transport region may include only either
ahole injection layer or a hole transport layer. In one or more
embodiments, the hole transport region may have a hole
injection layer/hole transport layer structure or a hole injec-
tion layer/hole transport layer/electron blocking layer struc-
ture, which are sequentially stacked in this stated order from
the first electrode 11.
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[0287] When the hole transport region includes a hole _continued
injection layer, the hole injection layer may be formed on the
first electrode 11 by using one or more suitable methods, for
example, vacuum deposition, spin coating, casting, and/or
Langmuir-Blodgett (LB) deposition.

[0288] When a hole injection layer is formed by vacuum
deposition, the deposition conditions may vary according to
a 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° C. to about 500° C., a
vacuum pressure of about 107 torr to about 10> torr, and a
deposition rate of about 0.01 A/sec to about 100 A/sec.
However, the deposition conditions are not limited thereto.

[0289] When the hole injection layer is formed using spin
coating, coating conditions may vary according to the mate-
rial used to form the hole injection layer, and the structure
and thermal properties of the hole injection layer. For
example, a coating speed may be from about 2,000 rpm to
about 5,000 rpm, and a temperature at which a heat treat-
ment 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.
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[0290] Conditions for forming a hole transport layer and
an electron blocking layer may be understood by referring to
conditions for forming the hole injection layer.

[0291] The hole transport region may include at least one

m-MTDATA, TDATA, 2-TNATA, NPB, -NPB, TPD,
Spiro-TPD, Spiro-NPB, methylated-NPB, TAPC, HMTPD,
4 4' 4"-tris(N-carbazolyDtriphenylamine (TCTA), polyani-
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line/dodecylbenzenesulfonic acid (PANI/DBSA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PE-
DOT/PSS), polyaniline/camphor sulfonic acid (PANI/CSA),
polyaniline/poly(4-styrenesulfonate) (PANI/PSS), a com-
pound represented by Formula 201 below, a compound C}

represented by Formula 202, or any combination thereof,
below:
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-continued

HMTPD
Formula 201

Riog

Ario1)xa R
109
\N/

(Ary2)e

Ry

Formula 202

ate

2 R

[0292] In Formula 201, Ar,,; and Ar,,, may each inde-
pendently be:

[0293] 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
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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, or a pentacenylene group; or

[0294] 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 deuterium, —F, —CI, —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,-Cg, alkenyl group, a
C,-Cg, alkynyl group, a C,-Cq4, alkoxy group, a C5-C,
cycloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkyl group, a C,-C,, heterocycloalkenyl group,
a Cg-Cqp aryl group, a Cg-Cqp aryloxy group, a Ce-Cep
arylthio group, a C,;-Cq, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, or a monovalent
non-aromatic condensed heteropolycyclic group.

[0295] In Formula 201, xa and xb may each independently
be an integer from 0 to 5, or may be 0, 1, or 2. For example,
xa may be 1, and xb may be 0, but embodiments of the
present disclosure are not limited thereto.

[0296] In Formulae 201 and 202, R, to Ryne Ry to
R,,5, and R},, to R,, may each independently be:

[0297] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a 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, pentyl group,
a hexyl group, or the like), or a C,-C,, alkoxy group (for
example, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, or the like);
[0298] a C,-C,, alkyl group, or a C,-C,, alkoxy group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —1I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof, or any combination thereof;

[0299] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group. or a pyrenyl group; or

[0300] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group, each substi-
tuted with at least one deuterium, —F, —Cl, —Br, —]I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a 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, or a C,-C, , alkoxy group, but
embodiments of the present disclosure are not limited
thereto.

[0301]

[0302] a phenyl group, a naphthyl group, an anthracenyl
group, or a pyridinyl group; and

In Formula 201, R, may be:
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[0303] a phenyl group, a naphthyl group, an anthracenyl
group, or a pyridinyl group, each substituted with at least
one deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a 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
naphthy! group, an anthracenyl group, a pyridinyl group, or
any combination thereof.

[0304] In one or more embodiments, the compound rep-
resented by Formula 201 may be represented by Formula
201A, but embodiments of the present disclosure are not
limited thereto:

Formula 201A
Rio1

\
N

[0305] Detailed descriptions about R,,,, Ry, Ry;», and
R,gs in Formula 201 A are already described above.

[0306] For example, the compound represented by For-
mula 201, and the compound represented by Formula 202
may include compounds HT1 to HT20 illustrated below, but
are not limited thereto:

HT1

agPs
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[0307] A thickness of the hole transport region may be in
a range of about 100 A to about 10,000 A, for example,
about 100 A to about 1,000 A. When the hole transport
region includes both a hole injection layer and a hole
transport layer, a thickness of the hole injection layer may be
in a range of about 100 A to about 10,000 A, for example,
about 100 A to about 1,000 A, and a thickness of the hole
transport layer may be in a range of about 50 A to about
2,000 A, for example about 100 A to about 1,500 A. When
the thicknesses of the hole transport region, the hole injec-
tion layer, and the hole transport layer are within these
ranges, satisfactory hole transporting characteristics may be
obtained without a substantial increase in driving voltage.

[0308] The hole transport region may further include, in
addition to these materials, a charge-generation material for
the improvement of conductive properties. The charge-
generation material may be homogeneously or non-homo-
geneously dispersed in the hole transport region.

70
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[0309] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one a quinone
derivative, a metal oxide, and a cyano group-containing
compound, but embodiments of the present disclosure are
not limited thereto. Non-limiting examples of the p-dopant
are a quinone derivative, such as tetracyanoquinonedimeth-
ane (TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoqui-
nonedimethane (F4-TCNQ); a metal oxide, such as a tung-
sten oxide or a molybdenum oxide; and a cyano group-
containing compound, such as Compound HT-D1 or
Compound HT-D2 below, but are not limited thereto:

HT-D1
CN
CN
Xy
N, N CN
/ A
Z
N N CN
N
CN A
CN
F4-TCNQ
F F
CN CN
CN CN
F F
HT-D2

[0310] The hole transport region may include a buffer
layer.
[0311] Also, the buffer layer may compensate for an

optical resonance distance according to a wavelength of
light emitted from the emission layer, and thus, efficiency of
a formed organic light-emitting device may be improved.

[0312] Then, an emission layer may be formed on the hole
transport region by vacuum deposition, spin coating, cast-
ing, LB deposition, or the like. When the emission layer is
formed by vacuum deposition or spin coating, the deposition
or coating conditions may be similar to those applied in
forming the hole injection layer although the deposition or
coating conditions may vary according to a compound that
is used to form the emission layer.
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[0313] Meanwhile, when the hole transport region _continued

includes an electron blocking layer, a material for the

electron blocking layer may be a material for the hole O Q
transport region described above or a material for a host to

be explained later. However, the material for the electron N O O N
blocking layer is not limited thereto. For example, when the

hole transport region includes an electron blocking layer, a Q O

material for the electron blocking layer may be mCP, which
will be explained later.

