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ORGANOMETALLC COMPOUND AND 
ORGANIC LIGHT-EMITTING DEVICE 

INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to and the benefit of 
Korean Patent Applications Nos. 10-2014-0169183, filed on 
Nov. 28, 2014, and 10-2015-0129776, filed on Sep. 14, 2015, 
in the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein in its entirety by reference. 

BACKGROUND 

0002 1. Field 
0003. One or more embodiments relate to an organome 

tallic compound and an organic light-emitting device includ 
ing the same. 
0004 2. Description of the Related Art 
0005 Organic light emitting devices (OLEDs) are self 
emission devices that have wide viewing angles, high contrast 
ratios, and short response times. In addition, OLEDs exhibit 
excellent brightness, driving Voltage, and response speed 
characteristics, and produce full-color images. 
0006. In an example, an organic light-emitting device 
includes an anode, a cathode, and an organic layer that is 
disposed between the anode and the cathode and includes an 
emission layer. A hole transport region may be disposed 
between the anode and the emission layer, and an electron 
transport region may be disposed between the emission layer 
and the cathode. Holes provided from the anode may move 
toward the emission layer through the hole transport region, 
and electrons provided from the cathode may move toward 
the emission layer through the electron transport region. The 
holes and the electrons are recombined in the emission layer 
to produce excitons. These excitons change from an excited 
state to a ground state, thereby generating light. 
0007 Various types of organic light emitting devices are 
known. However, there still remains a need in OLEDs having 
low driving Voltage, high efficiency, high brightness, and long 
lifespan. 

SUMMARY 

0008. One or more embodiments relate to a novel organo 
metallic compound and an organic light-emitting device 
including the same. 
0009. Additional aspects will be set forth in part in the 
description which follows and, in part, will be apparent from 
the description, or may be learned by practice of the presented 
embodiments. 

0010. An aspect provides an organometallic compound 
represented by Formula 1: 

Formula 1 
M(L1), (L.2)2 
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-continued 
Formula 2 

(R11): 

1. --Si(R)(R)(R) 
-N 21 
: ! Y--Y 
Yg V Yss 
Y N. Y., 
y= \ y 

2 6 X ya 

0011 wherein Min Formula 1 is selected from Ir, Pt, Os, 
Ti, Zr, Hf, Eu, Tb, Tm, and Rh, 
I0012 in Formula 1, L is a ligand represented by Formula 
2A, n1 is 1, 2, or 3, and when n1 is 2 or more, 2 or more L. may 
be identical or different, 
0013 in Formula 1, L is selected from a monovalent 
organic ligand, a divalent organic ligand, a trivalent organic 
ligand, and a tetravalent organic ligand, n2 is 0, 1, 2, 3, or 4. 
when n2 is 2 or more, 2 or more L. may be identical or 
different, 
0014 L and L in Formula 1 may be different from each 
other, 
I0015 R to Rs in Formula 2A may be each independently 
selected from a substituted or unsubstituted C-C alkyl 
group, a Substituted or unsubstituted C-Coalkenyl group, a 
substituted or unsubstituted C-C alkynyl group, a substi 
tuted or unsubstituted C-Co alkoxy group, a Substituted or 
unsubstituted C-C cycloalkyl group, a substituted or 
unsubstituted C-Coheterocycloalkyl group, a Substituted or 
unsubstituted C-C cycloalkenyl group, a substituted or 
unsubstituted C-Coheterocycloalkenyl group, a Substituted 
or unsubstituted Co-Co aryl group, a Substituted or unsubsti 
tuted Co-Co aryloxy group, a Substituted or unsubstituted 
C-Co heteroaryl group, a Substituted or unsubstituted 
monovalent non-aromatic condensed polycyclic group, a 
Substituted or unsubstituted monovalent non-aromatic con 
densed heteropolycyclic group, and —Si(Qs)(Qs)(Qs), 
I0016 X in Formula 2A may be selected from O, S, 
S(=O), N(R), and Si(R) (R), 
0017 in Formula 2A, Y may be N. C(R) or a carbon 
atom connected to a pyridine ring, Y may be N. C(R) or a 
carbon atom connected to a pyridine ring, Y may be N. 
C(R) or a carbon atom connected to a pyridine ring, Y may 
beN, C(R) or a carbonatom connected to a pyridine ring.Ys 
may be N or C(R), Y may be Nor C(R), Y, may be Nor 
C(R), Ys may be Nor C(Ras), and one ofY to Y may be a 
carbon atom connected, 
0018 R, R to RandR to Ras in Formula 2A may be 
each independently selected from a hydrogen, a deuterium, 
—F. —Cl. —Br. —I, —SFs, 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-C alkyl group, a substituted or unsubstituted C-Co 
alkenyl group, a Substituted or unsubstituted C-Co alkynyl 
group, a substituted or unsubstituted C-C alkoxy group, a 
Substituted or unsubstituted C-C cycloalkyl group, a Sub 
stituted or unsubstituted C-Co heterocycloalkyl group, a 
Substituted or unsubstituted C-C cycloalkenyl group, a 
substituted or unsubstituted C-C heterocycloalkenyl 
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group, a Substituted or unsubstituted Co-Co aryl group, a 
Substituted or unsubstituted Co-Co aryloxy group, a Substi 
tuted or unsubstituted Co-Co arylthio group, a substituted or 
unsubstituted C-C heteroaryl group, a substituted or 
unsubstituted monovalent non-aromatic condensed polycy 
clic group, a Substituted or unsubstituted monovalent non 
aromatic condensed heteropolycyclic group, —N(Q)(Q), 
—Si(Q)(Q)(Qs). —B(Q)(Q7), and —P(=O)(Q)(Qo), 
and 2 or more R may optionally be linked to each other to 
form a saturated or unsaturated Ca-Coring, and two or more 
of R to R may be optionally linked to each other to form a 
saturated or unsaturated C-Coring, and two or more of Ras 
to Ras may be optionally linked to each other to form a 
saturated or unsaturated Ca-Coring, 
0019 in Formula 2A, b1 is an integer selected from 0 to 3, 
and b4 is an integer selected from 1 to 4. 
0020 * and *" in Formula 2A are binding sites to M in 
Formula 1, 
0021 at least one of substituents of the substituted C-Co 
alkyl group, Substituted C-Co alkenyl group, Substituted 
C-C alkynyl group, Substituted C-C alkoxy group, Sub 
stituted C-Co cycloalkyl group, Substituted C-Cohetero 
cycloalkyl group, Substituted C-Co cycloalkenyl group, 
Substituted C-Co heterocycloalkenyl group, Substituted 
Co-Co aryl group, Substituted Co-Co aryloxy group, Substi 
tuted C-C arylthio group, Substituted C-Co heteroaryl 
group, Substituted monovalent non-aromatic condensed 
polycyclic group, and Substituted monovalent non-aromatic 
condensed heteropolycyclic group is selected from 
0022 a deuterium, —F. —Cl, —Br. —I, —CD, CDH, 
—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-Co 
alkyl group, a C-Coalkenyl group, a C-Co alkynyl group. 
and a C-Co alkoxy group; 
0023 a C-C alkyl group, a C-C alkenyl group, a 
C-Co alkynyl group, and a C-Coalkoxy group, each Sub 
stituted with at least one selected from a deuterium, —F, 

Cl. —Br. —I, —CD, —CD.H. —CDH, —CF, 
—CF.H. —CFH, a hydroxyl group, a cyano group, a nitro 
group, an amino group, an amidino group, a hydrazine group. 
a hydrazone group, a carboxylic acid group or a salt thereof, 
a Sulfonic acid group or a salt thereof, a phosphoric acid group 
or a salt thereof, a C-C cycloalkyl group, a C-Cohetero 
cycloalkyl group, a Cs-Co cycloalkenyl group, a C-Cohet 
erocycloalkenyl group, a Co-Co aryl group, a Co-Co aryloxy 
group, a Co-Co arylthio group, a C-Coheteroaryl group, a 
monovalent non-aromatic condensed polycyclic group, a 
monovalent non-aromatic condensed heteropolycyclic 

0024 a C-Co cycloalkyl group, a C-Co heterocy 
cloalkyl group, a C-C cycloalkenyl group, a C-C het 
erocycloalkenyl group, a Co-Co aryl group, a Co-Co aryloxy 
group, a Co-Co arylthio group, a C-Coheteroaryl group, a 
monovalent non-aromatic condensed polycyclic group, and a 
monovalent non-aromatic condensed heteropolycyclic 
group; 
0.025 a C-Co cycloalkyl group, a C-Co heterocy 
cloalkyl group, a C-Co cycloalkenyl group, a C-Co het 
erocycloalkenyl group, a Co-Co aryl group, a Co-Co aryloxy 
group, a Co-Co arylthio group, a C-Coheteroaryl group, a 
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monovalent non-aromatic condensed polycyclic group, and a 
monovalent non-aromatic condensed heteropolycyclic 
group, each Substituted with at least one selected from a 
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-Co alkyl group, a C-Co 
alkenyl group, a C-Co alkynyl group, a C-Co alkoxy 
group, a C-C cycloalkyl group, a C-Coheterocycloalkyl 
group, a Cs-Cocycloalkenyl group, a C-Coheterocycloalk 
enyl group, a Co-Co aryl group, a Co-Co aryloxy group, a 
Co-Co arylthio group, a C-Coheteroaryl group, a monova 
lent non-aromatic condensed polycyclic group, a monovalent 
non-aromatic condensed heteropolycyclic group, —N(Q) 

