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ORGANOMETALLIC 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 No. 10-2014-0169185, filed on
Nov. 28, 2014 and Korean Patent Applications No. 10-2015-
0103013, filed on Jul. 21, 2015, in the Korean Intellectual
Property Office, the contents of which are incorporated herein
in their entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to an organometallic
compound and an organic light-emitting device including the
same.

[0004]

[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 including
an emission layer disposed between the anode and the cath-
ode. 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 emis-
sion layer through the hole transport region, and electrons
provided from the cathode may move toward the emission
layer through the electron transport region. The holes and the
electrons recombine in the emission layer to produce exci-
tons. These excitons change from an excited state to a ground
state, thereby generating light.

[0007] Different types of organic light emitting devices are
known. However, there still remains a need in OLEDs having
low driving voltage, high efficiency, high brightness, and long
lifespan.

2. Description of the Related Art

SUMMARY

[0008] Provided are a novel organometallic 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 belearned by practice ofthe presented
exemplary embodiments.

[0010] According to an aspect of an exemplary embodi-
ment, an organometallic compound is represented by For-
mula 1:

ML a1 L2z Formula 1
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Formula 2
[SiRDR2)(R3)]es
Zh
_I_(Rll)bl
AN
i CY, _}_(Rlz)bz
[SiR4)Rs)Re)]ps-

[0011] M inFormulal is selected from Ir, Pt, Os, Ti, Zr, Hf,
Eu, Tb, Tm, and Rh,

[0012] L, in Fornmula 1 is selected from ligands repre-
sented by Formula 2, nl is 1, 2, or 3, provided that when
nl is 2 or greater, two or more groups L., are identical to
or different from each other,

[0013] L, in Formula 1 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, provided that when n2 is 2 or greater, two or
more groups L, are identical to or different from each
other,

[0014]
other,

[0015] CY, in Formula 2 is a C,-C, 4 condensed cyclic
ring 1) in which two to four unsaturated 6-membered
rings are condensed to each other and i) which option-
ally has N as a ring forming atom,

[0016] R, to Rg, R;;, and R, in Formula 2 are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, —SF;, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
a hydrazine group, ahydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a substituted or unsub-
stituted C,-Cy, alkyl group, a substituted or unsubsti-
tuted C,-Cy, alkenyl group, a substituted or unsubsti-
tuted C,-C4, alkynyl group, a substituted or
unsubstituted C,-C¢, alkoxy group, a substituted or
unsubstituted C5-C, , cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C5-C |, cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-

cyclic group, —Si(Q; )(Q,)(Q3), —N(Q,)(Q5), —B(Qy)

(Qy), and —P(=0)(Q3)(Qs),
[0017] Dbl,b2,b5, and b6 in Formula 2 are each indepen-

dently an integer selected from 0 to 4, provided that the
sum of b5 and b6 is 1 or greater,

[0018] eachof * and *' in Formula 2 is a binding site to M
in Formula, and

[0019] at least one of substituents of the substituted
C,-C¢ alkyl group, substituted C,-C, alkenyl group,
substituted C,-Cy, alkynyl group, substituted C,-Cy,
alkoxy group, substituted C,-C,, cycloalkyl group, sub-

L, and L, in Formula 1 are different from each
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stituted C,-C,, heterocycloalkyl group, substituted
C;-C, cycloalkenyl group. substituted C,-C,, hetero-
cycloalkenyl group, substituted C4-C, aryl group, sub-
stituted Cy-Cy, aryloxy group, substituted C,-Cg,
arylthio group, substituted C,-Cg, heteroaryl group,
substituted monovalent non-aromatic condensed poly-
cyclic group, and substituted monovalent non-aromatic
condensed heteropolycyclic group is selected from

[0020] deuterium, —F, —Cl, —Br, —I, —CD,,
—CD,H, —CDH,, —CF;, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cq,
alkynyl group, and a C,-Cy, alkoxy group;

[0021] a C,-Cq, alkyl group, a C,-Cy, alkenyl group, a
C,-Cy alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, —CD,;, —CD,H, —CDH,,
—CF,, —CF,H, —CFH.,, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C5-C,,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group,
a Cy-Cq, aryl group, a C-Cy, aryloxy group, a Co-Cy,
arylthio group, a C;-Cg, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group,
—Si(Qu)Q12)Q13), —N(Q)Q15); —BQ16)(Q17):
and —P(—0)(Q,)(Q;0):

[0022] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C4-Cp aryl group, a C4-C,
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

[0023] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cq, aryl group, a Co-Ce,
aryloxy group, a C¢-Cg,, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CD,,—CD,H,—CDH,,—CF,,—CF,H,—CFH,,a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
Zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-C, alkoxy group, a C;-C,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-Cy, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, aCy-Cg, aryl group, a Cy-C aryloxy group,
a Cy-Cy, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic
group, —Si(Q;)(Q2,)(Qa3); —N(Q24)(Qa5), —B(Q26)
(Q27) and —P(=0)(Q25)(Q25); and
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[0024]  —Si(Q5,)(Q32)(Qs3), —N(Q34)(Qas), —B(Qs0)
(Qs7). and —P(=0)(Q35)(Q30)s
[0025]  wherein Q, t0 Qy, Qy; 10 Q; 6, Q;; 10 Qa9,and Qs
to Q;, are each independently selected from hydrogen,
deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric acid or a salt thereof, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-Cg,, alkynyl group, a substituted or
unsubstituted C,-Cg, alkoxy group, a substituted or
unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted orunsubstituted C,-C,, cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-C, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or unsub-
stituted monovalent non-aromatic condensed het-
eropolycyclic group.
[0026] According to an aspect of another exemplary
embodiment, an organic light-emitting device includes:

[0027] afirst electrode;
[0028] a second electrode; and
[0029] an organic layer disposed between the first elec-

trode and the second electrode,

[0030] wherein the organic layer includes an emission
layer and at least one organometallic compound repre-
sented by Formula 1.