[0314] The emission layer may include a host and a CBP

dopant, and the dopant may include the organometallic
compound represented by Formula 1.

[0315] The host may include at least one of TPBi,
TBADN, ADN (also referred to as “DNA”), CBP, CDBP,

TCP, mCP, Compound H50, Compound H52, or any com- O Q
bination thereof:

N CDBP

N CJ

H O

O
Ly

TCP

AL
O W

<mCP>

=
N

<Compound H50>

Sasees 11
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<Compound H51>

?
Ly

[0316] In one or more embodiments, the host may further
include a compound represented by Formula 301:

O

Q

Formula 301

N\ (Ars);
/X

Arj (A )y (Aryy)g—Ar3

Y,
\ /\(Arus)j

[0317] Ar,,, and Ar,, in Formula 301 may each indepen-
dently be:

[0318] a phenylene group, a naphthylene group, a phenan-
threnylene group, or a pyrenylene group; or

[0319] a phenylene group, a naphthylene group, a phenan-
threnylene group, or a pyrenylene group, each substituted
with at least one a phenyl group, a naphthyl group, an
anthracenyl group, or any combination thereof.

[0320] In Formula 301, Ar,,; to Ar,,, may each indepen-
dently be:
[0321] a C,-C,, alkyl group, a phenyl group, a naphthyl

group, a phenanthrenyl group, or a pyrenyl group; or
[0322] a phenyl group, a naphthyl group, a phenanthrenyl
group, or a pyrenyl group, each substituted with at least one
a phenyl group, a naphthyl group, an anthracenyl group, or
any combination thereof.

[0323] The designations g, h, i, and j in Formula 301 may

each independently be an integer from 0 to 4, and for
example, may be 0, 1, or 2.

[0324] Ar, 5 to Ary,¢ in Formula 301 may each indepen-
dently be:
[0325] aC,-C,,alkyl group substituted with at least one of

a phenyl group, a naphthyl group, or an anthracenyl group;
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[0326] a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, or a fluo-
renyl group;

[0327] a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, or a fluo-
renyl group, each substituted with at least one deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-Cq, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg4, alkynyl group, a C,-C, alkoxy
group, a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, a fluorenyl
group, or any combination thereof; or

O’QQ

but embodiments of the present disclosure are not limited
thereto.

[0328] In one or more embodiments, the host may include
a compound represented by Formula 302 below:

Formula 302

[0329] Ar,,, to Ar,,s in Formula 302 are the same as
described in detail in connection with Ar,,; in Formula 301.
[0330] Ar,,, and Ar,,, in Formula 302 may each inde-
pendently be a C,-C,, alkyl group (for example, a methyl
group, an ethyl group, or a propyl group).

[0331] kand]in Formula 302 may each independently be
an integer from 0 to 4. For example, k and 1 may be 0, 1, or
2.

[0332] The compound represented by Formula 301 and the
compound represented by Formula 302 may include Com-
pounds H1 to H42 illustrated below, but are not limited
thereto:

H1
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H28
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H31
H32
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-continued
H42

)

H40

H4l

[0333] 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. In one or more embodi-
ments, due to a stacked structure including a red emission
layer, a green emission layer, and/or a blue emission layer,
the emission layer may emit white light.

[0334] When the emission layer includes a host and a
dopant, an amount of the dopant may be in a range of about
0.01 parts by weight to about 15 parts by weight based on
100 parts by weight of the host, but embodiments of the
present disclosure are not limited thereto.

[0335] The dopant may include at least one of organome-
tallic compounds represented by Formula 1.

[0336] A thickness of the emission layer may be in a range
of about 100 A to about 1,000 A, for example, 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.

[0337] Then, an electron transport region may be located
on the emission layer.

[0338] The electron transport region may include at least
one a hole blocking layer, an electron transport layer, and an
electron injection layer.

[0339] For example, the electron transport region may
have a hole blocking layer/electron transport layer/electron
injection layer structure or an electron transport layer/
electron injection layer structure, but the structure of the
electron transport region is not limited thereto. The electron
transport layer may have a single-layered structure or a
multi-layered structure including two or more different
materials.

[0340] Conditions for forming the hole blocking layer, the
electron transport layer, and the electron injection layer
which constitute the electron transport region may be under-
stood by referring to the conditions for forming the hole
injection layer.

[0341] When the electron transport region includes a hole
blocking layer, the hole blocking layer may include, for
example, at least one of BCP, Bphen, BAlq, or any combi-
nation thereof, but embodiments of the present disclosure
are not limited thereto:
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BCP

[0342] A thickness of the hole blocking layer may be in a
range of about 20 A to about 1,000 A, for example, about 30
A to about 300 A. When the thickness of the hole blocking
layer is within these ranges, the hole blocking layer may
have excellent hole blocking characteristics without a sub-
stantial increase in driving voltage.

[0343] The electron transport layer may further include at
least one BCP, Bphen, Alg,, BAlg, TAZ, NTAZ, or any
combination thereof:

l\N/
S X
Algs
x
=
N

BAlq
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NTAZ

[0344] In one or more embodiments, the electron transport

layer may include at least one of ET1 and ET25, but are not
limited thereto:

ET1
ET2
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[0345] A thickness of the electron transport layer may be
in an range of about 100 A to about 1,000 A, for example,
about 150 A to about 500 A. When the thickness of the
electron transport layer is within the range described above,
the electron transport layer may have satisfactory electron
transport characteristics without a substantial increase in
driving voltage.

[0346] Also, the electron transport layer may further
include, in addition to the materials described above, a
metal-containing material.

[0347] 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

ET-D2

[0348] The electron transport region may include an elec-
tron injection layer that promotes flow of electrons from the
second electrode 19 thereinto.

[0349] The electron injection layer may include at least
one LiF, NaCl, CsF, Li,O, BaO, or any combination thereof.
[0350] A thickness of the electron injection layer may be
in a range of about 1 A to about 100 A, for example, about
3 A to about 90 A. When the thickness of the electron
injection layer is within the range described above, the
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electron injection layer may have satisfactory electron injec-
tion characteristics without a substantial increase in driving
voltage.

[0351] 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 electrode 19 may be metal,
an alloy, an electrically conductive compound, or a combi-
nation thereof, which have a relatively low work function.
For example, lithium (Li), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), or magnesium-silver (Mg—Ag) may be
formed as the material for forming the second electrode 19.
To manufacture a top-emission type light-emitting device, a
transmissive electrode formed using ITO or IZO may be
used as the second electrode 19.

[0352] Hereinbefore, the organic light-emitting device has
been described with reference to the FIGURE, but embodi-
ments of the present disclosure are not limited thereto.