0027 wherein Q1 to Q3. Qi to Qo, Q2 to Q29, Qs to Qso 
and Qs to Qs may be each independently selected from a 
hydrogen, a deuterium, —F. —Cl. —Br. —I, a hydroxyl 
group, a cyano group, a nitro group, an amino group, an 
amidino group, a hydrazine group, a hydraZone group, a 
carboxylic acid group or a salt thereof, a Sulfonic acid group 
or a salt thereof, a phosphoric acid group or a salt thereof, a 
Substituted or unsubstituted C-Co alkyl group, a Substituted 
orunsubstituted C-Coalkenyl group, a substituted or unsub 
stituted C-Co alkynyl group, a Substituted or unsubstituted 
C-C alkoxy group, a substituted or unsubstituted C-Co 
cycloalkyl group, a Substituted or unsubstituted C-Co het 
erocycloalkyl group, a Substituted or unsubstituted C-Co 
cycloalkenyl group, a substituted or unsubstituted C-Co 
heterocycloalkenyl group, a Substituted or unsubstituted 
C-C aryl group, a substituted or unsubstituted C-C ary 
loxy group, a Substituted or unsubstituted Co-Co arylthio 
group, a substituted or unsubstituted C-Co heteroaryl 
group, a Substituted or unsubstituted monovalent non-aro 
matic condensed polycyclic group, and a Substituted or 
unsubstituted monovalent non-aromatic condensed het 
eropolycyclic group. 
0028. Another aspect provides an organic light-emitting 
device including: 
0029 a first electrode: 
0030 a second electrode; and 
0031 an organic layer disposed between the first electrode 
and the second electrode, wherein the organic layer includes 
an emission layer and at least one organometallic compound 
represented by Formula 1. 
0032. The emission layer may include the organometallic 
compound. 
0033. The organometallic compound included in the emis 
sion layer may act as a dopant, and the emission layer may 
further include a host. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034. These and/or other aspects will become apparent 
and more readily appreciated from the following description 
of the embodiments, taken in conjunction with 
0035 FIG. 1 which is a schematic view of an organic 
light-emitting device according to an embodiment. 
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DETAILED DESCRIPTION 

0.036 Reference will now be made in detail to embodi 
ments, examples of which are illustrated in the accompanying 
drawings, wherein like reference numerals refer to like ele 
ments throughout. In this regard, the present embodiments 
may have different forms and should not be construed as 
being limited to the descriptions set forth herein. Accord 
ingly, the embodiments are merely described below, by refer 
ring to the FIGURES, to explain aspects of the present inven 
tive concept. 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 in 
contact with the other element or intervening elements may 
be present therebetween. In contrast, when an element is 
referred to as being “directly on another element, there are 
no intervening elements present. 
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 sections, 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 section without departing from 
the teachings of the present embodiments. 
0039. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting. As used herein, the singular forms “a,” “an and 
“the are intended to include the plural forms as well, unless 
the context clearly indicates otherwise. 
0040. It will be further understood that the terms “com 
prises” and/or “comprising,” or “includes” and/or “includ 
ing' when used in this specification, specify the presence of 
stated features, regions, integers, steps, operations, elements, 
and/or components, but do not preclude the presence or addi 
tion of one or more other features, regions, integers, steps, 
operations, elements, components, and/or groups thereof. 
0041 Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above.” “upper” and the like, may be used hereinfor 
ease of description to describe one element or feature's rela 
tionship to another element(s) or feature(s) as illustrated in 
the FIGURES. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the FIGURES. For example, if the device in the 
FIGURES is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the exemplary 
term “below can encompass both an orientation of above and 
below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 
0042 About' or “approximately' as used herein is inclu 
sive 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 
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system). For example, "about can mean within one or more 
standard deviations, or within +30%, 20%, 10%, 5% of the 
stated value. 

0043. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, 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 below: 

M(L 1), I (L2), 2 

0046) M in Formula 1 may be selected from iridium (Ir), 
platinum (Pt), osmium (OS), titanium (Ti), Zirconium (Zr), 
hafnium (Hf), europium (Eu), terbium (Tb), thulium (Tm), 
and rhodium (Rh). 
0047 For example, Min Formula 1 may be selected from 
iridium (Ir), platinum (Pt), osmium (Os), and rhodium (Rh). 
0048. In some embodiments, M in Formula 1 may be 
selected from iridium (Ir) and platinum (Pt), but is not limited 
thereto. 

0049. In Formula 1, L is a ligand represented by Formula 
2A, n1 is 1, 2, or 3, and when n1 is 2 or more, 2 or more L. may 
be identical or different. 

Formula 1 

Formula 2A 
(R11)b, 

Sás 
--Si(R)(R)(R) 

-N4 
* Y--Y Yg Y 
y: \ 8s Y, 
y o \ \ 

aY6 
X Ys 

0050 wherein in Formula 1, L is selected from a monova 
lent organic ligand, a divalent organic ligand, a trivalent 
organic ligand, and a tetravalent organic ligand, n2 is 0, 1, 2, 
3, or 4, when n2 is 2 or more, 2 or more L. may be identical or 
different. 
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0051 L and L in Formula 1 may be different from each 
other. 

0052 For example, n1 in Formula 1 may be 1. 
0053. In some embodiments, the organometallic com 
pound represented by Formula 1 may not include an ionic 
group. For example, the organometallic compound may not 
be a salt consisting of an ionic pair. 
0054. In some embodiments, in Formula 1, M is Irand the 
sum of n1 and n2 is 3; or Mis Pt and the sum of n1 and n2 is 
2, and the organometallic compound represented by Formula 
1 may not include an ionic group. 
0055 R to R in Formula 2A may be each independently 
selected from a substituted or unsubstituted C-C alkyl 
group, a substituted or unsubstituted C-Coalkenyl group, a 
Substituted or unsubstituted C-Co alkynyl group, a Substi 
tuted or unsubstituted C-C alkoxy group, a substituted or 
unsubstituted C-Co cycloalkyl group, a substituted or 
unsubstituted C-Coheterocycloalkyl group, a Substituted or 
unsubstituted C-C cycloalkenyl group, a Substituted or 
unsubstituted C-Coheterocycloalkenyl group, a Substituted 
or unsubstituted C-C aryl group, a substituted or unsubsti 
tuted Co-Co aryloxy group, a Substituted or unsubstituted 
C-Co heteroaryl group, a substituted or unsubstituted 
monovalent non-aromatic condensed polycyclic group, a 
Substituted or unsubstituted monovalent non-aromatic con 
densed heteropolycyclic group, and —Si(Qs)(Qs)(Qs). 
0056. For example, R to Rs in Formula 2A may be each 
independently selected from a C-Co alkyl group, a C-Co 
alkoxy group, and -Si(Qs)(Q52)(Qss); 
0057 a C-C alkyl group and a C-C alkoxy group, 
each substituted with at least one selected from a deuterium, 