[0031] The emission layer may include the organometallic
compound.
[0032] Theorganometallic compoundincluded in the emis-

sion layer may act as a dopant and the emission layer may act
as a host.

BRIEF DESCRIPTION OF THE DRAWING

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

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.
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[0035] It will be understood that when an element is
referred to as being “on” another element, it can be directly in
contact with the other element or intervening elements may
be present therebetween. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present.

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

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

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

[0039] 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 general inventive concept belongs. It will be fur-
ther understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of
the relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0040] “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, consideting the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0041] 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.
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[0042] An organometallic compound according to an
exemplary embodiment is represented by Formula 1:

ML) Lo)

[0043] MinFormula 1 may be selected from iridium (Ir),
platinum (Pt), osmium (Os), titanium (Ti), zirconium
(Zr), hafnium (Hf), europium (Eu), terbium (Tb), thu-
lium (Tm), and rhodium (Rh).

[0044] For example, M in Formula 1 may be selected from
iridium, platinum, osmium, and rhodium.

[0045] Inanembodiment, M in Formula 1 may be selected
from iridium and platinum, but is not limited thereto.

[0046] L, in Formula 1 may be selected from ligands rep-
resented by Formula 2, nl is 1, 2, or 3, provided that when nl
is 2 or greater, two or more groups L, may be identical to or
different from each other.

Formula 1

Formula 2
[SiRDR2)(R3)]o5

2

T ®River

CY) ——Rp)n

i
s

[SiRe}(Rs)(Re)los

[0047] L, in Formula 1 may be selected from a monovalent
organic ligand, a divalent organic ligand, a trivalent organic
ligand, and a tetravalent organic ligand, n2 may be 0, 1, 2, 3,
or 4, provided that when n2 is 2 or greater, two or more groups
L, may be identical to or different from each other.

[0048] L, and L, in Formula 1 may be different from each
other.
[0049] For example, nl in Formula 1 may be 1 or 2, but is

not limited thereto.

[0050] In some embodiments, the organometallic com-
pound represented by Formula 1 may not be a salt consisting
of an ion pair, but be neutral.

[0051] Inanembodiment, M in Formula 1 may be Ir and the
sum of nl and n2 may be 3; or M is Pt, the sum of nl and n2
may be 2, and the organometallic compound represented by
Formula 1 may be neutral.

[0052] CY,inFormula2may beaC,-C,, condensed cyclic
ring 1) in which two to four unsaturated 6-membered rings are
condensed to each other and ii) which optionally has nitrogen
(N) as a ring forming atom.

[0053] For example, CY, in Formula 2 may be selected
from a naphthalene, a phenanthrene, an anthracene, a triph-
enylene, a pyrene, a chrysene, a naphthacene, a tetraphene, a
tetracene, a quinoline, an isoquinoline, a benzoquinoline, a
phthalazine, a naphthyridine, a quinoxaline, a quinazoline, a
cinnoline, a phenanthridine, an acridine, a phenanthroline,
and a phenazine.

[0054] In an embodiment, CY, in Formula 2 may be
selected from a naphthalene, a phenanthrene, an anthracene,
a triphenylene, a pyrene, a chrysene, a naphthacene, a tet-
raphene, and a tetracene.

[0055] Insome embodiments, CY, in Formula 2 may be a
triphenylene, but is not limited thereto.
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[0056] R, to Rg, R,;, and R,, in Formula 2 may be each
independently selected from hydrogen, deuterium, —F, —Cl,
—Br, —I, —SF, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a substituted or unsubstituted C,-C, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C,-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubstituted
C,-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-C, aryl group, a substituted or unsubstituted C4-Cq,
aryloxy group, a substituted or unsubstituted C-Cy, arylthio
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropolycyclic

group, —Si(Q;)(Q,)(Qs), —N(Q,)Q5), —B(Q4)(Q,), and
—P(=0)Q3)(Qo)-

[0057] Forexample,R,, andR,, in Formula 2 may be each
independently selected from

[0058] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or a
salt thereof, a phosphoric acid or a salt thereof, —SFs, a
C,-C,, alkyl group, and a C, -C,,, alkoxy group;

[0059] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from 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 or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-C,, alkyl group, a cyclopentyl group, a cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, an
adamantanyl (adamantyl) group, a norbornanyl (norbornyl)
group, a norbornenyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a cycloheptenyl group, a phenyl group, a
naphthyl group, a pyridinyl group, and a pyrimidinyl group;

[0060] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group, a
norbornanyl group, a norborneny! 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
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group, a benzocarbazolyl group, a dibenzocarbazolyl group,
an imidazopyridinyl group, and an imidazopyrimidinyl
group;

[0061] a cyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group, a
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 deu-
terium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt thereof,
a sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, acyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, an adamantanyl group, a 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 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 phenanthroli-
nyl group, a benzoimidazolyl group, a benzofuranyl group, a
benzothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl group,
a tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imidazopy-
ridinyl group, and an imidazopyrimidinyl group; and

[0062] —B(Qs)Q;) and —P(=0)Qs)(Q,);

[0063] wherein Qg to Q, are each independently selected
from

[0064] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,

—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
—CHDCD,H,  —CHDCDH,,  —CHDCD,,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

[0065] 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

[0066] 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 deuterium, a C,-C,, alkyl group, and a
phenyl group.

[0067] In some embodiments, R, and R, in Formula 2

may be each independently selected from

[0068] hydrogen, deuterium, —F, a cyano group, a nitro
group, —SF, a methyl group, an ethyl group, an n-pro-
pyl 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 group, a 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 pyri-
midinyl group;

[0069] 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 group, a norbornanyl
group, a norbornenyl group, a cyclopentenyl group, a
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[0072] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH;,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,(CD,, —CD,CD,H, and —CD,CDH,;

[0073] 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

[0074] 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 deuterium, a C,-C,, alkyl group, and a
phenyl group.