[0353] Another aspect of the present disclosure provides a
diagnostic composition including at least one organometal-
lic compound represented by Formula 1.

[0354] The organometallic compound represented by For-
mula 1 provides high luminescence efficiency. Accordingly,
a diagnostic composition including the organometallic com-
pound may have high diagnostic efliciency.

[0355] The diagnostic composition may be used in various
applications including a diagnosis kit, a diagnosis reagent, a
biosensor, and a biomarker.

[0356] The term “t-Bu” or “tBu” as used herein indicates
a tert-butyl group.

[0357] The term “first-row transition metal of the Periodic
Table of Elements” as used herein refers to a fourth-row
element of the Periodic Table of Elements that is included in
d-block. Specific examples include scandium (Sc), titanium
(T1), vanadium (V), chromium (Cr), manganese (Mn), iron
(Fe), cobalt (Co), nickel (Ni), copper (Cu), and zinc (Zn).
[0358] The term “second-row transition metal of the Peri-
odic Table of Elements™ as used herein refers 1o a fifth-row
element of the Periodic Table of Elements that is included in
d-block. Specific examples include yttrium (Y), zirconium
(Zr), niobium (Nb), molybdenum (Mo), technetium (Tc),
ruthenium (Ru), rhodium (Rh), palladium (Pd), silver (Ag),
and cadmium (Cd).

[0359] The term “third-row transition metal of the Peri-
odic Table of Elements” as used herein refers to a sixth-row
element of the Periodic Table of Elements that is included in
d-block and f-block. Specific examples include lanthanum
(La), samarium (Sm), europium (Eu), terbium (Tb), thulium
(Tm), ytterbium (Y'b), lutetium (Lu), hafnium (Hf), tantalum
(Ta), tungsten (W), rhenium (Re), osmium (Os), iridium (Ir),
platinum (Pr), gold (Au), and mercury (Hg).

[0360] The term “C,-Cg, alkyl group” as used herein
refers to a linear or branched aliphatic saturated hydrocarbon
monovalent group having 1 to 60 carbon atoms, and
examples thereof include a methyl group, an ethyl group, a
propyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, a pentyl group, an isoamyl group, and a hexyl
group. The term “C,-C,, alkylene group” as used herein
refers to a divalent group having the same structure as the
C,-Cy, alkyl group.

[0361] The term “C,-C,, alkoxy group” used herein refers
to a monovalent group represented by —OA ,, (wherein
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A,y 1s the C,-Cq, alkyl group), and examples thereof
include a methoxy group, an ethoxy group, and an isopro-

pyloxy group.

[0362] The term “C,-Cg4, alkenyl group” as used herein
refers to a hydrocarbon group formed by substituting at least
one carbon-carbon double bond in the middle or at the
terminus of the C,-Cg, alkyl group, and examples thereof
include an ethenyl group, a propenyl group, and a butenyl
group. The term “C,-Cg, alkenylene group” as used herein
refers to a divalent group having the same structure as the
C,-Cyg, alkenyl group.

[0363] The term “C,-Cg4, alkynyl group” as used herein
refers to a hydrocarbon group having at least one carbon-
carbon triple bond in the middle or at the terminus of the
C,-Cgoalkyl group, and examples thereof include an ethynyl
group, and a propynyl group. The term “C,-C,, alkynylene
group” as used herein refers to a divalent group having the
same structure as the C,-C, alkynyl group.

[0364] The term “C;-C,, cycloalkyl group” as used herein
refers to a monovalent saturated hydrocarbon monocyclic
group having 3 to 10 carbon atoms, and non-limiting
examples thereof include a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, and a
cycloheptyl group. The term “C,-C,, cycloalkylene group”
as used herein refers to a divalent group having the same
structure as the C;-C,, cycloalkyl group.

[0365] The term “C,-C,, heterocycloalkyl group™ as used
herein refers to a monovalent saturated monocyclic group
having at least one N, O, P, Se, B, Ge, Si, S, or any
combination thereof, as a ring-forming atom and 1 to 10
carbon atoms, and non-limiting examples thereof include a
tetrahydrofuranyl group, and a tetrahydrothiophenyl group.
The term “C,-C,, heterocycloalkylene group” as used
herein refers to a divalent group having the same structure
as the C,-C,, heterocycloalkyl group.

[0366] The term “C,-C,, cycloalkenyl group” as used
herein refers to a monovalent monocyclic group that has 3
to 10 carbon atoms and at least one carbon-carbon double
bond in the ring thereof and no aromaticity, and non-limiting
examples thereof include a cyclopentenyl group, a cyclo-
hexenyl group, and a cycloheptenyl group. The term “C;-
C,, cycloalkenylene group” as used herein refers to a
divalent group having the same structure as the C;-C,
cycloalkenyl group.

[0367] The term “C,-C,, heterocycloalkenyl group™ as
used herein refers to a monovalent monocyclic group that
has at least one N, O, P, Si, Se, B, Ge, S, or any combination
thereof as a ring-forming atom, 1 to 10 carbon atoms, and at
least one carbon-carbon double bond in its ring. Examples of
the C,-C, , heterocycloalkenyl group are a 2,3-dihydrofura-
nyl group, and a 2,3-dihydrothiophenyl group. The term
“C,-C,, heterocycloalkenylene group™ as used herein refers
to a divalent group having the same structure as the C,-C,
heterocycloalkenyl group.

[0368] The term “C4-Cg, aryl group” as used herein refers
to amonovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and the term “C,-Cg, arylene
group” as used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms.
Non-limiting examples of the C4-Cg, aryl group include a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthrenyl group, a pyrenyl group, and a chrysenyl
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group. When the C4-Cy, aryl group and the C4-Cy, arylene
group each include two or more rings, the rings may be fused
to each other.

[0369] The term “C,-C,, heteroaryl group” as used herein
refers to a monovalent group having a heterocyclic aromatic
system that has at least one N, O, P, Si, Se, B, Ge, S, or any
combination thereof as a ring-forming atom, and 1 to 60
carbon atoms. The term “C,-C,, heteroarylene group” as
used herein refers to a divalent group having a heterocyclic
aromatic system that has at least one heteroatom N, O, P, Si,
Se, B, Ge, S, or any combination thereof as a ring-forming
atom, and 1 to 60 carbon atoms. Non-limiting examples of
the C,-Cy, heteroaryl group include a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, and an isoquinolinyl
group. When the C,-C, heteroaryl group and the C,-Cq,
heteroarylene group each include two or more rings, the
rings may be fused to each other.

[0370] The term “C4-Cg, aryloxy group” as used herein
indicates —OA, ,, (Wherein A |, is the C,-C, aryl group),
and a C¢-Cy arylthio group used herein indicates —SA |5
(wherein A, is the C,-Cy, aryl group).