F. —Cl. —Br. —I, —CDs, —CDH. —CDH2, —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 
adamantanyl group, norbornanyl group, anorbornenyl group, 
a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl 
group, a phenyl group, a naphthyl group, a pyridinyl group. 
and a pyrimidinyl group; 
0.058 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl group, a pyrenyl group, a chrysenyl group, apyrrolyl 
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 
phenanthrolinyl group, a benzoimidazolyl group, a benzo 
furanyl group, a benzothiophenyl group, an isobenzothiaz 
olyl group, a benzoxazolyl group, an isobenzoxazolyl group, 
a triazolyl group, a tetrazolyl group, an oxadiazolyl group, a 
triazinyl group, a dibenzofuranyl group, a dibenzothiophenyl 
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group, a benzocarbazolyl group, a dibenzocarbazolyl group, 
an imidazopyridinyl group, and an imidazopyrimidinyl 
group; and 
0059 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl 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 
phenanthrolinyl group, a benzoimidazolyl group, a benzo 
furanyl group, a benzothiophenyl group, an isobenzothiaz 
olyl group, a benzoxazolyl group, an isobenzoxazolyl 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, and an imidazopyrimidinyl 
group, each Substituted with at least one selected from a 
deuterium, —F. —Cl. —Br. —I, —CD —CD.H. —CDH, 
—OF —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-Co alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
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 imi 
dazolyl 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 iso 
quinolinyl group, a benzoquinolinyl group, a quinoxalinyl 
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl 
group, a phenanthrolinyl group, a benzoimidazolyl group, a 
benzofuranyl group, a benzothiophenyl group, an isoben 
Zothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl 
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl 
group, a triazinyl group, a dibenzofuranyl group, a diben 
Zothiophenyl group, a benzocarbazolyl group, a dibenzocar 
bazolyl group, an imidazopyridinyl group, and an imidazopy 
rimidinyl group; and 
0060 Qs to Qs may be each independently selected from 
0061 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD, CDCD, 
—CDCDH, and —CDCDH: 
0062 an n-propyl group, an isopropyl group, an n-butyl 
group, an isobutyl group, a sec-butyl group, a tert-butyl 
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group, an n-pentyl group, an isopentyl group, a sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0063 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-C alkyl group, and a phenyl group, but 
embodiments are not limited thereto. 
0064. In other examples, R to Rs in Formula 2A may be 
each independently selected from 
0065 CH, —CD, CDH, —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CD.CDH, and - CDCDH: 
0.066 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, a naphthyl group. 
and -Si(Qs)(Qs)(Qss); and 
0067 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group; 
0068 Qs to Qs may be each independently selected from 
0069 CH, —CDs, —CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CD.CDH, and - CDCDH: 
0070 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0071 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group. 
0072. In some embodiments, Qs to Qs may be eachinde 
pendently a methyl group or an ethyl group. 
0073. In some embodiments, in Formula 2A, 
0074 R to R may all be identical; 
0075 R and R may be identical and R and R may be 
different; or 
0076 R to Rs may all be different from each other. 
0077 X in Formula 2A may be selected from O, S, 
S(=O), N(R), and Si(R) (R). 
0078 For example, X in Formula 2A may be selected 
from O, S, and N(R). 
0079 According to an embodiment, X in Formula 2A 
may be 0, but is not limited thereto. 
0080 R, R to RandR to Ras in Formula 2A may be 
each independently selected from a hydrogen, a deuterium, 
—F. —Cl. —Br. —I. —SFs, 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-Co alkyl group, a Substituted or unsubstituted C-Co 
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alkenyl group, a Substituted or unsubstituted C-Co alkynyl 
group, a substituted or unsubstituted C-Co 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 Co-Co aryl group, a 
Substituted or unsubstituted Co-Co aryloxy group, a Substi 
tuted or unsubstituted C-C arylthio group, a substituted or 
unsubstituted C-Co heteroaryl group, a Substituted or 
unsubstituted monovalent non-aromatic condensed polycy 
clic group, a Substituted or unsubstituted monovalent non 
aromatic condensed heteropolycyclic group, —N(Q)(Q). 
—Si(Q)(Q)(Qs). —B(Q)(Q), and —P(=O)(Qs)(Qo). 
0081 For example, R, R2 to R and R to Ras in 
Formula 2A may be each independently selected from 
I0082 a hydrogen, a deuterium, —F. —Cl, —Br. —I, 
—SFs, 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 Sul 
fonic acid group or a salt thereof, a phosphoric acid group or 
a salt thereof, a C-C alkyl group, and a C-C alkoxy 
group; 

0083 a C-C alkyl group and a C-Co alkoxy group, 
each substituted with at least one selected from a deuterium, 

F. —Cl. —Br. —I, —CDs —CDH. —CDH2, —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-Co alkyl group, 
0084 a C-Coalkoxy group, a C-C cycloalkyl group, a 
C-Coheterocycloalkyl group, a C-C cycloalkenyl group, 
a C-Co heterocycloalkenyl group, a C-C aryl group, a 
C-C heteroaryl group, a monovalent non-aromatic con 
densed polycyclic group, and a monovalent non-aromatic 
condensed heteropolycyclic group; 
0085 a C-Co cycloalkyl group, a C-Co heterocy 
cloalkyl group, a C-Co cycloalkenyl group, a C-Co het 
erocycloalkenyl group, a C-C aryl group, a C1-C4 het 
eroaryl group, a monovalent non-aromatic condensed 
polycyclic group, and a monovalent non-aromatic condensed 
heteropolycyclic group; 
I0086 a C-C cycloalkyl group, a C-Co heterocy 
cloalkyl group, a C-Co cycloalkenyl group, a C-Co het 
erocycloalkenyl group, a C-C aryl group, a C1-C4 het 
eroaryl group, a monovalent non-aromatic condensed 
polycyclic group, and a monovalent non-aromatic condensed 
heteropolycyclic group, each Substituted with at least one 
selected from a deuterium, —F. —Cl. —Br. —I. —CDs, 
CDH, —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-Co alkyl group, a C-Co alkoxy group, a C-Co 
cycloalkyl group, a C-Coheterocycloalkyl group, a C-Co 
cycloalkenyl group, a C-Co heterocycloalkenyl group, a 
Co-C4 aryl group, a C1-C4 heteroaryl group, a monovalent 
non-aromatic condensed polycyclic group, and a monovalent 
non-aromatic condensed heteropolycyclic group; and 
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0088 Q to Q may be each independently selected from a 
Substituted or unsubstituted C-Co alkyl group, a Substituted 
or unsubstituted C-C alkoxy group, a substituted or unsub 
stituted C-C cycloalkyl group, a substituted or unsubsti 
tuted C-Coheterocycloalkyl group, a Substituted or unsub 
stituted C-C cycloalkenyl group, a substituted or 
unsubstituted C-Coheterocycloalkenyl group, a Substituted 
or unsubstituted C-C aryl group, a Substituted or unsubsti 
tuted C-C heteroaryl group, a substituted or unsubstituted 
monovalent non-aromatic condensed polycyclic group, and a 
Substituted or unsubstituted monovalent non-aromatic con 
densed heteropolycyclic group. 
0089. In some embodiments, R, R to R and R to 
Ras in Formula 2A may be each independently selected from 
0090 a hydrogen, a deuterium, —F. —Cl, —Br. —I, a 
hydroxyl group, a cyano group, a nitro group, an amino 
group, an amidino group, a hydrazine group, a hydraZone 
group, a carboxylic acid group or a salt thereof, a Sulfonic acid 
group or a salt thereof, a phosphoric acid group or a salt 
thereof. —SFs, a C-C alkyl group, and a C-C alkoxy 
group; 
0.091 a C-C alkyl group and a C-C alkoxy group, 
each substituted with at least one selected from a deuterium, 

F. —Cl. —Br. —I, —CD -CDH. —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-Clo alkyl group, a cyclopentyl group, a 
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, an 
adamantanyl group, norbornanyl group, anorbornenyl group, 
a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl 
group, a phenyl group, a naphthyl group, a pyridinyl group. 
and a pyrimidinyl group; 
0092 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl group, a pyrenyl group, a chrysenyl group, apyrrolyl 
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 
phenanthrolinyl group, a benzoimidazolyl group, a benzo 
furanyl group, a benzothiophenyl group, an isobenzothiaz 
olyl group, a benzoxazolyl group, an isobenzoxazolyl 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, and an imidazopyrimidinyl 
group; 
0.093 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl group, a pyrenyl group, a chrysenyl group, apyrrolyl 
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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 
phenanthrolinyl group, a benzoimidazolyl group, a benzo 
furanyl group, a benzothiophenyl group, an isobenzothiaz 
olyl group, a benzoxazolyl group, an isobenzoxazolyl 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, and an imidazopyrimidinyl 
group, each Substituted with at least one selected from a 
deuterium, —F. —Cl. —Br. —I, —CDs —CDH. —CDH2, 
—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-Co alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
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 imi 
dazolyl 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 iso 
quinolinyl group, a benzoquinolinyl group, a quinoxalinyl 
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl 
group, a phenanthrolinyl group, a benzoimidazolyl group, a 
benzofuranyl group, a benzothiophenyl group, an isoben 
Zothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl 
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl 
group, a triazinyl group, a dibenzofuranyl group, a diben 
Zothiophenyl group, a benzocarbazolyl group, a dibenzocar 
bazolyl group, an imidazopyridinyl group, and an imidazopy 
rimidinyl group; and 

0.095 Q to Q may be each independently selected from 
0.096 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0097 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0098 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-C alkyl group, and a phenyl group, but 
embodiments are not limited thereto. 
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0099. In some embodiments, R, R to R and R to 
Ras in Formula 2A may be each independently selected from 
0100 a hydrogen, a deuterium, —F. a cyano group, a nitro 
group, —SFs, 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 sec-pentyl group, a tert-pentyl 
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, a pentoxy group, a 
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, an adamantanyl, norbornanyl group, a 
norbornenyl, a cyclopentenyl group, a cyclohexenyl group, a 
cycloheptenyl group, a phenyl group, a naphthyl group, a 
pyridinyl group, and a pyrimidinyl group; 
0101 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 sec-pentyl group, a tert-pentyl 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 isooc 
tyl 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, a pentoxy group, a cyclo 
pentyl group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, an adamantanyl group, norbornanyl group, 
a norbornenyl group, a cyclopentenyl group, a cyclohexenyl 
group, a cycloheptenyl group, a phenyl group, a naphthyl 
group, a pyridinyl group, and a pyrimidinyl group, each Sub 
stituted with at least one selected from a deuterium, —F, 
CD —CDH, —CDH, —CF, —CF.H. —CFH a 

cyano group, a nitro group, a C-Clio alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
phenyl group, a naphthyl group, a pyridinyl group, and a 
pyrimidinyl group; and 
0102 —B(Q)(Q7) and —P(=O)(Q)(Q), 
0103 Q to Q may be each independently selected from 
0104 —CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0105 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0106 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group. 
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0107. In some embodiments, R, R2 to R and R to 
Ras in Formula 2A may be each independently selected from 
a hydrogen, a deuterium, —F. a cyano group, a nitro group, 