[0075] Insomeembodiments, R, to RsinFormula 2 may be
each independently selected from

[0076] a C,-C,, alkyl group, a phenyl group, and —Si
(Q(Q2)(Q5); and

[0077] a C,-C,, alkyl group and a phenyl group, each
substituted with atleast one selected from deuterium and
aC,-C,, alkyl group,

[0078] wherein Q, to Q, are each independently selected
from

[0079] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCHj,,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

[0080] 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

[0081] 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 deuterium, a C,-C,, alkyl group, and a
phenyl group.

[0082] In Formula 2,

[0083] R, to R, may all be identical,

[0084] R, and R, may be identical to each other and R,
and R, may be different from each other; or

[0085] R, to R, may all be different, and

[0086] R, to R, may all be identical;

[0087] R, and Ry may be identical to each other and R,
and R, may be different from each other; or

cyclohexenyl group, a cycloheptenyl group, a phenyl [0088] R, to R, may all be different from each other.

gr%gp, la naphthyl gr%up, %I)tytﬁflgyl gi i) uP’t a?d atpyrl- [0089] Inanembodiment,R;; andR,,inFormula2 may be
mll Htly d gfroup, gact Substt % Wi ClDa fé])oge each independently selected from hydrogen, deuterium, —F,
ig)% ioglp Tcegugl ’ ;F’H 7a cyz’no arou ; Z’l a cyano group, a nitro group, —SF,, —CH,, —CD,,
nitro grf),up a é -C Zlk,vl groupz, aC,-C alko;(y —CD,H, —CDH,, —CF,, —CI,H, —CFH,, groups repre-

’ 110 S ° 110 sented by Formulae 9-1 to 9-19, and groups represented by
group, a cyclopentyl group, a cyclohexyl group, a cyclo- Formulae 10-1 to 10-38

heptyl group, a cyclooctyl group, an adamantanyl group, [0090] R, to RyinFormula 2 may be each independently
a norbornanyl group, a norbornenyl group, a cyclopen- selected from

tenyl groulli, alcyclohexenyl ﬁgilmip, a cyclohep(tfny:i [0091] —CH, —CD,,—CD,H, —CDH,, —CH,CH,,
N St thy PR ~ CH,CD,, — CH,CD,H, —CH,CDH,, —CHDCH,,
BOUp, anc.a pyrimiiny” group; an _CHDCD,H,  —CHDCDH,,  —CHDCD,,
[0070] —B(Qs)(Q;) and —P(=0)(Qe)(Qs). —CD,CD;, —CD,CD,H, and —CD,CDH,;
[0071] wherein Q,to Q, are each independently selected [0092] an n-propyl group, an isopropyl group, an n-butyl
from 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- _continued
pentyl group a tert-pentyl group, a phenyl group, and Formula 9-9

—31(Q)(Q2)(Q5); and

[0093] 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,
each substituted with at least one selected from a deute-
rium and a C,-C,, alkyl group,

Formula 9-10

%

Formula 9-11

[0094] wherein Q, to Q, are each independently selected
from

[0095] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,
— CH,CD;, —CH,CD,H, —CH,CDH,, —CHDCH,,
—CHDCD,H, ~ —CHDCDH,,  —CHDCD,,
—CD,CD;, —CD,CD,H, and —CD,CDH,;

%

Formula 9-12

%

Formula 9-13

%

[0096] an n-propyl group, an isopropyl group, an n-butyl ’ Formula 9-14
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 “ Formula 9-15

*
d o
S ¥

o
&

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

*
wr) o)
o

o
S

Formula 9-16

*
]
v
g o
y ¥

phenyl group:
CD;j
Formula 9-17
Formula 9-1 nop
® CDs
*
Formula 9-2 D
CD3
* Formula 9-18
Formula 9-3 CD;
*
CDj
* Formula 9-19

%

Formula 9-4

%

Formula 10-1
Formula 9-5

%
*

Formula 9-6 Formula 10-2

Formula 9-7

Formula 10-3

*

Formula 9-8

*

2R
BORORa

%
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*

(S O D QO

*

*

-continued

Formula 10-4

Formula 10-5

Formula 10-6

Formula 10-7

Formula 10-8

Formula 10-9

Formula 10-10

Formula 10-11

Formula 10-12

Formula 10-13

Formula 10-14
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-continued
Formula 10-15
F
/©/F
*
Formula 10-16
: CN
*
Formula 10-17
NC: :
*
Formula 10-18
*
F
Formula 10-19
*
: | :
Formula 10-20
*
/EX B){)\
Formula 10-21
*
[ j/ ﬁ\[ j
’
Formula 10-22
®
P,
0
Formula 10-23
*

%
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-continued

*

%

%

%

* E 195) *

%

St

Formula 10-24

Formula 10-25

Formula 10-26

Formula 10-27

Formula 10-28

Formula 10-29

Formula 10-30

Formula 10-31

Formula 10-32
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-continued

Formula 10-33
*

Formula 10-34
' '

Formula 10-35
*

Formula 10-36
*{

Formula 10-37
*

Formula 10-38

* in Formulae 9-1 to 9-19 and 10-1 to 10-38 is a binding site to a neighboring atom.

[0098] bl inFormula 2 indicates the number of groups R,
and is an integer selected from 0 to 4. When b1 is 2 or greater,
two or more groups R, may be identical to or different from
each other.

[0099] b2 inFormula 2 indicates the number of groups R ; 5,
and is an integer selected from 0 to 4. When b2 is 2 or greater,
two or more groups R,, may be identical to or different from
each other.

[0100] b5 in Formula 2 indicates the number of groups
*—[Si(R))(R,)(R;)], and is an integer selected from 0 to 4.
When b5 is 2 or greater, two or more groups *—[Si(R,)(R,)
(R;)] may be identical to or different from each other. For
example, b5 may be 1, 2, or 3, or may be 1.

[0101] b6 in Formula 2 indicates the number of groups
*—[SI(R,)(R5)(R,)], and is an integer selected from 0 to 4.
When b6 is 2 or greater, two or more groups *—[Si(R,)(Rs)
(Rg)] may be identical to or different from each other. For
example, b6 may be 0, 1, or 2, or may be 0.