[0371] The term “C,-Cg, alkylaryl group” as used herein
indicates -A,A, s (Wherein A, ., is the C,-Cs, arylene
group, and A,,, is the C;-Cs, alkyl group), and a C,-Cq,
alkylheteroaryl group used herein indicates -A, A,
(wherein A 5 is the C,-Cs, heteroarylene group, and A, is
the C,-Cy, alkyl group).

[0372] The term “C,-Cq, arylalkyl group” as used herein
indicates -ApgA ge (Wherein A, is the C,-Cs, alkylene
group, and A, is the C4-Cso aryl group), and a C,-Cy,
heteroarylalkyl group used herein indicates -A; ;A
(wherein A |, is the C-C,, alkylene group, and A, | is the
C,-Cs, heteroaryl group).

[0373] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group (for example, having 8 to 60 carbon atoms) having
two or more rings condensed to each other, only carbon
atoms as ring-forming atoms, and no aromaticity in its entire
molecular structure. Examples of the monovalent non-aro-
matic condensed polycyclic group include a fluorenyl group.
The term “divalent non-aromatic condensed polycyclic
group” as used herein refers to a divalent group having the
same structure as the monovalent non-aromatic condensed
polycyclic group.

[0374] The term “monovalent non-aromatic condensed
heteropolycyclic group™ as used herein refers to a monova-
lent group (for example, having 2 to 60 carbon atoms)
having two or more rings condensed to each other, a
heteroatom N, O, P, Si, Se, B, Ge, S, or any combination
thereof, other than carbon atoms, as a ring-forming atom,
and no aromaticity in its entire molecular structure. Non-
limiting examples of the monovalent non-aromatic con-
densed heteropolycyclic group include a carbazolyl group.
The term “divalent non-aromatic condensed heteropolycy-
clic group” as used herein refers to a divalent group having
the same structure as the monovalent non-aromatic con-
densed heteropolycyclic group.

[0375] The term “Cs-C,, carbocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
having, as a ring-forming atom, 5 to 30 carbon atoms only.
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The term “C;-C,, carbocyclic group” as used herein refers
to a monocyclic group or a polycyclic group. and, according
to its chemical structure, a monovalent, divalent, trivalent,
tetravalent, pentavalent, or hexavalent group.

[0376] The term “C,-C,, heterocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
having, as a ring-forming atom, at least one heteroatom N,
O, Si, P, and S other than 1 to 30 carbon atoms. The term
“C,-C;, heterocyclic group” as used herein refers to a
monocyclic group or a polycyclic group, and, according to
its chemical structure, a monovalent, divalent, trivalent,
tetravalent, pentavalent, or hexavalent group.

[0377] In the present specification, at least one substituent
of the substituted C;-C,,, carbocyclic group, the substituted
C,-C5y heterocyclic group, the substituted C,-Cg, alkyl
group, the substituted C,-Cy, alkeny! group, the substituted
C,-Cg, alkynyl group, the substituted C,-C, alkoxy group,
the substituted C;-C,, cycloalkyl group, the substituted
C,-C,, heterocycloalkyl group, the substituted C;-C,,
cycloalkenyl group, the substituted C,-C,, heterocycloalk-
enyl group, the substituted C4-C ., aryl group, the substituted
C,-Cg, alkylaryl group, the substituted C,-Cg, arylalkyl
group, the substituted C-Cg, aryloxy group, the substituted
Cs-Cg arylthio group, the substituted C,-Cg, heteroaryl
group, the substituted C,-C,, alkylheteroaryl group, the
substituted C,-Cg, heteroarylalkyl group, the substituted
monovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed het-
eropolycyclic group may be:

[0378] deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF,, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cg,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C;-Cq, alkoxy group, or any combination thereof;
[0379] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cy, alkynyl group, a C,-Cg, alkoxy group, or any com-
bination thereof, each substituted with at least one deute-
rium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
a nitro 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-Cqy, aryl group, a
C,-Cg alkylaryl group, a C,-Cg, arylalkyl group, a C4-Cy,
aryloxy group, a C4-C,,, arylthio group, a C,-C, heteroaryl
group, a C,-Cy, alkylheteroaryl group, a C,-Cg, heteroary-
lalkyl group, a monovalent non-aromatic condensed poly-
cyclic group, a monovalent non-aromatic condensed het-
eropolycyclic group, —N(Q,)(Q,5), —S1(Q;3)(Q14)(Q;5);

—B(Q,)(Q;7), —P(=0)(Q,)(Q,p), or any combination
thereof;

[0380] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C, het-
erocycloalkenyl group, a C,-Cg, aryl group, a C,-Cg, alky-
laryl group, a C,-C, arylalkyl group, a C4-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-C, heteroaryl group, a
C,-Cq alkylheteroaryl group, a C,-C¢, heteroarylalkyl
group, a C,-Cg, heteroaryloxy group, a C,-C, heteroaryl-
thio group, a monovalent non-aromatic condensed polycy-
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clic group, a monovalent non-aromatic condensed heteropo-
lycyclic group, or any combination thereof;

[0381] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-Cg,
alkylaryl group, a C,-C, arylalkyl group, a C,-Cg, aryloxy
group, a C¢-Cy, arylthio group, a C,-Cy, heteroaryl group, a
C,-Cg, alkylheteroaryl group, a C,-Cg, heteroarylalkyl
group, a C,-Cg, heteroaryloxy group, a C,-C, heteroaryl-
thio group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed het-
eropolycyclic group, a monovalent non-aromatic condensed
heteropolycyclic group, or any combination thereof, each
substituted with at least one deuterium, —F, —CI1, —Br, —]I,
—CDb,, —CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-Cq, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C, -C, 4 heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Ceo aryl group, a C,-Cg, alkylaryl group, a C,-Cq
arylalkyl group, a C4-Cg, aryloxy group, a C4-Cy, arylthio
group, a C,-C, heteroaryl group, a C,-C,, alkylheteroaryl
group, a C,-Cg, heteroarylalkyl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-

aromatic condensed heteropolycyclic group, —N(Q,,)
(sz)s _Si(st)(Qm)(st)s _B(Q26)(Q27)s _P(:O)(st)
(Q4p), or any combination thereof, or

[0382] —N(Q3)(Qs2), —Si(Q33)(Q34)(Qs5). —B(Qs0)

(Q57), —P(=0)(Q;,)(Q;,), or any combination thereof; and

[0383] Q, to Qp, Qi 10 Qyy, Qyy 10 Qu, and Q5 t0 Qs
may each independently be hydrogen, deuterium, —F, —Cl,

—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-Cy, alkyl group, a C,-Cq,
alkenyl group, a C,-Cq, alkynyl group, a C,-Cq4, alkoxy
group, a C,-C, , cycloalkyl group, a C,-C, , heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-C,, aryl group, a C4-Cy, aryl group
substituted with at least one a C,-Cg, alkyl group, and a
Cs-Cqo aryl group, a C,-C, alkylaryl group, a C,-Cy,
arylalkyl group, a C4-Cg, aryloxy group, a Cy-Cy, arylthio
group, a C,-C, heteroaryl group, a C,-Cy, alkylheteroaryl
group, a C,-Cy, heteroarylalkyl group, a C,-C, heteroary-
loxy group, a C,-Cq, heteroarylthio group, a monovalent
non-aromatic condensed polycyclic group, or a monovalent
non-aromatic condensed heteropolycyclic group.