SFs, —CH, —CD —CDH, —CDH, —CF, —CFH, 
—CFH groups represented by Formulae 9-1 to 9-17, and 
groups represented by Formulae 10-1 to 10-30, but they are 
not limited thereto: 

Formula 9-1 

: 

Formula 9-2 

: 

Formula 9-3 

: 

Formula 9-4 

: 

Formula 9-5 

: 

Formula 9-6 

: 

Formula 9-7 

Formula 9-8 

: 

Formula 9-9 

: 

Formula 9-10 

: 

Formula 9-11 

: 

Formula 9-12 

: 

Formula 9-13 

: C D 
Formula 9-14 

: 

Formula 9-15 
CD3 

-nk. 
Formula 9-16 

D D 

: 

C D 
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-continued -continued 
Formula 9-17 Formula 10-12 

CD 

CD 
X. O 

Formula 10-1 Formula 10-13 
C N 

Formula 10-2 

Formula 10-14 

Formula 10-3 
Formula 10-15 

Formula 10-4 : 

Formula 10-16 
C N 

: 

Formula 10-5 Formula 10-17 
Si(CH3)3 

: 

Formula 10-6 

Formula 10-18 

: 

Formula 10-7 

: 

Formula 10-19 
Formula 10-8 

Formula 10-9 O 
Formula 10-20 

Formula 10-10 O 
Formula 10-21 

: 

C C. Formula 10-11 
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-continued 
Formula 10-22 

: 

i 
O 

Formula 10-23 

Formula 10-24 
: 

S 

Formula 10-25 
O 

: ( ) 
Formula 10-26 

S 

: ( ) 
Formula 10-27 

T O 
: 

Formula 10-28 
S 

: 

Formula 10-29 
O 

: 

Formula 10-30 
S 

: 

0108. In Formulae 9-1 to 9-17 and to 10-1 to 10-30, * is a 
binding site to a neighboring atom. 
0109. In Formula 2A, b1 is an integer selected from 0 to 3, 
and b4 is an integer selected from 1 to 4. 
0110. In some embodiments, R to R in X of Formula 
2A are each independently selected from 
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0111 a C-C alkyl group, a C-Co alkoxy group, a 
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, an adamantanyl group, norbornanyl 
group, a norbornenyl group, a cyclopentenyl group, a cyclo 
hexenyl group, a cycloheptenyl group, a phenyl 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 pyridinyl group. 
a pyrimidinyl group, and a triazinyl group; 
0112 a C-C alkyl group and a C-Co alkoxy group, 
each substituted with at least one selected from a deuterium, 

F. —Cl. —Br. —I, —CDs —CDH. —CDH2, —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, and a phosphoric acid 
group or a salt thereof; 
0113 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl group, a pyrenyl group, a chrysenyl group, a pyridi 
nyl group, a pyrimidinyl group, and a triazinyl group, each 
substituted with at least one selected from a deuterium, —F, 

Cl. —Br. —I, —CDs —CDH, —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-Co alkyl group, a C-Coalkoxy group. 
a phenyl group, and a naphthyl group. 
0114. In Formula 2A, b1 indicates the number of R, 
when b1 is 2 or more, 2 or more R are identical or different, 
and b4 indicates the number of Si(R)(R)(R), when b4 is 
2 or more, 2 or more—Si(R)(R)(R) are identical or differ 
ent. 

0.115. In some embodiments, in Formula 2A, b1 may be 0, 
1 or 2, and b4 may be 1 or 2, but they are not limited thereto. 
0116. In some embodiments, in Formula 2A, b1 may be 0 
or 1, and b4 may be 1, but they are not limited thereto. 
I0117 Regarding Formula 2A, two or more Rs may be 
optionally linked to each other to form a saturated or unsat 
urated Ca-Coring (for example, a cyclopentane, a cyclohex 
ane, an adamantane, a norbornane, a benzene, a pyridine, a 
pyrimidine, a naphthalene, a pyrene, or a chrysene), two or 
more of R to Ra may be optionally linked to each other to 
form a saturated or unsaturated Ca-Coring (for example, a 
cyclopentane, a cyclohexane, an adamantane, a norbornane, a 
benzene, a pyridine, a pyrimidine, a naphthalene, a pyrene, or 
a chrysene), and two or more of Ras to Ras may be optionally 
linked to each other to form a saturated or unsaturated Ca-Co 
ring (for example, a cyclopentane, a cyclohexane, an adaman 
tane, a norbornane, a benzene, a pyridine, a pyrimidine, a 
naphthalene, a pyrene, or a chrysene). 
I0118 For example, two Rs in Formula 2A may bind to 
each other to form a substituted or unsubstituted a cyclohex 
ane or a substituted or unsubstituted a benzene, but embodi 
ments are not limited thereto. 

0119. In some embodiments, none ofY to Ys, in Formula 
2A may be N. 
I0120 In some embodiments, YorY in Formula 2A may 
be N. 
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0121. In some embodiments, Ys orY in Formula 2A may 
be N. 

0122. In some embodiments, one or two of Y.Y.Ys, and 
Y in Formula 2A may be N 
0123. In some embodiments, L in Formula 1 may be 
selected from ligands represented by Formula 2A-1 to 2A-16 
below: 

(R11): 

1s 

(R11): 

^ 

1s --Si(R)(R)(R) 

Formula 2A-1 

Formula 2A-2 

Formula 2A-3 

Formula 2A-4 

-continued 

-- (R) 

- (R) 

- (R12) 

Ys 

W 6 
Ys sy 

R11 Si(R) (R2)(R3)4 
X1s4 

? - - (RIs) is 
-N4 
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Formula 2A-5 

Formula 2A-6 

Formula 2A-7 

Formula 2A-8 
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0.124 Regarding Formulae 2A-1 to 2A-16, descriptions of 
R to Rs. X, Y to Ys, R., b1 and b4 are the same as 
described above, descriptions of Rs are the same as 
described in connection with R, b5 is an integer selected 
from 0 to 8, and * and * are binding sites to Min Formula 1. 
0125. In some embodiments, 
I0126 in Formulae 2A-1 to 2A-16, Y may be C(R), Y. 
may be C(R), Y may be C(R), Y may be C(R), Ys may 
be C(Ras), Ye may be C(R), Y, may be C(R), and Ys may 
be C(Ras); 
0127 in Formulae 2A-1, 2A-2, 2A-4, 2A-5, 2A-6, 2A-8, 
2A-9,2A-10,2A-12,2A-13, 2A-14, and 2A-16,Y may be N. 
Y may be C(R), Ys may be C(Ras), Ye may be C(R), Y, 
may be C(R), and Ys may be C(Ras); 
0128 in Formulae 2A-1, 2A-2, 2A-4, 2A-5, 2A-6, 2A-8, 
2A-9, 2A-10, 2A-12, 2A-13, 2A-14, and 2A-16, Y may be 
C(R).Y. may be C(R).Ys maybe N.Y. may be C(R).Y., 
may be C(R), and Ys may be C(Ras); 
0129 in Formulae 2A-1, 2A-2, 2A-4, 2A-5, 2A-6, 2A-8, 
2A-9, 2A-10, 2A-12, 2A-13, 2A-14, and 2A-16, Y may be 
C(R).Y. may be C(R).Ys may be C(Rs).Y may be N.Y., 
may be C(R7), and Ys may be C(Ras); 
0130 in Formulae 2A-1, 2A-2, 2A-4, 2A-5, 2A-6, 2A-8, 
2A-9, 2A-10, 2A-12, 2A-13, 2A-14, and 2A-16,Y may be N. 
Y may be C(R).Ys may be N.Y. may be C(R).Y., may be 
C(R), and Ys may be C(Ras); 
0131 in Formulae 2A-1, 2A-2, 2A-4, 2A-5, 2A-6, 2A-8, 
2A-9,2A-10,2A-12,2A-13, 2A-14, and 2A-16,Y may be N. 
Y may be C(R), Ys may be C(Rs).Y. may be N.Y., may be 
C(R-7), and Y may be C(Ras); 
0132 in Formulae 2A-3, 2A-7, 2A-11, and 2A-15,Y may 
be N.Y. may be C(R).Ys may be C(Rs).Y may be C(R), 
Y, may be C(R-7), and Ys may be C(Ras); 
0.133 in Formulae 2A-3, 2A-7, 2A-11, and 2A-15,Y may 
be C(R).Y may be C(R).Ys maybe N.Y. may be C(R), 
Y, may be C(R), and Ys may be C(Rs); 
0134 in Formulae 2A-3, 2A-7, 2A-11, and 2A-15,Y may 
be C(R).Y. may be C(R).Ys may be C(Rs).Y. maybe N. 
Y, may be C(R), and Ys may be C(Rs); 
0135 in Formulae 2A-3, 2A-7, 2A-11, and 2A-15,Y may 
be N.Y. may be C(R), Ys may be N.Y. may be C(R), Y, 
may be C(R), and Ys may be C(Ras); 
0.136 in Formulae 2A-3, 2A-7, 2A-11, and 2A-15,Y may 
be N.Y. may be C(R), Ys may be C(R), Y may be N.Y., 
may be C(R), and Ys may be C(Rs), but they are not limited 
thereto. 
0.137 In this regard, a maximum luminance wavelength 
decreases in this following order: i) an organometallic com 
pound using the ligand represented by Formula 2A-4, 2A-8, 
2A-12 or 2A-16 ii) an organometallic compound using the 
ligand represented by Formula 2A-2, 2A-6, 2A-10 or 2A-14 
iii) an organometallic compound using the ligand represented 
by Formula 2A-3, 2A-7, 2A-11 or 2A-15 and iv) an organo 
metallic compound using the ligand represented by Formula 
2A-1, 2A-5, 2A-9 or 2A-13. That is, a maximum luminance 
wavelength of the organometallic compound using the ligand 
represented by Formula 2A-1, 2A-5, 2A-9 or 2A-13 among 
Formulae 2A-1 to 2A-16 is the smallest. 