[0102] The sum of b5 and b6 in Formula 2 may be 1 or
greater.
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[0103] Inan embodiment, in Formula 2, b3 may be 1 or 2
and b6 may be 0 or 1, but they are not limited thereto.
[0104] Each of* and *'in Formula 2 indicates a binding site
to M in Formula 1.

[0105] Inanembodiment, L, in Formula 1 may be selected
from ligands represented by Formula 2(1):

Formula 2(1)
SiRp(R2)(Rs)
Z |
T R
PN

P CY—Rps

[0106] Descriptions of CY,,R, to R5,R,;, R, b1, and b2
in Formula 2(1) are the same as presented above, and each of
* and *' indicates a binding site to M in Formula 1.

[0107] In some embodiments, [, in Formula 1 may be
selected from ligands represented by Formulae 2-1 to 2-47:

) ) Formula 2-1
[SiR)R)(R3)]p5

e

PAAN

] ) Formula 2-2
[SiR)R)(R3)]o5

|_(R11)b1

2 x,
|

Xy
N Xs
Il

X X4
\X3/

Formula 2-3

[SiRDR)R3)]o5

%

= Rine

-continued

[SIRDRIR3)]ss
&

|_(R11)b1

[SiR)R)R3)]s5

K\/j:—mum

AN

Xg Xy
= X X,
| |
Xis Z 2Xs
i S

*!

[SiRDR)R3)]os

A
K\ T_(Rll)bl
N X7

[SiR)R)R3)]o5

|_(R11)i;1
N
P
*
!
~ Xg
Xy |
™ X
|)|(
3
)l(l
3255
Xy
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Formula 2-4

Formula 2-5

Formula 2-6

Formula 2-7
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*

*f

-continued

[Si(RDR2)R3)]5

[Si(R1)(Ra)(Ra) ]os

K\/jl—a{u)“

AN

7 %,

*

-~

[Si(RDR)(R3)]55

NC_

|
| Riper

10
-continued
Formula 2-8
[SIRDR)R3)]ss
&
R
Formula 2-9

[Si(RDR2)R3)]p5

AN
(\T_(Rll)bl
N

®/

Formula 2-10

[SiRDR2)(Rs3)]bs
|

T Rinal

Formula 2-11
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Formula 2-12

Formula 2-13

Formula 2-14
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-continued

[SIR DR2)R3)]b5

(\l‘Rll)bl

[Si(R)R2)(R3)]os

|_(R11)b1
AN
|
Xy Z Z X
SN N N
[Sl(Rl)(Rz R3)]bs
- Riu
N\
X7
< ||
0N Xs

RiDsr [SiRDR)R3)]ps
2N

11

Formula 2-15

Formula 2-16

Formula 2-17

Formula 2-18

Formula 2-19

/[Si(Rl)(Rz)(Rs)]bs
K\}(Rll)bl
[SI(RI)(R’)(R3)]I75
- Rine1
= XIO
X ')'<
X7 2 | N ]
|
Xia X
x¢ Xf !
[SIRDRYR3)]
!
R
PAAN

X3

Il
X

-continued

[SiR)R2)R3)les

Rl

F

Z Xio
X
. X
|)|<
8
X3 N
X7
NP
5
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Formula 2-20

Formula 2-21

Formula 2-22

Formula 2-23
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-continued

[SiRDR2)(Rs3)]55
A
:_(Rll)bl
N

*t

= X0

Xig | .
9
|)|(
3

X3 N

Il
7

%, Il
S

[SIRDR)R3)]s5

[SIRDR)R3)]s5

(\/jl—a{u)m

PR

\

*
®

\

X0
X a <
9

X

N X

X3
j)\x

7

L1

\ 6
\XS/

12

Formula 2-24

[SiRDR2)R)]es

s

|
*/N\

Z X0

Xl\

[SiRDRR3)]o5

A

Formula 2-25
e AN
*

Pl

7 Xio

[SiR DR (R3)]s5

.
(\T_(Rll)
A

= X0
N |

N
* /
Formula 2-26
w0
X

1

[SiRDR)R3)]e5

o
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Formula 2-27

Formula 2-28

Formula 2-29

Formula 2-30
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13
-continued -continued
. Formula 2-31 Formula 2-35
[SiR)(R2)(R3)]p5 [SiRDRL)R5)]s
&
Rip)e1 I_(Rll)bl
= X0
Il
X9
Xj
|
Xs
X5 7
Formula 2-32 | X
[SIR)(Ro)R3)]ss X; 2
7 /m I
S Rida X“\Xfxs
Formula 2-36
[SiIRDRIR3)]bs
&
R
Formula 2-33
[SIRDR)R3)]ps
)b1
Formula 2-37
[SiRDR2)R3)]b5
= R

Formula 2-34
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-continued

[Si(R)R2)R3)]es

A

_(Rll)bl

[SiIRDRR3)]es

(\ R
NS
7

®

X
X N

XZW/IXS‘\X
7
[
X3\\X4 2%

SNRl)(Rz)(Rs)]

[Si(R)R2)R3)]es

A

|_(R11)b1

14

-continued

Formula 2-38

[SiRR2)(R3)]p5

)

/(Rll)bl

[Sl(Rl)(Rz)(Rs)]bs

A

|_(R11)ol

Formula 2-39

Formula 2-40

[SIRDRIR3)]55

o

N
* / \
Formula 2-41 #
= Xio

X | Xy

X Xs
|r
2%

X3 X7

I

X 2Xs
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Formula 2-42

Formula 2-43

Formula 2-44

Formula 2-45



US 2016/0164012 Al

-continued
Formula 2-46
[SiRDR2)(R3)]es
]
|_(R11)b1
X0
Il
X Xo
X7
|
Xy |)|<8
Xs\\X 6/X7
Formula 2-47
[SiRDR)(R3)]35-
s
|_(R11)b1
*/N\
o Xe
\\X7
|
2 Xs
Xi X5
I
X2 Z
\Xz/
[0108] In Formulae 2-1 to 2-47,
[0109] descriptions of R, to R;, R, and b1 are the same

as presented above,

[0110] b5 may be 1, 2, or 3,

[0111] X, may be N or C(R,,), X, may be N or C(R,,),
X, may beNor C(R,;), X, may be N or C(R,,). X5 may
be Nor C(R,5), Xsmay be N or C(R,;), X, may be N or
C(R,,), Xy may be N or C(R,4), Xy may be N or C(R,),
X,, may be N or C(R;,),

[0112] descriptions of R, to R, are understood by refer-
ring to the descriptions of R ,, and

[0113] each of * and *' indicates a binding site to M in
Formula 1.