[0384] Hereinafter, a compound and an organic light-
emitting device according to embodiments are described in
detail with reference to Synthesis Example and Examples.
However, the organic light-emitting device is not limited
thereto. The wording ““B’ was used instead of ‘A’ used in
describing Synthesis Examples means that a molar equiva-
lent of ‘A’ was identical to a molar equivalent of ‘B’.
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EXAMPLES

Synthesis Example 1: Synthesis of Compound 6
[0385]

BnBr (2.2 eq),
DMF (0 3M)

150C.,18h

Pt(COD)Cl,
(1.1 eq),
NaOAc (3.0 eq)

PhCN
(0.02M),
200C., 1 day

533
G GoE

8(1)

é%

(1) Synthesis of Intermediate 6(1)

[0386] 2-(3-(1H-benzo[d]imidazol-1-yl)phenoxy)-9-(4-
(tert-butyl)pyridin-2-y1)-9H-carbazole (1.0 eq) and benzyl
bromide (2.2 eq) were added to DMF (0.3 M), and the mixed
solution was heated and stirred at a temperature of 150° C.
for 18 hours. When the reaction was completed, the solvent
was removed therefrom by using a rotavapor, and then, the
resulting product was purified by flash column chromatog-
raphy using acetone and methylene chloride, thereby obtain-
ing Intermediate 6(1).

(2) Synthesis of Compound 6

[0387] 3-benzyl-1-(3-((9-(4-(tert-butyl)pyridin-2-y1)-9H-
carbazol-2-yl)oxy)phenyl)-1H-benzo[d]imidazol-3-ium
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bromide (1.0 eq), bis(benzonitrile)dichloroplatinum (IT) (1.1
eq), and sodium acetate (3.0 eq) were added to benzonitrile
(0.02 M), and the mixed solution was heated and stirred at
a temperature of 200° C. for 1 day. When the reaction was
completed, the reaction solution was cooled to room tem-
perature, and benzonitrile was removed therefrom by using
vacuum distillation to obtain a solid. The obtained solid was
dissolved by using 100 ml of methylene chloride and
removed through a celite filter, and a filtered solution was
concentrated and purified by flash column chromatography
using methylene chloride and hexane, thereby obtaining
Compound 6 (0.80 g) was identified by LC-MS.

[0388] C,,H,,N,OPt: M+792.2122.

Evaluation Example 1: Evaluation of Maximum
Emission Wavelength (PL Max)

[0389] Compound 6 was diluted in toluene at a concen-
tration of 1 mg/10 ml, and a photoluminescence (PL)
spectrum was measured at room temperature by using ISC
PC1 Spectrofluorometer equipped with a xenon lamp. The
same experiment was repeated with respect to Compounds
X1 and X6 to X8. In addition, Compound X2 was diluted in
methylene chloride at a concentration of 1 mg/10 ml, and PL
spectra were measured at room temperature in the same
manner. Results thereof are shown in Table 1.

TABLE 2
Compound
No. PL max (nm)
Compound 6 457
X1 465
X2 446
X6 457
X7 460
X8 456
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TABLE 2-continued

C ompound

PL max (nm)
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[0390] From Table 2, it is confirmed that Compound 6
emits deeper blue color light than Compound X2.

Evaluation Example 2: Evaluation of PLQY

[0391] CBP and Compound 6 were co-deposited at a
weight ratio of 90:10 under a vacuum pressure of 1077 torr
to form a film having a thickness of 50 nm.

[0392] The PQYL of the film was evaluated with respect
to an excitation wavelength of 270 nm by using a Hama-
matsu Photonics absolute PL quantum yield measurement
system including a xenon light source, a monochromator, a
photonic multichannel analyzer, and an integrating sphere
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and employing a PLQY measurement software (Hamamatsu
Photonics, Ltd, Shizuoka, Japan), and results thereof are
shown in Table 3. Here, the results are described as relative
values based on the value of Compound 6.

TABLE 3
Compound No. PLQY (%)
Compound 6 100
Compound X1 82.4
Compound X6 69.1
Compound X7 53.76
Compound X8 50.9

[0393] From Table 3, it was confirmed that Compound 6
has a high PLQY value, as compared with that of Com-
pounds X1 and X6 to X8.
[0394] Since the organometallic compound emits light
having a relatively small full width at half maximum
(FWHM), has a relatively small change in emission wave-
length according to concentration, and has relatively high
thermal stability, an organic light-emitting device including
the organometallic compound may have improved driving
voltage, external quantum efficiency, roll-off ratio, and color
purity. In addition, since the organometallic compound has
excellent phosphorescence characteristics, a diagnostic
composition having high diagnostic efliciency may be pro-
vided by using the organometallic compound.
[0395] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.
[0396] While one or more embodiments have been
described with reference to the FIGURES, it will be undet-
stood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope as defined by the
following claims.

What is claimed is:

1. An organometallic compound represented by Formula
1:

Formula 1

MpLiDan@iz

Formula 1-1

(Erdan

(Ri7)b17
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wherein, in Formulae 1 and 1-1,

M, is a first-row transition metal, a second-row transition
metal, or a third-row transition metal, of the Periodic
Table of Elements,

*1 to *4 each indicate a binding site to M,

L,, is a ligand represented by Formula 1-1,

L, is a monodentate ligand or a bidentate ligand,

nll is 1,

nl2is 0, 1, or 2,

X,; and X5 to X, are each independently C,

X, and X4 are each independently N,

X,and X ,, X;and X ,, X, and X 5, and X, and X
are each independently linked to each other via a
chemical bond,

Y, 1s N(Rjg), O, or S,

A, is a N-containing C,-Cq, heterocyclic group,

A, 15 a C5-Cg, carbocyclic group, or a C,-Cg, heterocy-
clic group,

Ty; is C(Ry0)(Rao), Si(R;0)(Rap). O, S, or N(R ),

E,, is a substituted or unsubstituted C,-C,, alkyl 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 substituted or unsubstituted C,-C, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
CsCqo aryl group, a substituted or unsubstituted
C,-Cq alkylaryl group, a substituted or unsubstituted
C,-C,, arylalkyl group, a substituted or unsubstituted
C-Cqo aryloxy group, a substituted or unsubstituted
C-Cqo arylthio group, a substituted or unsubstituted
C,-C¢o heteroaryl group, a substituted or unsubstituted
C,-C¢, alkylheteroaryl group, a substituted or unsub-
stituted C,-Cy, heteroarylalkyl group, a substituted or
unsubstituted C,-Cg, heteroaryloxy group, a substi-
tuted or unsubstituted C,-Cg, heteroarylthio group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, or a substituted or unsub-
stituted monovalent non-aromatic condensed heteropo-
lycyclic group,