I0138. In some embodiments, L in Formula 1 may be 
selected from ligands represented by Formulae 2AA-1, 2AA 
2, 2AA-3, 2AA-4 and 2AB below. When L in Formula 1 is 
selected from ligands represented by Formulae 2A A-1 and 
2AB, an organic light-emitting device using the organome 
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tallic compound represented by Formula 1 may have high 
efficiency and a long life span. 

Formula 2A A-1 
Si(R) (R) (R3) 

s - (R) 

s' Y--Y 
Y: \ Yss 
Y N. Y., 
Y - \ \ 

X, Ys 
Formula 2A A-2 

N Si(R)(R)(R3) 

-- (R) 
1 Na 
*NY3-Y4 
Y: W Ys 
Y s Y, 

v \ \ YE 2Y6 
X Ys 

Formula 2A A-3 

1S -- (R) 
N 1N N21 n. 

: Si(R)(R)(R3) 

*NY3-Y4 
Y: V Yss 
Y N.Y., 

w \ y={ \ 
2Y6 

X Ys 
Formula 2A A-4 

ress - (R) 

: Y--Y 
& V Yss Y NY, 
v \ Y={ \ 2Y6 

X Ys 
Formula 2AB 

(Rs)is 
-N4 
"N: S. Y y? V sy, 

Y. - \ \ 
Y 2Y6 

Xi Ys 

0.139 Regarding Formulae 2AA-1, 2AA-2, 2AA-3, 2AA 
4, and 2AB. R to R, X, Y to Ys, R, and b1 are already 
described above, Rs may be understood by referring to the 
description of R, b5 is an integer selected from 0 to 8, and 
each of and * indicates a binding site to M in Formula 1. 
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0140 For example, in Formulae 2A-1 to 2A-16, 2AA-1, 
2AA-2, 2AA-3, 2AA-4, and 2AB, 
0141 R to R may be each independently selected from 
0142 CH, —CD, CDH, —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0143 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, a naphthyl group. 
and -Si(Qs)(Qs)(Qss); and 
0144 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group; 
(0145 Qs to Q may be eachindependently selected from 
014.6 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0147 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0148 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group, 
0149 X may be selected from O, S, SGEO), N(R), and 
Si(R)(R), 
0150 Y to Ys are already described above, 
0151 R, Rs. R to R and R to Ras may be each 
independently selected from 
0152 a hydrogen, a deuterium, —F. a cyano group, a nitro 
group. —SFs, 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 sec-pentyl group, a tert-pentyl 
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, a pentoxy group, a 
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, an adamantanyl, norbornanyl group, a 
norbornenyl, a cyclopentenyl group, a cyclohexenyl group, a 
cycloheptenyl group, a phenyl group, a naphthyl group, a 
pyridinyl group, and a pyrimidinyl group; 
0153 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 sec-pentyl group, a tert-pentyl 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 isooc 
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tyl 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, a pentoxy group, a cyclo 
pentyl group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, an adamantanyl group, norbornanyl group, 
a norbornenyl group, a cyclopentenyl group, a cyclohexenyl 
group, a cycloheptenyl group, a phenyl group, a naphthyl 
group, a pyridinyl group, and a pyrimidinyl group, each Sub 
stituted with at least one selected from a deuterium, —F, 
CD, CDH. —CDH, —CF, —CFH, —CFH a 

cyano group, a nitro group, a C-Co alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
phenyl group, a naphthyl group, a pyridinyl group, and a 
pyrimidinyl group; and 

0155 Q to Q may be each independently selected from 
0156 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
O157 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0158 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 sec-pentyl 
group, a tert-pentyl group, and a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium and a C-C alkyl group, 
0159 b1 may be an integer selected from 0 to 3, 
(0160 b4 may be 1 or 2, 
0.161 b5 may be an integer selected from 0 to 8, but they 
are not limited thereto. 

(0162. In some embodiments, L in Formula 1 may be 
selected from ligands represented by Formulae 2A(1) to 
2A(40) below: 

Formula 2A(1) 
Si(R) (R2)(R3) 

rs 
1 Na 

ski 

4 Ny. 

in 
Ys 
w X / 

Y2Y, 
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-continued 

14 

Formula 2A(2) 

Formula 2A(3) 

Formula 2A(4) 

Formula 2A(5) 

-continued 

Si(R) (R) (R3) 

Si(R) (R) (R3) 

Si(R) (R) (R3) 
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Formula 2A(6) 

Formula 2A(7) 

Formula 2A(8) 

Formula 2A(9) 
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-continued 

Si(R) (R2)(R3) 

Si(R) (R) (R3) 

Si(R) (R2)(R3) 

Formula 2A(10) 

Formula 2A(11) 

Formula 2A(12) 

Formula 2A(13) 

-continued 

Si(R) (R2)(R3) 

R11 

rs 
N 1N N21 n. 

: Si(R)(R)(R3) 

ski 

4 Ny. 
Y S. 

Ys 
W X / 

Y2Yo 
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Formula 2A(14) 

Formula 2A(15) 

Formula 2A(16) 

Formula 2A(17) 

Formula 2A(18) 
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17 

-continued 
Formula 2A(27) 

Si(R)(R2)(R3) 

Formula 2A(28) 
Si(R) (R2)(R3) 

R115 

Formula 2A(29) 

Formula 2A(30) 

-continued 

Si(R) (R2)(R3) 

Si(R) (R) (R3) 

R11 N 

-N4 

4 Ny. 

's- 
y W X Y 

/ 
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Formula 2A(31) 

Formula 2A(32) 

Formula 2A(33) 

Formula 2A(34) 
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-continued 
Formula 2A(35) 

Ys Y 
W. A.' 
Y, NY. 

Formula 2A(36) 

Formula 2A(37) 

Formula 2A(38) 
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-continued 
Formula 2A(39) 

Si(R) (R2)(R3) 

Formula 2A(40) 