[0114] Inanembodiment,in Formulae 2-1to 2-47. X, may
be C(R,,), X, may be C(R,,), X, may be C(R,;), X, may be
C(R,,), X5 may be C(R,;), X may be C(R,,), X, may be
C(R,,), Xgmaybe C(R,), X, may be C(R,,), and X, , may be
C(R,).
[0115]

[0116]
from

[0117] a hydrogen, deuterium, —F, a cyano group, a
nitro group, —SF,, 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

For example, in Formulae 2-1 to 2-47,
R,, to Ry, may be each independently selected
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group, a butoxy group, a pentoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, an adamantanyl group, a 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 pyri-
midinyl group;

[0118] 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-nony! 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 group, a 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 pyri-
midinyl group, each substituted with at least one
selected from deuterium, —F, —CD,, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a cyano group, a
nitro group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, acyclopentyl group, a cyclohexy! group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group,
a 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

[0119]  —B(Qe)(Q;) and —P(=0)(Q5)(Qy),

[0120] wherein Q. to Q, are each independently selected
from

[0121] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,

—CH,(CD,, —CH,CD,H, —CH,CDH,, —CHDCH;,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,(CD,, —CD,CD,H, and —CD,CDH,;

[0122] 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 an n-propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a sec-butyl
group, atert-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 deuterium, a C,-C, , alkyl group,
and a phenyl.

[0123] In some embodiments, in Formulae 2-1 to 2-47,

[0124] R,, to R,, may be each independently selected
from hydrogen, deuterium, —F, a cyano group, a nitro
group, —SF,, —CH;, —CD,, —CD,H, —CDH,,,
—CF,, —CF,H, —CFH,, groups represented by For-
mulae 9-1 to 9-19, and groups represented by Formulae
10-1 to 10-38, and

[0125] R, to R, may be each independently selected
from
[0126] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,

— CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
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—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,CD,;, —CD,CD,H, and —CD,CDH,;

[0127] 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
—Si(Q,)(Q2)(Q5); and

[0128] ann-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,
each substituted with at least one selected from deute-
rium and a C,-C, , alkyl group,

[0129] wherein Q, to Q, are each independently selected
from

[0130] —CH,,—CD,,—CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCHj,,
—CHDCD,H, —CHDCDH,, —CHDCD,,
—CD,CD,;, —CD,CD,H, and —CD,CDH,;

[0131] ann-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

[0132] 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 deuterium, a C,-C,, alkyl group, and a
phenyl group, but they are not limited thereto.

[0133] In some embodiments, L, in Formula 1 may be
selected from ligands represented by Formula 2BA:

Formula 2BA

SI(RJ)(RZ) R3)]es

Ry

Ry
[0134] In Formula 2BA,
[0135] descriptions of R, to R5, R, ;, and b1 are the same

as presented above,

[0136] b5 may be an integer selected from 1 to 4 (for
example, b5 is 1 or 2),

[0137] descriptions of R, ,, to R, are the same as pre-
sented in connection with R, ,, and

[0138] each of * and *' indicates a binding site to M in

Formula 1.
[0139] In some embodiments, L, in Formula 1 may be
selected from ligands represented by Formula 2BA(1):
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Formula 2BA(1)

SiR)(R2)(Rs)

H\ Riper

Ry

Ryge
[0140] In Formula 2BA(1),
[0141] descriptions of R, to R5, R, , and b1 are the same

as described above,
[0142] descriptions of R,,, to R, ,, are the same as pre-
sented in connection with R ,, and
[0143] each of * and *' indicates a binding site to M in
Formula 1.
[0144] In some embodiments, L, in Formula 1 may be
selected from ligands represented by Formulas 2BA-1 to
2BA-5, but is not limited thereto:

) Formula 2BA-1
SiR;)(Ry)(Rs)

Formula 2BA-2
Si(RD(Ro)(R3)

%\/R“
|

\
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-continued
Formula 2BA-3
SiRJ(R2)(R3)
/
NN
"
O Rz
] Formula 2BA-4
SiR ) (Ry)(Rs)
/
AN
Y
" Ry,
Formula 2BA-5

Rz

[0145] Descriptions of R, to R;, R;;, and R, in Formulae
2BA-1 to 2BA-5 are the same as presented above, provided
that each of R, ; and R, is not hydrogen and each of * and *
indicates a binding site to M in Formula 1.
[0146] For example, in Formulae 2BA-1 to 2BA-5,
[0147] R,,andR,, areeach independently selected from
[0148] deuterium, —F, a cyano group, a nitro group,
—SF, 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

Jun. 9, 2016

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 group, a 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 pyri-
midinyl group;

[0149] a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, an n-pentyl
group, an isopentyl group, a 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 group, a 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 pyri-
midinyl group, each substituted with at least one
selected from deuterium, —F, —CD,;, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a cyano group, a
nitro group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a cyclopentyl group, a cyclohexy! group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group,
a 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

[0150]  —B(Qe)(Q;) and —P(=0)Qg)(Qy),

[0151] Qg4 to Q, may be each independently selected
from

[0152] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,CD;, —CD,CD,H, and —CD,CDH,;

[0153] 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

[0154] 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 deuterium, a C,-C,, alkyl group, and a
phenyl group,

[0155] R, to R, may be each independently selected
from
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[0156] —CH,,—CD,,—CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH;,
—CHDCD,H, —CHDCDH,, —CHDCD,,
—CD,(CD,, —CD,CD,H, and —CD,CDH,;

[0157] ann-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 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 deuterium, a C,-C, , alkyl group,
and a phenyl group, and

[0158] each of * and *' indicates a binding site to M in
Formula 1.