G, to G,, are each independently hydrogen, deuterium,
—F, —Cl, —Br, or —1,

R, g is a group represented by *—C(Q,0,)(Q02)(Qy0);

R,; to Ry, and Qy; to Q,,; are each independently
hydrogen, deuterium, —F, —ClI, —Br, —I, —SF;, a
hydroxyl group, a nitro group, an amidino group, a
hydrazino group, a hydrazono group, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-Cg, alkoxy group, a substituted or
unsubstituted C5-C, 4 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 C4-Cy, aryl group,
a substituted or unsubstituted C,-C,,, alkylaryl group, a
substituted or unsubstituted C,-C, arylalkyl group, a
substituted or unsubstituted Cg-Cy,, aryloxy group, a
substituted or unsubstituted C,-Cq, arylthio group, a
substituted or unsubstituted C,-C,,, heteroaryl group, a
substituted or unsubstituted C,-Cg, alkylheteroaryl
group, a substituted or unsubstituted C,-C, heteroary-
lalkyl group, a substituted or unsubstituted C,-Cq,
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heteroaryloxy group, a substituted or unsubstituted
C,-Cg heteroarylthio group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed polycyclic
group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)
(Qx)(Qs), —BQ)(Q,), —NQ)Q,), —PQ Q)
—CE0Q). —SEO0Q),  —SE0LQ.
—P(=0)QQy), or —P=S)Q(Qy),

at least one Q,, to Q5 is a substituted or unsubstituted
C;-C, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C,-C, aryl group, a substi-
tuted or unsubstituted C,-Cg, alkylaryl group, a sub-
stituted or unsubstituted C,-Cq, arylalkyl group, a
substituted or unsubstituted C,-Cq,, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-C, heteroaryl group, a
substituted or unsubstituted C,-Cq, alkylheteroaryl
group, a substituted or unsubstituted C,-Cg, heteroary-
lalkyl group, a substituted or unsubstituted C,-Cq,
heteroaryloxy group, a substituted or unsubstituted
C,-C¢ heteroarylthio group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed polycyclic
group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group,

R, and R,, are each independently hydrogen, deuterium,
—F, —Cl, —Br, —1, —SFj, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a substituted or unsubsti-
tuted C,-Cq, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted
C,-Cgo 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 substituted or unsub-
stituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C,-Cg, aryl group, a substi-
tuted or unsubstituted C,-Cg, alkylaryl group, a sub-
stituted or unsubstituted C.-C, arylalkyl group, a
substituted or unsubstituted C,-Cq,, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-C, heteroaryl group, a
substituted or unsubstituted C,-Cq, alkylheteroaryl
group, a substituted or unsubstituted C,-Cg, heteroary-
lalkyl group, a substituted or unsubstituted C,-Cg,
heteroaryloxy group, a substituted or unsubstituted
C,-Cg, heteroarylthio group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed polycyclic
group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, —Si(Q,)
(Q(Qs), —BQQ,). —N(Q)Q.) —P(Q)Q,:
—CEOQ),  —SEONQ),  —SE0)LQ;
—P(=O)QIQ), or —P(=S)QIQy),

two neighboring groups among R, to R,, are optionally
linked to each other to form a substituted or unsubsti-
tuted C,-C;, carbocyclic group or a substituted or
unsubstituted C,-C,, heterocyclic group,

all and b17 are each independently 1,2, 3,4, 5, 6, 7, or
8, and

Q, to Q, are each independently hydrogen, deuterium,
—F, —Cl,—Br, —1I, a hydroxyl group, a cyano group,
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a nitro group, an amidino group, a hydrazino group, a
hydrazono group, a C,-Cy, alkyl group, a C,-C, alk-
enyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a Cy4Cgy, aryl group, a
C,-Cqo alkylaryl group, a C,-C, arylalkyl group, a
Ce-Cqo aryloxy group, a Cg-Cgy, arylthio group, a
C,-C¢ heteroaryl group, a C,-Cy, alkylheteroaryl
group, a C,-Cg, heteroarylalkyl group, a C,-Cg, het-
eroaryloxy group, a C,-Cg, heteroarylthio group, a
monovalent non-aromatic condensed polycyclic group,
a monovalent non-aromatic condensed heteropolycy-
clic group, a C,-Cg, alkyl group substituted with at
least one deuterium, —F, a cyano group, a C,-C,, alkyl
group, a C4-Cy, aryl group, or any combination thereof,
or a C4-Cyg, aryl group substituted with at least one
deuterium, —F, a cyano group, a C,-Cg, alkyl group, a
Cs-Cqo aryl group, or any combination thereof, and

* indicates a binding site to a neighboring atom.

2. The organometallic compound of claim 1, wherein M,

is Pt or Pd.

3. The organometallic compound of claim 1, wherein

A, is: afirst ring; a condensed ring in which two or more
first rings are condensed with each other; or a con-
densed ring in which one or more first rings are
condensed with one or more second rings,

the first ring is a pyrrole group, a pyrrolidine group, an
imidazolidine group, a dihydropyrrole group, a dihy-
droimidazole group, an oxazole group, an isoxazole
group, an oxadiazole group, an oxatriazole group, a
thiazole group, an isothiazole group, a thiadiazole
group, a thiatriazole group, a pyrazole group, an imi-
dazole group, a triazole group, a tetrazole group, a
pyridine group, a piperidine group, a tetrahydropyri-
dine group, a dihydropyridine group, a pyrimidine
group, a hexahydropyrimidine group, a tetrahydropy-
rimidine group, a dihydropyrimidine group, a pyrazine
group, a piperazine group, a tetrahydropyrazine group,
a dihydropyrazine group, a pyridazine group, a tetra-
hydropyridazine group, a dihydropyridazine group, or a
triazine group, and

the second ring is a cyclopentane group, a cyclopentene
group, a cyclopentadiene group, a furan group, a thio-
phene group, a silole group, a cyclohexane group, a
cyclohexene group, a cyclohexadiene group, a benzene
group, an adamantane group, a norbornane group, or a
norbornene group.

4. The organometallic compound of claim 1, wherein

A, is a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, or a
quinazoline group.

5. The organometallic compound of claim 1, wherein

a moiety represented by

(E1nan

,,,,,,

&t
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wherein, in Formulae 2-1 to 2-5,
*3 indicates a binding site to M, ;,
* indicates a binding site to a neighboring atom, and

E,, and all are each independently the same as defined in
connection with Formula 1-1 of claim 1.