(0163) Regarding Formulae 2A(1) to 2A(40), R to R. X. 
Y to Ys, and Rare already described above, R, and R. 
may be understood by referring to the description of R, and 
each of and * indicates a binding site to M in Formula 1, 
provided that R. R. and R, are not hydrogen. 
(0164. In some embodiments, 
(0165 in Formulae 2A(1) to 2A(40),Y may be C(R), Y. 
may be C(R), Y may be C(R), Y may be C(R), Ys may 
be C(Ras),Y may be C(R), Y, may be C(R), and Y may 
be C(Ras); 
(0166 in Formulae 2A(1) to 2(4), 2A(7) to 2A(12), 2A(15) 
to 2A(20), 2A(23) to 2A(28), and 2A(31) to 2A(36), Y may 
be N.Y. may be C(R), Ys may be C(Rs).Y may be C(R), 
Y, may be C(R), and Ys may be C(Rs); 
(0167 in Formulae 2A(1) to 2(4), 2A(7) to 2A(12), 2A(15) 
to 2A(20), 2A(23) to 2A(28), and 2A(31) to 2A(36), Y may 
be C(R).Y. may be C(R), Ys may be N.Y. may be C(R). 
Y, may be C(R), and Ys may be C(Rs); 
(0168 in Formulae 2A(1) to 2(4), 2A(7) to 2A(12), 2A(15) 
to 2A(20), 2A(23) to 2A(28), and 2A(31) to 2A(36), Y may 
be C(R).Y. may be C(R), Ys may be C(Ras), Ye may be N. 
Y, may be C(R), and Ys may be C(Rs); 
(0169 in Formulae 2A(1) to 2(4), 2A(7) to 2A(12), 2A(15) 
to 2A(20), 2A(23) to 2A(28), and 2A(31) to 2A(36), Y may 
be N.Y. may be C(R), Ys may be N.Y. may be C(R), Y, 
may be C(R), and Ys may be C(Ras); 
(0170 in Formulae 2A(1) to 2(4), 2A(7) to 2A(12), 2A(15) 
to 2A(20), 2A(23) to 2A(28), and 2A(31) to 2A(36), Y may 
be N.Y. may be C(R), Ys may be C(Rs), Y may be N.Y, 
may be C(R), and Ys may be C(Ras); 
(0171 in Formulae 2A(5), 2A(6), 2A(13), 2A(14), 2A(21), 
2A(22), 2A(29), 2A(30), 2A(37), and 2A(38), Y may be N, 
Y may be C(R), Ys may be C(Rs), Ye may be C(R), Y, 
may be C(R7), and Ys may be C(Ras); 
(0172 in Formula 2A(5), 2A(6), 2A(13), 2A(14), 2A(21), 
2A(22), 2A(29), 2A(30), 2A(37), and 2A(38), Y may be 
C(R).Y. may be C(R).Ys may be N.Y. may be C(R).Y., 
may be C(R), and Ys may be C(Ras); 
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(0173 in Formulae 2A(5), 2A(6), 2A(13), 2A(14), 2A(21), 
2A(22), 2A(29), 2A(30), 2A(37), 2A(38),Y may be C(R), 
Y may be C(R).Ys may be C(Rs).Y may be N.Y., may be 
C(R-7), and Y may be C(Ras); 
(0174 in Formulae 2A(5), 2A(6), 2A(13), 2A(14), 2A(21), 
2A(22), 2A(29), 2A(30), 2A(37), and 2A(38), Y, may be N, 
Y may be C(R).Ys may be N.Y. may be C(R), Y, may be 
C(R), and Ys may be C(Rs); or 
(0175 in Formulae 2A(5), 2A(6), 2A(13), 2A(14), 2A(21), 
2A(22), 2A(29), 2A(30), 2A(37), and 2A(38), Y may be N, 
Y may be C(R).Ys may be C(Rs).Y. may be N.Y., may be 
C(R), and Ys may be C(Ras), but they are not limited 
thereto. 
0176 For example, in Formulae 2A(1) to 2A(40), 
0177 R to R may be each independently selected from 
0178 CH, —CD, CDH, —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0179 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, a naphthyl group. 
and -Si(Qs)(Qs)(Qss); and 
0180 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group; 
0181 Qs to Q may be eachindependently selected from 
0182 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0183 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; 
0184 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group, 
0185. X may be selected from O, S, SGEO), N(R), and 
Si(R)(R), 
0186 Y to Ys are already described above, 
0187 R. R. R. R2 to R2s and R to Ras are each 
independently selected from 
0188 a hydrogen, a deuterium, —F. a cyano group, a nitro 
group. —SFs, 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 sec-pentyl group, a tert-pentyl 
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, a pentoxy group, a 
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cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, an adamantanyl, norbornanyl group, a 
norbornenyl, a cyclopentenyl group, a cyclohexenyl group, a 
cycloheptenyl group, a phenyl group, a naphthyl group, a 
pyridinyl group, and a pyrimidinyl group; 
0189 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 sec-pentyl group, a tert-pentyl 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 isooc 
tyl 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, a pentoxy group, a cyclo 
pentyl group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, an adamantanyl group, norbornanyl group, 
a norbornenyl group, a cyclopentenyl group, a cyclohexenyl 
group, a cycloheptenyl group, a phenyl group, a naphthyl 
group, a pyridinyl group, and a pyrimidinyl group, each Sub 
stituted with at least one selected from a deuterium, —F, 
CD, CDH. —CDH, —CF, —CFH, —CFH a 

cyano group, a nitro group, a C-Clo alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
phenyl group, a naphthyl group, a pyridinyl group, and a 
pyrimidinyl group; and 
0.190 —B(Q)(Q7), and —P(=O)(Q)(Q) (provided 
that, R. R. and R, in Formulae 2A(1) to 2A(40) is not 
a hydrogen), Q to Q may be each independently selected 
from 

(0191) CH, —CD, CDH, —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0.192 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0193 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium and a C-Co alkyl group, but embodiments are not 
limited thereto. 

0.194 
2A(40), 
0.195 R to R may be each independently selected from 
(0196) CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0.197 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, a naphthyl group. 
and -Si(Qs)(Qs)(Qss); and 

In some embodiments, regarding Formulae 2A(1) to 
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0198 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-C alkyl group, and a phenyl group: 
0199 Qs to Qs may be each independently selected from 
0200 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CD.CDH, and - CDCDH: 
0201 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0202 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium, a C-Co alkyl group, and a phenyl group, 
0203 X may be selected from O, S, SGEO), N(R), and 
Si(R)(R), 
0204 Y to Ys are already described above, 
0205 R. R. R., and R to Ras may be selected from 
a deuterium, —F. a cyano group, a nitro group, —SFs, 
—CH, —CDs —CDH. —CDH2, —CF, —CF.H. 
—CFH groups represented by Formulae 9-1 to 9-17, and 
groups represented by Formulae 10-1 to 10-30, 
0206 R to R are each independently selected from 
0207 a C-C alkyl group, a C-C alkoxy group, a 
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, an adamantanyl group, norbornanyl 
group, a norbornenyl group, a cyclopentenyl group, a cyclo 
hexenyl group, a cycloheptenyl group, a phenyl 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 pyridinyl group. 
a pyrimidinyl group, and a triazinyl group; 
0208 a C-C alkyl group and a C-C alkoxy group, 
each substituted with at least one selected from a deuterium, 

F. —Cl. —Br. —I, —CDs, —CDH. —CDH2, —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, and a phosphoric acid 
group or a salt thereof, and 
0209 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl group, a pyrenyl group, a chrysenyl group, a pyridi 
nyl group, a pyrimidinyl group, and a triazinyl group, each 
substituted with at least one selected from a 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-Co alkyl group, a C-Coalkoxy group. 
a phenyl group, and a naphthyl group, 
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0210 but are not limited thereto. 
0211 L in Formula 1 may be selected from ligands rep 
resented by Formulae 3A to 3G: 

Formula 3A 

CY, -(z), 
Y11 1. Yi 

ski Y 
N-'-3 
Y 

Formula 3B 
O O 

1 NY 
ski Y 
N-J3 

Y, * 

CY, -(z), 
Formula 3C 

*-CEC-Rs 
Formula 3D 

R325 

R32, A1-R32. 
: 

Formula 3E 

R33a Y. R33 - R335 
Xia X115 
\ / 

Formula 3F 
R34: 
Y Ya 

X. *: 
: ski 

Formula 3G 
R35, R35. 

R35a R35d 

X13a X13, 
V 
: ski 

0212 wherein in Formulae 3A to 3G, 
0213 Y to Y are each independently carbon (C) or 
nitrogen (N), Y and Y are linked to each other by a single 
bondora double bond,Y and Y are linked to each other by 
a single bond or a double bond, and Ys and Y are linked to 
each other by a single bond or a double bond, 
0214 CY to CYs are each independently selected from a 
Cs-Co carbocyclic group and a C-Co heterocyclic group 
("a monocyclic group' or “polycyclic group', respectively). 
0215 a1 to a3 are each independently an integer selected 
from 1 to 5 and CY, and CY may be optionally additionally 
linked to each other via an organic linking group, 
0216 A is P or As; 
0217 X1, X1,X2, X2, Xs, and X1st, may be each 
independently selected from N, O, N(R), P(Rs) (R), and 
AS(R-7) (Ras) (provided that none of X2, X2, X, and 
X, are N or O); 
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0218 R, and Ra, are each independently selected from 
a single bond, a double bond, a substituted or unsubstituted 
C-C alkylene group, a Substituted or unsubstituted C-Cs 
alkenylene group, and a substituted or unsubstituted C-Co 
arylene group; 
0219 Z1 to Z, R1, R32, R32, R32, Ras, Ras, R34 to 
Rss, Ras Rasa R3s, and Rss, are each independently 
selected from a hydrogen, a deuterium, —F. —Cl. —Br. —I. 
a hydroxyl group, a cyano group, a nitro group, an amino 
group, an amidino group, a hydrazine group, a hydraZone 
group, a carboxylic acid group or a salt thereof, a Sulfonic acid 
group or a salt thereof, a phosphoric acid group or a salt 
thereof, a Substituted or unsubstituted C-Co alkyl group, a 
Substituted or unsubstituted C-C alkenyl group, a substi 
tuted or unsubstituted C-Co alkynyl group, a Substituted or 
unsubstituted C-C alkoxy group, a substituted or unsubsti 
tuted C-C cycloalkyl group, a Substituted or unsubstituted 
C-Coheterocycloalkyl group, a Substituted or unsubstituted 
Cs-Co cycloalkenyl group, a Substituted or unsubstituted 
C-Co heterocycloalkenyl group, a Substituted or unsubsti 
tuted C-C aryl group, a substituted or unsubstituted C-Co 
aryloxy group, a Substituted or unsubstituted Co-Co arylthio 
group, a substituted or unsubstituted C-Co heteroaryl 
group, a Substituted or unsubstituted monovalent non-aro 
matic condensed polycyclic group, a Substituted or unsubsti 
tuted monovalent non-aromatic condensed heteropolycyclic 

0221 * and each indicate binding sites to Min Formula 
1; 
0222 at least one of substituents of the substituted C-Cs 
alkylene group, Substituted C-C alkenylene group, Substi 
tuted C-C arylene group, Substituted C-C alkyl group. 
Substituted C-Coalkenyl group, Substituted C-Co alkynyl 
group. Substituted C-C alkoxy group, Substituted C-Co 
cycloalkyl group, Substituted C-Coheterocycloalkyl group, 
Substituted C-C cycloalkenyl group, Substituted C-Co 
heterocycloalkenyl group, Substituted Co-Co aryl group, 
Substituted Co-Co aryloxy group, Substituted Co-Co arylthio 
group. Substituted C-Co heteroaryl group, Substituted 
monovalent non-aromatic condensed polycyclic group and 
Substituted monovalent non-aromatic condensed heteropoly 
cyclic group is selected from 
0223 a deuterium, —F. —Cl, —Br. —I, —CD, CDH, 
—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-Co 
alkyl group, a C-Coalkenyl group, a C-Co alkynyl group. 
and a C-Co alkoxy group; 
0224 a C-C alkyl group, a C-C alkenyl group, a 
C-Co alkynyl group, and a C-Coalkoxy group, each Sub 
stituted with at least one selected from a deuterium, —F, 