[0159] L, in Formula 1 may be selected from ligands rep-
resented by Formulae 3A to 3G:

Formula 3A

Formula 3B

Formula 3C

Formula 3D

Formula 3E

Formula 3F
Rayr
X '/' ‘\‘\X
12a 125
/
* okl

Formula 3G
Rssp Rise

Rasq Risa

Xiza Xizp

[0160] In Formulae 3A to 3G,

[0161] Y,,toY,,may beeachindependently carbon (C) or
nitrogen (N), Y, and Y, , may be connected to each other via
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asingle bond ora double bond, Y | ; andY, , may be connected

to each other via a single bond or a double bond, Y, s and Y, ¢

may be connected to each other via a single bond or a double
bond,

[0162] CY, to CY5 may be each independently selected

from a C5-Cg, carbocyclic group, and a C,-Cyg, heterocyclic

group,

[0163] al to a3 may be each independently an integer
selected from 1 to 5,

[0164] A, is PorAs,

[0165] X4 Xy1ps Xyoa Xip X340 and X5, may be
each independently selected from N, O, N(R,,), P(R,;)
(Rs), and As(Rs)(Rs5) (provided that X, X5, X 3,5
and X, ;, are neither N nor O),

[0166] R;;. and R,,. may be each independently
selected from a single bond, a double bond, a substituted
or unsubstituted C,-C; alkylene group, a substituted or
unsubstituted C,-C alkenylene group, and a substituted
or unsubstituted C,-C |, arylene group,

[0167] Z, 10 Z3,R;), Ryn Rynp Ranea Ryzan Raspy Ryg 10
Rsgs Risas Risys Ry, and Ry, may be each indepen-
dently selected from hydrogen, deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a substituted or unsubstituted
C,-Cq alkyl group, a substituted or unsubstituted
C,-Cqo alkenyl group, a substituted or unsubstituted
C,-Cqo alkynyl group, a substituted or unsubstituted
C,-Cq, alkoxy group, a substituted or unsubstituted
C,-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C4-Cq, aryl group, a substituted
or unsubstituted C4-Cg, aryloxy group, a substituted or
unsubstituted C,-C,,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, —Si(Q)(Q,)(Q5), —N(Q,)(Qs), —BQ4)(Q,).
and —P(=0)(Q;)(Q).

[0168] each of * and *' indicates a binding site to M in
Formula 1, and

[0169] at least one of substituents of the substituted
C,-C; alkylene group, substituted C,-C alkenylene
group, substituted C4-C,, arylene group, substituted
C,-Cq alkyl group, substituted C,-Cg, alkenyl group,
substituted C,-C, alkynyl group, substituted C,-Cy,
alkoxy group, substituted C,-C,, cycloalkyl group, sub-
stituted C,-C,, heterocycloalkyl group, substituted
C;-C,, cycloalkenyl group, substituted C,-C,, hetero-
cycloalkenyl group, substituted C4-C, aryl group, sub-
stituted Cg-Cgy, aryloxy group, substituted Cg-Co
arylthio group, substituted C,-Cg, heteroaryl group,
substituted monovalent non-aromatic condensed poly-
cyclic group, and substituted monovalent non-aromatic
condensed heteropolycyclic group may be selected from

[0170] deuterium, —F, —Cl, —Br, —I, —CD;,
—CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
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zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group;

[0171] a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a
C,-Cg alkynyl group, and a C,-Cy, alkoxy group, each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-Ci,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group,
a Cy-Cq, aryl group, a C-Cy, aryloxy group, a Co-Cy,
arylthio group, a C,-Cy, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group,

—Si(Qu)Q12)Q13), —NQ1)Q15): —BQ1)Q):
and —P(=0)(Q,5)(Q;):

[0172] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cep aryl group, a C4-Cg,
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

[0173] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cq, aryl group, a C-Cy,
aryloxy group, a C,-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyelic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from deuterium, —F, —C1, —Br, —I,
—CD,,—CD,H,—CDH,,—CF,,—CF,H,—CFH,,a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cq,
alkynyl group, a C,-Cy, alkoxy group, a C;-C,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cy, aryl group, a C4-C g, aryloxy group,
a C4-Cg,, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic
group, *Si(Q21)(Q22)(Q23)5 *N(Q24)(Q25), *B(Q%)
(Q27), and —P(=0)(Q,5)(Q9); and

[0174]  —Si(Q3,)(Q32)(Qs3), —N(Q34)(Qs5), —B(Qs6)
(Qs5), and —P(=0)(Q12)(Qs5),

[0175]  wherein Q, to Qo, Qy; 10 Qy0, Q1 10 Q0. and Q5

to Q;, are each independently selected from hydrogen,

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a

cyano group, a nitro group, an amino group, an amidino

group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,

a phosphoric acid or a salt thereof, a substituted or

unsubstituted C,-Cg, alkyl group, a substituted or

unsubstituted C,-Cg,, alkenyl group, a substituted or
unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C,-C¢, alkoxy group, a substituted or