6. The organometallic compound of claim 1, wherein

A, is: a first ring; a second ring; a condensed ring in
which two or more first rings are condensed with each
other; a condensed ring in which one or more first rings
are condensed with one or more second rings; or two or
more second rings are condensed with each other,

the first ring is a pyrrole group, a pyrrolidine group, an
imidazolidine group, a dihydropyrrole group, a dihy-
droimidazole group, an oxazole group, an isoxazole
group, an oxadiazole group, an oxatriazole group, a
thiazole group, an isothiazole group, a thiadiazole
group, a thiatriazole group, a pyrazole group, an imi-
dazole group, a triazole group, a tetrazole group, a
pyridine group, a piperidine group, a tetrahydropyri-
dine group, a dihydropyridine group, a pyrimidine
group, a hexahydropyrimidine group, a tetrahydropy-
rimidine group, a dihydropyrimidine group, a pyrazine
group, a piperazine group, a tetrahydropyrazine group,
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a dihydropyrazine group, a pyridazine group, a tetra-
hydropyridazine group, a dihydropyridazine group, or a
triazine group, and

the second ring is a cyclopentane group, a cyclopentene
group, a cyclopentadiene group, a furan group, a thio-
phene group, a silole group, a cyclohexane group, a
cyclohexene group, a cyclohexadiene group, a benzene
group, an adamantane group, a norbornane group, or a
norbornene group.

7. The organometallic compound of claim 1, wherein

A, is a benzene group, a naphthalene group, an indene
group, a fluorene group, a benzofuran group, a diben-
zofuran group, a benzothiophene group, a dibenzoth-
iophene group, a benzosilole group, or a dibenzosilole
group.

8. The organometallic compound of claim 1, wherein

a moiety represented by

.......

Rinar

is represented by Formula 3-1:

31

®!

R17)b17

wherein, in Formula 3-1,

*1 indicates a binding site to M,

* and *" each indicate a binding site to a neighboring
atom, and

R,, and b17 are each independently the same as defined
in connection with Formula 1-1 of claim 1.

9. The organometallic compound of claim 1, wherein

E, is:

a C,-C,, alkyl group, or a C,-C,, alkoxy group;

a C,-C,q alkyl group, or a C,-C,, alkoxy group, each
substituted with at least one deuterium, —F, —Cl,
—Br, —I,—CD,, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxvl 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 cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a an adamantyl
group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cyclo-
heptenyl group, a phenyl group, a biphenyl group, a
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naphthyl group, a pyridinyl group, a pyrimidinyl group,
or any combination thereof;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, or an imidazopyrimidinyl group;
or

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, a an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a bipheny! group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imi-
dazopyridinyl group, or an imidazopyrimidinyl group,
each substituted with at least one deuterium, —F, —Cl,
—Br, —I,—CD,, —CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbomyl group, a
norbornenyl group, a cyclopentenyl group, a cyclohex-
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enyl group, a cycloheptenyl group, a phenyl group, a
biphenyl group, a C,-C,, alkylphenyl group, a naphthyl
group, a fluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl 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 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a
phenanthrolinyl group, a benzimidazolyl 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
group, a dibenzocarbazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, or any combina-
tion thereof.

10. The organometallic compound of claim 1, wherein

E, is:

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a 2-methylbutyl group, a sec-pentyl
group, a tert-pentyl group, a neo-pentyl group, a 3-pen-
tyl group, a 3-methyl-2-butyl group, an n-hexyl group,
an isohexyl group, a sec-hexyl group, a tert-hexyl
group, an n-heptyl group, an isoheptyl group, a sec-
heptyl group, a tert-heptyl group, an n-octyl group, an
isooctyl group, a sec-octyl group, a tert-octyl group, an
n-nonyl group, an isononyl group, a sec-nonyl group, a
tert-nonyl group, an n-decyl group, an isodecyl group,
a sec-decyl group, a tert-decyl group, a methoxy group,
an ethoxy group, a propoxy group, a butoxy group, or
a pentoxy group;

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a 2-methylbutyl group, a sec-pentyl
group, a tert-pentyl group, a neo-pentyl group, a 3-pen-
tyl group, a 3-methyl-2-butyl group, an n-hexyl group,
an isohexyl group, a sec-hexyl group, a tert-hexyl
group, an n-heptyl group, an isoheptyl group, a sec-
heptyl group, a tert-heptyl group, an n-octyl group, an
isooctyl group, a sec-octyl group, a tert-octyl group, an
n-nonyl group, an isononyl group, a sec-nonyl group, a
tert-nonyl group, an n-decyl group, an isodecyl group,
a sec-decyl group, a tert-decyl group, a methoxy group,
an ethoxy group, a propoxy group, a butoxy group, or
a pentoxy group, each substituted with at least one
deuterium, —F, —CI, —Br, —I, —CD;, —CD,H,
—CDH,, —CF,;, —CF,H, —CFH,, a cyano group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a pyridinyl group, a pyrim-
idinyl group, or any combination thereof;

a phenyl group, a biphenyl group, a C,-C,, alkylphenyl

group, a naphthyl group, a pyridinyl group, a pyrim-
idinyl group, a pyridazinyl group, or a triazinyl group;
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a phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a pyridinyl group, a pyrim-
idinyl group, a pyridazinyl group, or a triazinyl group,
each substituted with at least one deuterium, —F, —Cl,
—Br,—1,—CD,,—CD,H, —CDH,, —CF,, —CF,H,
—CFH,, a cyano group, a phenyl group, a biphenyl
group, a C,-C,, alkylphenyl group, a naphthyl group, a
pyridinyl group, a pyrimidinyl group, a pyridazinyl
group, a triazinyl group, or any combination thereof.

11. The organometallic compound of claim 1, wherein

G, to G, are each independently hydrogen or deuterium.

12. The organometallic compound of claim 1, wherein

R,, to R, are each independently:

hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
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, —SF,, a C,-C,, alkyl group, or a C,-C,,
alkoxy group;

a C,-C,, alkyl group, or a C,-C,, alkoxy group, each
substituted with at least one deuterium, —F, —ClI,
—Br, —I,—CD,,—CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, an adamantyl
group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cyclo-
heptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridi-
nyl group, a pyrimidinyl group, or any combination
thereof;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, a an adamantyl group, a
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norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a bipheny! group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyreny! group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group. each substituted with at
least one deuterium, —F, —Cl, —Br, —I, —CD,,
—CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopenty! group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, a an adaman-
tyl group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cyclo-
heptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a fluore-
nyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthrolinyl
group, a benzimidazolyl 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 dibenzosilolyl group, a benzocar-
bazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, —Si
Q)Q1Q15): —BQQ2), —NQ,)Q,), or

any combination thereof; or

—Si(Q(Q2)(Qa), —B(Q1)(Qy), or —N(Q)(Qy),

R, and R, are each independently:

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

a C,-C,, alkyl group, or a C,-C,, alkoxy group, each
substituted with at least one deuterium, —F, —ClI,
—Br,—I,—CD,,—CD,H,—CDH,, —CF,, —CF,H,
—CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C -C,, alkyl
group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, an adamantyl
group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cyclo-
heptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a pyridi-
nyl group, a pyrimidinyl group, or any combination
thereof;,

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at
least one deuterium, —F, —Cl, —Br, —I, —CD,,
—CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-C,,
alkoxy group, a cyclopenty! group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, an adamantyl
group, a norbornyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cyclo-
heptenyl group, a phenyl group, a biphenyl group, a
C,-C,, alkylphenyl group, a naphthyl group, a fluore-
nyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl 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 quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthrolinyl
group, a benzimidazolyl 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 dibenzosilolyl group, a benzocar-
bazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, an imidazopyrimidinyl group, —Si
QQL)Q15), —BQ)Q12), —NQ)(Qy), or

any combination thereof; or

—Si(Q)(Q2)(Qs), —B(Q,)(Qy), or —N(Q,)(Q), and
Q, to Q; and Q; to Q,; are each independently:

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a 2-methylbutyl group, a sec-pentyl
group, a tert-pentyl group, a neo-pentyl group, a 3-pen-
tyl group, a 3-methyl-2-butyl group, a phenyl group, a
biphenyl group, a C,-C,, alkylphenyl group, or a naph-
thyl group; or

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a 2-methylbutyl group, a sec-pentyl
group, a tert-pentyl group, a neo-pentyl group, a 3-pen-
tyl group, a 3-methyl-2-butyl group, a phenyl group, or
a naphthyl group, each substituted with at least one
deuterium, a phenyl group, or a combination thereof.
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13. The organometallic compound of claim 1, wherein

Qy0; 10 Q05 are each independently:

hydrogen, deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, —SF,, a
C,-C,, alkyl group, or a C,-C,, alkoxy group;

a C,-C,q alkyl group, or a C,-C,, alkoxy group, each
substituted with at least one deuterium, —F, —ClI,
—Br, —I,—CD,,—CD,H, —CDH,, —CF;, —CF,H,
—CFH,, a hydroxyl group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a C,-C,, alkyl group, a cyclopentyl group,
a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, an adamantyl group, a norbornyl group, a nor-
bornenyl group, a cyclopentenyl group, a cyclohexenyl
group, a cycloheptenyl group, a phenyl group, a biphe-
nyl group, a C,-C,, alkylphenyl group, a naphthyl
group, a pyridinyl group, a pyrimidinyl group, or any
combination thereof;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group; or

—Si(Q)(Q2)(Qs), —B(Q,)(Q,), or —N(@Q,)(Q»),

at least one Q,y, to Qo5 is a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a an adamantyl group, a norbomnyl group, a
norbornenyl group, a cyclopentenyl group, a cyclohex-
enyl group, a cycloheptenyl group, a phenyl group, a
biphenyl group, a C,-C,, alkylphenyl group, a naphthyl
group, a fluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl 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 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 quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a
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phenanthrolinyl group, a benzimidazolyl 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 dibenzosilolyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, or an imidazopy-
rimidiny] group; or

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantyl group, a
norbornyl group, a norbornenyl group, a cyclopentenyl
group, a cyclohexenyl group, a cycloheptenyl group, a
phenyl group, a biphenyl group, a C,-C,, alkylphenyl
group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyreny! group, a chry-
senyl 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 pyrazi-
nyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, or an
imidazopyrimidinyl group, each substituted with at
least one deuterium, —F, —Cl, —Br, —I, —CD,,
—CD,H, —CDH,, —CF;, —CF,H, —CFH,, a
hydroxyl group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group,
a cyclooctyl group, a an adamantyl group, a norbornyl
group, a norbornenyl group, a cyclopentenyl group, a
cyclohexenyl group, a cycloheptenyl group, a phenyl
group, a biphenyl group, a C,-C,, alkylphenyl group, a
naphthyl group, a fluorenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl
group, an imidazolyl group, a pyrazolyl group, a thi-
azolyl 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 quinoxalinyl group,
a quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzimidazolyl
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 diben-
zofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a benzocarbazolyl group, a dibenzo-
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carbazolyl group, an imidazopyridinyl group, an _continued
imidazopyrimidinyl  group,  —Si(Q,)(Q,2)(Q.a) 113

—B(Q:1)(Q12). —N(Q;)(@Q;,), or any combination
thereof, and

Q, to Q; and Q,; to Q,; are each independently:

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a 2-methylbutyl group, a sec-pentyl
group, a tert-pentyl group, a neo-pentyl group, a 3-pen-
tyl group, a 3-methyl-2-butyl group, a phenyl group, a
biphenyl group, a C,-C,, alkylphenyl group, or a naph-
thyl group; or

e

a methyl group, an ethyl group, an n-propyl group, an Ry
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group,
an isopentyl group, a 2-methylbutyl group, a sec-pentyl
group, a tert-pentyl group, a neo-pentyl group, a 3-pen-
tyl group, a 3-methyl-2-butyl group, a phenyl group, or
a naphthyl group, each substituted with at least one G,
deuterium, a phenyl group, or a combination thereof.

14. The organometallic compound of claim 1, wherein

the organometallic compound is represented by Formulae
1-11 to 1-14:

R
G G B, Rty

wherein, in Formulae 1-11 to 1-14,

M,, is the same as defined in connection with Formula 1
of claim 1,

Y, Ty, Gy to G,y Ry to Ry, and b17 are each
independently the same as defined in connection with
Formula 1-1 of claim 1, and

E,,, and E,,, are each independently the same as defined
in connection with E, in Formula 1-1 of claim 1.

15. The organometallic compound of claim 1, wherein

the organometallic compound is a compound of Group I:

/
/

(Ri7s17

Q@@

Ru
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16. An organic light-emitting device comprising:

a first electrode;

a second electrode; and

an organic layer between the first electrode and the second
electrode and comprising an emission layer,

wherein the organic layer comprises at least one organo-
metallic compound of claim 1.

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

the first electrode is an anode,

the second electrode is a cathode,

the organic layer further comprises a hole transport region
between the first electrode and the emission layer and
an electron transport region between the emission layer
and the second electrode,

the hole transport region comprises a hole injection layer,
a hole transport layer, an electron blocking layer, or any
combination thereof, and

the electron transport region comprises a hole blocking
layer, an electron transport layer, an electron injection
layer, or any combination thereof.

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

the emission layer comprises the organometallic com-
pound.

19. The organic light-emitting device of claim 18, wherein

the emission layer further comprises a host, and an
amount of the host is larger than an amount of the
organometallic compound.

20. A diagnostic composition comprising at least one

organometallic compound of claim 1.

® % % % %
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