Cl. —Br. —I, —CDs, —CDH. —CDH2, —CF, 
—CF.H. —CFH, a hydroxyl group, a cyano group, a nitro 
group, an amino group, an amidino group, a hydrazine group. 
a hydrazone group, a carboxylic acid group or a salt thereof, 
a Sulfonic acid group or a salt thereof, a phosphoric acid group 
or a salt thereof, a C-C cycloalkyl group, a C-Cohetero 
cycloalkyl group, a Cs-Co cycloalkenyl group, a C-Cohet 
erocycloalkenyl group, a Co-Co aryl group, a Co-Co aryloxy 
group, a Co-Co arylthio group, a C-Coheteroaryl group, a 
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monovalent non-aromatic condensed polycyclic group, a 
monovalent non-aromatic condensed heteropolycyclic 
group, —N(Q)(Q12), —Si(Q)(Q)(Qs). —B(Q) 
(Q7), and —P(=O)(Q)(Q): 
0225 a C-Co cycloalkyl group, a C-Co heterocy 
cloalkyl group, a C-Co cycloalkenyl group, a C-Co het 
erocycloalkenyl group, a Co-Co aryl group, a Co-Co aryloxy 
group, a Co-Co arylthio group, a C-Coheteroaryl group, a 
monovalent non-aromatic condensed polycyclic group, and a 
monovalent non-aromatic condensed heteropolycyclic 
group; 
0226 a C-C cycloalkyl group, a C-Co heterocy 
cloalkyl group, a C-Co cycloalkenyl group, a C-Co het 
erocycloalkenyl group, a Co-Co aryl group, a Co-Co aryloxy 
group, a Co-Co arylthio group, a C-Coheteroaryl group, a 
monovalent non-aromatic condensed polycyclic group, and a 
monovalent non-aromatic condensed heteropolycyclic 
group, each Substituted with at least one selected from a 
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-Co alkyl group, a C-Co 
alkenyl group, a C-Co alkynyl group, a C-Co alkoxy 
group, a C-C cycloalkyl group, a C-Coheterocycloalkyl 
group, a Cs-Cocycloalkenyl group, a C-Coheterocycloalk 
enyl group, a Co-Co aryl group, a Co-Co aryloxy group, a 
Co-Co arylthio group, a C-Coheteroaryl group, a monova 
lent non-aromatic condensed polycyclic group, a monovalent 
non-aromatic condensed heteropolycyclic group, —N(Q) 

0228 wherein Q to Q, Q to Q, Q to Q3, and Q to 
Qo may be each independently selected from a hydrogen, a 
deuterium, —F. —Cl. —Br. —I, a hydroxyl group, a cyano 
group, a nitro group, an amino group, an amidino group, a 
hydrazine group, a hydrazone group, a carboxylic acid group 
or a salt thereof, a Sulfonic acid group or a salt thereof, a 
phosphoric acid group or a salt thereof, a Substituted or 
unsubstituted C-C alkyl group, a substituted or unsubsti 
tuted C-Coalkenyl group, a Substituted or unsubstituted 
C-Co alkynyl group, a Substituted or unsubstituted C-Co 
alkoxy group, a Substituted or unsubstituted C-Co 
cycloalkyl group, a Substituted or unsubstituted C-Co het 
erocycloalkyl group, a substituted or unsubstituted C-Co 
cycloalkenyl group, a Substituted or unsubstituted C-Co 
heterocycloalkenyl group, a Substituted or unsubstituted 
Co-Co aryl group, a Substituted or unsubstituted Co-Co ary 
loxy group, a Substituted or unsubstituted Co-Co arylthio 
group, a substituted or unsubstituted C-Co heteroaryl 
group, a Substituted or unsubstituted monovalent non-aro 
matic condensed polycyclic group, and a Substituted or 
unsubstituted monovalent non-aromatic condensed het 
eropolycyclic group. 
0229. According to an embodiment, CY to CY in For 
mulae 3A and 3B may be each independently selected from a 
benzene, a naphthalene, a fluorene, a spiro-fluorene, an 
indene, a pyrrole, a thiophene, a furan, an imidazole, a pyra 
Zole, a thiazole, an isothiazole, an oxazole, an isoxazole, a 
pyridine, a pyrazine, a pyrimidine, a pyridazine, a quinoline, 
an isoquinoline, a benzoquinoline, a quinoxaline, a quinaZo 
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line, a carbazole, a benzoimidazole, a benzofuran, a ben- -continued 
Zothiophene, an isobenzothiophene, a benzoxazole, an 
isobenzoxazole, a triazole, a tetrazole, an oxadiazole, a triaz- (Z)aa4 
ine, a dibenzofuran, a dibenzothiophene, and 5,6,7,8-tetrahy 
droisoquinoline, but they are not limited thereto. 

Formula 3-6 

0230. In some embodiments, L in Formula 1 may be 
selected from ligands represented by Formulae 3-1 to 3-111, 
but are not limited thereto: 

Formula 3-1 six 
Formula 3-7 

Formula 3-2 

Formula 3-8 

Formula 3-3 

Formula 3-9 

Formula 3-4 

Formula 3-5 Formula 3-10 

21 Q47 
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s 
N 2N. 

ski 

NX 

s 
N2 NN 

ski 

21 

14 
N2 NN 

21 ski 

NX 

s 
N2 N. : 

ski 

21 

-continued 
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Formula 3-11 

Formula 3-12 

Formula 3-13 

Formula 3-14 

Formula 3-15 

N21 

s 

-continued 

Q44 2 Na : 

Q45 21 

SX 
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Formula 3-16 

Formula 3-17 

Formula 3-18 

Formula 3-19 

Formula 3-20 
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Formula 3-21 

Formula 3-22 

Formula 3-23 

Formula 3-24 

Formula 3-25 

N21 

six 

-continued 
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Formula 3-26 

Formula 3-27 

Formula 3-28 

Formula 3-29 

Formula 3-30 
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% 
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ski 

21 

Ás % 
NeN. 

NxN 

s 
N 2N. 

ski 

e 
N) N 

(Z2)ab2 

-continued 
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Formula 3-31 

Formula 3-32 

Formula 3-33 

Formula 3-34 

Formula 3-35 

% 
N 2N. 

ski 

N21 

s 

-continued 

SX 
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Formula 3-36 

Formula 3-37 

Formula 3-38 

Formula 3-39 

Formula 3-40 
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Formula 3-41 

Formula 3-42 

Formula 3–43 

Formula 3-44 

Formula 3-45 

-continued 
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Formula 3-46 

Formula 3-47 

Formula 3-48 

Formula 3-49 

Formula 3-50 
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Formula 3-51 

Formula 3-52 

Formula 3-53 

Formula 3-54 

Formula 3-55 

-continued 
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Formula 3-56 

Formula 3-57 

Formula 3-58 

Formula 3-59 

Formula 3-60 
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Formula 3-61 

Formula 3-62 

Formula 3-63 

Formula 3-64 

Formula 3-65 

-continued 
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Formula 3-66 

Formula 3-67 

Formula 3-68 

Formula 3-69 

Formula 3-70 
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Formula 3-71 

Formula 3-72 

Formula 3-73 

Formula 3-74 

Formula 3-75 

-continued 
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Formula 3-76 

Formula 3-77 

Formula 3-78 

Formula 3-79 

Formula 3-80 
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Formula 3-81 

Formula 3-82 

Formula 3-83 

Formula 3-84 

Formula 3-85 

3)s. 

-continued 
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Formula 3-86 

Formula 3-87 

Formula 3-88 

Formula 3-89 
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Formula 3-90 

Formula 3-91 

Formula 3-92 

Formula 3-93 

Formula 3-94 

Z15 

N=( / 
N 2 N. 