19
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unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C5-C, , cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C-Cy, aryloxy group, a
substituted or unsubstituted C4-Cq, arylthio group, a
substituted or unsubstituted C,-Cg,, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or unsub-
stituted monovalent non-aromatic condensed het-
eropolycyclic group.
[0176] CY, to CY5 in Formulae 3A and 3B may be each
independently selected from a cyclopentadiene, a benzene, an
indene, 1,2,3,4-tetrahydronaphthalene, a naphthalene, an
azulene, a heptalene, an indacene, an acenaphthylene, a fluo-
rene, a spiro-bifluorene, a benzofluorene, a dibenzofluorene,
aphenalene, a phenanthrene, an anthracene, a fluoranthene, a
triphenylene, a pyrene, a chrysene, a naphthacene, a picene, a
perylene, a pentacene, a hexacene, a rubicene, a coronene, an
ovalene, a pyrrole, an isoindole, an indole, an indazole, a
pyrazole, an imidazole, a triazole, an oxazole, an isoxazole,
an oxadiazole, a thiazole, an isothiazole, a thiadiazole, a
purine, a pyridine, a pyrimidine, a pyrazine, a pyridazine, a
triazine, a 5,6,7 8-tetrahydroquinoline, a 5,6,7,8-tetrahy-
droisoquinoline, a quinoline, an isoquinoline, a benzoquino-
line, a phthalazine, a naphthyridine, a quinoxaline, a quinazo-
line, a cinnoline, a phenanthridine, an acridine, a
phenanthroline, a phenazine, a benzoimidazole, a benzofu-
ran, a benzothiophene, an isobenzothiazole, a benzoxazole,
an isobenzoxazole, a benzocarbazole, a dibenzocarbazole, an
imidazopyridine, an imidazopyrimidine, a dibenzofuran, a
dibenzothiophene, a dibenzothiophene sulfone, a carbazole, a
dibenzosilole, a benzofuropyridine, and a benzothienopyri-
dine.
[0177] Inanembodiment, L, in Formula 1 may be selected
from ligands represented by Formula 3A, 3B, and 3F,

[0178] Y, in Formula 3A may be nitrogen,
[0179] Y,,toY,,in Formula 3A may be carbon,
[0180] CY, in Formula 3A may be selected from a pyri-

dine, a 5,6,7,8-tetrahydroquinoline, a 5,6,7,8-tetrahy-
droisoquinoline, a quinoline, and an isoquinoline,

[0181] CY, in Formula 3A may be selected from a ben-
zene, 1,2,3,4-tetrahydronaphthalene, a naphthalene, a
fluorene, a dibenzofuran, a dibenzothiophene, a benzo-
furopyridine, and a benzothienopyridine,

[0182] Y5 in Formula 3B may be carbon,

[0183] Y, in Formula 3B may be nitrogen,

[0184] CY, in Formula 3B may be a pyridine or a pyri-
midine,

[0185] Z, to Z; in Formulae 3A and 3B may be each

independently selected from

[0186] a hydrogen, deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
—SF;, aC,-C,,alkyl group, anda C, -C, alkoxy group;

[0187] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deute-
rium, —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
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or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C ; alkyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a not-
bornanyl 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;

[0188] acyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group,
a 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 phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chryseny! 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 inda-
zolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzoimi-
dazolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group;

[0189] acyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group,
a 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 phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chryseny! 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 inda-
zolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzoimi-
dazolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group, each substituted with at least one selected from
deuterium, —F, —CI, —Br, —I, —CD;, —CD,H,
—CDH,,—CF,,—CF,H,—CFH,, ahydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C, -C,, alkyl group,

20

[0201]
selected from ligands represented by Formulae 3-1 to 3-111:
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a C,-C,, alkoxy group, a cyclopentyl group, a cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, an
adamantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopenteny! group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
afluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthrolinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group. a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, and an imidazopyri-
midinyl group; and

[0190]  —Si(Q)(Qx)(Qs), —N(Qu)(Qs), —BQe)Q);
and —P(=0)(Qs)(Q),

[0191] al to a3 may be each independently an integer
selected from 0 to 4,

[0192] from among groups Z, in the number of al,
groups Z, in the number of a2, and groups Z; in the
number ofa3, two or more neighboring substituents may
be optionally bonded to form a Cs-Cs, carbocyclic
group or a C,-C,, heterocyclic group, and

[0193]
from

[0194] —CH, —CD,,—CD,H, CDH,,CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
—CHDCD,H,  —CHDCDH,,  —CHDCD,,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

[0195] 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

[0196] 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,-C, , alkyl group;

[0197]
[0198]
[0199]

[0200] a C,-C, alkenylene group, substituted with at
least one selected from deuterium, a C,-C,, alkyl group,
aC,-C,, alkoxy group, and a phenyl group, but they are
not limited thereto.

Q, to Q, may be each independently selected

X ., and X, 5, in Formula 3F may be 0, and
R, in Formula 3F may be selected from

a C,-C; alkenylene group; and

In some embodiments, L, in Formula 1 may be
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Formula 3-111
Ra4q
0.
72
Rsap "y
— O/

Rage

In Formulae 3-1 to 3-111,

[0203]  Z,, 75, Z, 4y Zypy Zongs Loy Loy Ragyy Ry, and
R,,. may be each independently selected from

[0204] a hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
—SF,, C,-C,, alkyl group, and a C,-C,,, alkoxy group;

[0205] aC,-C,,alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from deute-
rium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
ahydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or asalt thereof, a C,-C ; alkyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a nor-
bornanyl 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;

[0206] acyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group,
a 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 phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyrrolyl group, a thiophenyl
group, a furanyl group, an imidazolyl group, a pyrazolyl
group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzoimi-
dazolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl
group;

[0207] acyclopentyl group, a cyclohexyl group, a cyclo-
heptyl group, a cyclooctyl group, an adamantanyl group,
a 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 phenanthrenyl group, an anthracenyl group, a

32
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fluoranthenyl group, a triphenylenyl group, a pyrenyl
group, a chryseny! 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 inda-
zolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a cinnolinyl group, a
carbarzolyl group, a phenanthrolinyl group, a benzoimi-
dazolyl group, a benzofuranyl group, a benzothiophenyl
group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, atriazinyl 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
deuterium, —F, —CI, —Br, —I, —CD;, —CD,H,
—CDH,,—CF;,—CF,H, —CFH,, ahydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, an
adamantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopenteny! group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
afluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthrolinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, and an imidazopyri-
midinyl group; and

[0208]  —Si(Q)(Q,)(Q5), —N(Q.)(Q5), —BQ:)(Q,).
and —P(=0)(Qs)(Qy);

[0209] fromamong Z,,7,, Z ., Z, 4y Zos Loy Lo Ryans
Rs4;, and Ry, . two or more neighboring substituents
may be optionally bonded to form a C,-C,,, carbocyclic
group or a C,-Cs,, heterocyclic group,

[0210] Q, to Q, may be each independently selected
from
[0211] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,

—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
—CHDCD,H, —CHDCDH,, —CHDCD,,
—CD,(CD,, —CD,CD,H, and —CD,CDH,;

[0212] 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

[0213] ann-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,-C |, alkyl group;

[0214] aa2 and ab2 may be each independently 1 or 2,

[0215] aa3 and ab3 may be each independently an inte-
ger selected from 1 to 3,

[0216] aa4 and ab4 may be each independently an inte-
ger selected from 1 to 4, and

[0217] each of * and *' indicates a binding site to M in
Formula 1.