Zla 

21 

-continued 
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Formula 3-95 

Formula 3-96 

Formula 3-97 

Formula 3-98 
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Formula 3-99 

Formula 3-100 

Formula 3-101 

Formula 3-102 

Formula 3-103 

Z15 

)=N \ 
N 2 N. 
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-continued 
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Formula 3-104 

Formula 3-105 

Formula 3-106 

Formula 3-107 

Formula 3-108 
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-continued 
Formula 3-109 

Formula 3-110 
Z15 

Q49 =N 
Q48 Na Z N 

ski 

Q47 21 

Q46 S X 
(Z2)ab3 

Formula 3-111 
R34a 

On : 
R345 ski 

o o1 

R34c. 

wherein in Formulae 3-1 to 3-111, 
0231 Z1. Z2. Zia. Zh. Z2a: Z2b Z2e. R34a R34b. and R34. 
may be each independently selected from 
0232 a hydrogen, a deuterium, —F. —Cl. —Br. —I, a 
hydroxyl group, a cyano group, a nitro group, an amino 
group, an amidino group, a hydrazine group, a hydraZone 
group, a carboxylic acid group or a salt thereof, a Sulfonic acid 
group or a salt thereof, a phosphoric acid group or a salt 
thereof. —SFs, a C-C alkyl group, and a C-C alkoxy 
group; 
0233 a C-C alkyl group and a C-C alkoxy group, 
each substituted with at least one selected from a deuterium, 

F. —Cl. —Br. —I, —CDs, —CDH. —CDH2, —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 
adamantanyl group, norbornanyl group, anorbornenyl group, 
a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl 
group, a phenyl group, a naphthyl group, a pyridinyl group. 
and a pyrimidinyl group; 
0234 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl group, a pyrenyl group, a chrysenyl group, apyrrolyl 
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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 
phenanthrolinyl group, a benzoimidazolyl group, a benzo 
furanyl group, a benzothiophenyl group, an isobenzothiaz 
olyl group, a benzoxazolyl group, an isobenzoxazolyl 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, and an imidazopyrimidinyl 
group; 

0235 a cyclopentyl group, a cyclohexyl group, a cyclo 
heptyl group, a cyclooctyl group, an adamantanyl group, 
norbornanyl group, a norbornenyl group, a cyclopentenyl 
group, a cyclohexenyl group, a cycloheptenyl group, a phenyl 
group, a naphthyl group, a fluorenyl group, a phenanthrenyl 
group, an anthracenyl group, a fluoranthenyl group, a triph 
enylenyl 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 
phenanthrolinyl group, a benzoimidazolyl group, a benzo 
furanyl group, a benzothiophenyl group, an isobenzothiaz 
olyl group, a benzoxazolyl group, an isobenzoxazolyl 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, and an imidazopyrimidinyl 
group, each Substituted with at least one selected from a 
deuterium, —F. —Cl. —Br. —I, —CDs —CDH. —CDH2, 
—OF —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-Co alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
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 imi 
dazolyl 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 iso 
quinolinyl group, a benzoquinolinyl group, a quinoxalinyl 
group, a quinazolinyl group, a cinnolinyl group, a carbazolyl 
group, a phenanthrolinyl group, a benzoimidazolyl group, a 
benzofuranyl group, a benzothiophenyl group, an isoben 
Zothiazolyl group, a benzoxazolyl group, an isobenzoxazolyl 
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl 
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group, a triazinyl group, a dibenzofuranyl group, a diben 
Zothiophenyl group, a benzocarbazolyl group, a dibenzocar 
bazolyl group, an imidazopyridinyl group, and an imidazopy 
rimidinyl group; and 
0236 —N(Q)(Q). —Si(Q)(Q)(Qs). —B(Q)(Q7), and 
—P(=O)(Q)(Q): 
0237 Q to Q and Q to Q may be each independently 
selected from 
0238 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0239 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0240 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 sec-pentyl 
group, a tert-pentyl group, and a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium and a C-C alkyl group, 
0241 aa2 and ab2 are each independently 1 or 2, 
0242 aa3 and ab3 are each independently selected from 1, 
2, and 3. 
0243 aa4 and ab4 may be each independently selected 
from, 1, 2, 3, and 4, and 
0244 * and each indicate binding sites to Min Formula 
1. 
0245 Z1. Z2. Zia. Zh. Z2a: Z2b Z2e. R34a R34b. and R34. 
in Formulae 3-1 to 3-111 may be each independently selected 
from 
0246 a hydrogen, a deuterium, —F. a cyano group, a nitro 
group, —SFs, 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 sec-pentyl group, a tert-pentyl 
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, a pentoxy group, a 
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, an adamantanyl, norbornanyl group, a 
norbornenyl, a cyclopentenyl group, a cyclohexenyl group, a 
cycloheptenyl group, a phenyl group, a naphthyl group, a 
pyridinyl group, and a pyrimidinyl group; 
0247 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 sec-pentyl group, a tert-pentyl 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 isooc 
tyl 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, a pentoxy group, a cyclo 
pentyl group, a cyclohexyl group, a cycloheptyl group, a 
cyclooctyl group, an adamantanyl group, norbornanyl group, 
a norbornenyl group, a cyclopentenyl group, a cyclohexenyl 
group, a cycloheptenyl group, a phenyl group, a naphthyl 
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group, a pyridinyl group, and a pyrimidinyl group, each Sub 
stituted with at least one selected from a deuterium, —F, 
CD, CDH. —CDH, —CF, —CFH, —CFH a 

cyano group, a nitro group, a C-Clo alkyl group, a C-Co 
alkoxy group, a cyclopentyl group, a cyclohexyl group, a 
cycloheptyl group, a cyclooctyl group, an adamantanyl 
group, norbornanyl group, a norbornenyl group, a cyclopen 
tenyl group, a cyclohexenyl group, a cycloheptenyl group, a 
phenyl group, a naphthyl group, a pyridinyl group, and a 
pyrimidinyl group; 

0249 Q to Q may be each independently selected from 
0250 CH, —CD, CDH. —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 
—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CD.CDH, and - CDCDH: 
0251 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0252 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium and a C-Co alkyl group, but embodiments are not 
limited thereto. 

0253) In some embodiments, L in Formula 1 may be 
selected from ligands represented by Formulae 3-1 (1) to 3-1 
(59) below and Formula 3-111 above: 

Formula 3-1(1) 
N 
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0254 For example, in Formulae 3-1 (1)to 3-1 (59) and For 
mula 3-1 11: 
0255 Z, Z2, Z Z, Z, Z, Z2, Z2, Z2, Z2, Rs4. 
Ra, and Rare each independently selected from a deute 
rium, —F. a cyano group, a nitro group. —SFs, —CH, 
CD —CDH, —CDH, CF, —CFH, —CFH - Si 

(Q)(Q)(Qs), groups represented by Formulae 9-1 to 9-17. 
and groups represented by Formulae 10-1 to 10-30, 
0256 Q to Qs may be each independently selected from 
0257 CH, —CD, CDH, —CDH, —CHCH 
—CHCD, —CHCDH, -CHCDH, -CHDCH, 

40 
Jun. 2, 2016 

—CHDCDH, -CHDCDH, -CHDCD – CDCDs, 
—CDCDH, and —CDCDH: 
0258 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group; and 
0259 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 sec-pentyl 
group, a tert-pentyl group, a phenyl group, and a naphthyl 
group, each Substituted with at least one selected from a 
deuterium and a C-Co alkyl group, and 
0260 
0261. In some embodiments, in Formula 1, M is Irand the 
sum of n1 and n2 is 3; or Mis Pt and the sum of n1 and n2 is 
2. 
0262 the organometallic compound represented by For 
mula 1 does not include an ionic group, and 
0263 L in Formula 1 may be selected from ligands rep 
resented by Formulae 2A-1 to 2A-16, 2AA-1, 2AA-2, 2AA 
3, 2AA-4, and 2AB, but embodiments are not limited thereto. 
0264. In some embodiments, in Formula 1, M is Irand the 
sum of n1 and n2 is 3; or Mis Pt and the sum of n1 and n2 is 
2. 
0265 the organometallic compound represented by For 
mula 1 does not include an ionic group, 
0266 L in Formula 1 is selected from ligands represented 
by Formulae 2A-1, 2A-5, 2AA-1 and 2AB, but embodiments 
are not limited thereto. 

0267. In some embodiments, in Formula 1, M is Irand the 
sum of n1 and n2 is 3; or Mis Pt and the sum of n1 and n2 is 
2, the organometallic compound represented by Formula 1 is 
neutral, L in Formula 1 is selected from ligands represented 
by Formulae 2A-1, 2A-5, 2AA-1, and 2AB, L, in Formula 1 
is selected from ligands represented by Formulae 3-1 to 3-111 
(for example, ligands represented by Formulae 3-1 (1) to 3-1 
(59) and 3-111), but embodiments are not limited thereto. 
0268. In some embodiments, in Formula 1, M is Irand the 
sum of n1 and n2 is 3; or Mis Pt and the sum of n1 and n2 is 
2. 
0269 the organometallic compound represented by For 
mula 1 does not include an ionic group, and 
(0270 L in Formula 1 is selected from ligands represented 
by Formulae 2A(1) to 2A(40), but embodiments are not lim 
ited thereto. 

0271. In some embodiments, in Formula 1, M is Irand the 
sum of n1 and n2 is 3; or Mis Pt and the sum of n1 and n2 is 
2. 
0272 the organometallic compound represented by For 
mula 1 does not include an ionic group, 
(0273 L in Formula 1 is selected from ligands represented 
by Formulae 2A(1) to 2A(40), and 
0274 L in Formula 1 is selected from ligands represented 
by Formulae 3-1 to 3-111 (for example, ligands represented 
by Formulae 3-1 (1) to 3-1 (59) and 3-111), but embodiments 
are not limited thereto 

0275 For example, the organometallic compound repre 
sented by Formula 1 may be one of Compounds 1 to 481 
below, but is not limited thereto. 

* and * are binding sites to M in Formula 1. 
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