[0218] In some embodiments, L, in Formula 1 may be
selected from ligands represented by Formulae 3-1(1) to 3-1
(60), 3-1(61) to 3-1(69), 3-1(71) to 3-1(79). 3-1(81) to 3-1
(88),3-1(91) to 3-1(98), 3-111, and 3-112:

Formula 3-1(1)

Formula 3-1(2)

Formula 3-1(3)

Formula 3-1(4)
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[0219] In Formulae 3-1(1) to 3-1(60), 3-1(61) to 3-1(69),
3-1(71) to 3-1(79), 3-1(81) to 3-1(88), 3-1(91) 1o 3-1(98),
3-111, and 3-112,

[0220] Z,,75, 2, 211 20 n 2y 3o Ly Ly gy 20 1 Ry
R4, and R;,. may be each independently selected from
deuterium, —F, a cyano group, a nitro group, —SFj,
—CH,, —CD,;, —CD,H, —CDH,, —CF,, —CF,H,
—CFH,, —Si(Q,)(Q,)Q;), —N(Q4(Q5), —BQy)

(Q,), —P(=0)(QL)(Qs), groups represented by Formu-
lae 9-1 to 9-19, and groups represented by Formulae

10-1 to 10-38,

[0221] X, may be O, S, C(Z,,)(Z,,), or N(Z,5),

[0222] Z,,7Z, to Z,,, and Z,, to Z,, may be each inde-
pendently selected from hydrogen, deuterium, —F, a
cyano group, a nitro group, —SF;, —CH,, —CD,,
—CD,H, —CDH,, —CF,,—CF,H,—CFH,, —Si(Q,)
(Q2)(Q3), —N(Q(Qs5), —B(Q)Q,). —P(=0)(Qy)
(Qs), groups represented by Formulae 9-1 to 9-19, and
groups represented by Formulae 10-1 to 10-38,

[0223] Q, to Q, may be each independently selected
from
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[0224] —CH,, —CD,,—CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH;,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,CD,;, —CD,CD,H, and —CD,CDH,;

[0225] 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

[0226] 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,-C,,, alkyl group,

[0227] d2 and 2 may be each independently 0 or 2,

[0228] 3 may be an integer selected from O to 3,

[0229] d4 and e4 may be each independently an integer
selected from 0 to 4,

[0230] d6 and e6 may be each independently an integer
selected from 0 to 6,

[0231] d8 and e8 may be each independently an integer
selected from O to 8, and

[0232] each of * and *' indicates a binding site to M in
Formula 1.

[0233] Inanembodiment, L, in Formula 1 may be selected
from ligands represented by Formula 2(1) (for example, a
ligand represented by Formula 2BA), and L, in Formula 1
may be selected from ligands represented by Formulae 3-1(1)
to 3-1(60), 3-1(61) to 3-1(69), 3-1(71) to 3-1(79), 3-1(81) to
3-1(88), 3-1(91) to 3-1(98), 3-111, and 3-112.

[0234] In some embodiments, L, in Formula 1 may be
selected from ligands represented by Formulae 2-1 to 2-47,
and L, inFormula 1 may be selected from ligands represented
by Formulae 3-1(1) to 3-1(60), 3-1(61) to 3-1(69), 3-1(71) to
3-1(79), 3-1(81) to 3-1(88), 3-1(91) to 3-1(98), 3-111, and
3-112, but they are not limited thereto.

[0235] In some embodiments, L, in Formula 1 may be
selected from ligands represented by Formulae 2BA-1 to
2BA-5, and L, in Formula 1 may be selected from ligands
represented by Formulae 3-1(1) to 3-1(60), 3-1(61) to 3-1
(69), 3-1(71) to 3-1(79), 3-1(81) to 3-1(88), 3-1(91) to 3-1
(98), 3-111, and 3-112, but they are not limited thereto.
[0236] The organometallic compound represented by For-
mula 1 may be selected from Compounds 1 to 288, but is not
limited thereto:
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[0237] Regarding the organometallic compound repre-

sented by Formula 1, L, isrepresented by Formula 2, and CY,
inFormula2isaC,-C,; condensed cyclic ring i) in which two
to four unsaturated 6-membered rings are condensed to each
other and ii) which optionally has nitrogen (N) as a ring
forming atom. Due to this structure, the charge mobility ofthe
organometallic compound represented by Formula 1 may be
improved, and accordingly, an electric device, such as an
organic light-emitting device, including the organometallic
compound, may have long lifespan characteristics.

[0238] Inaddition, since the sum of b5 and b6 in Formula 2
is 1 or greater, a ligand represented by Formula 2 has at least
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one silyl group. In some embodiments, b5 may be 1, 2, or 3.
Accordingly, a pyridine ring in the ligand represented by
Formula 2 may have at least one silyl group. Due to this
structure, a device, such as an organic light-emitting device,
including the organometallic compound, may have high effi-
ciency and a long lifespan.

[0239] Forexample, the highest occupied molecular orbital
(HOMO), lowest unoccupied molecular orbital (LUMO), and
triplet (T,) energy levels of some of these organometallic
compounds are evaluated by using a DFT (Density Function
Theory) method of a Gaussian program (structurally opti-
mized at a level of B3LYP, 6-31G (d,p)). Evaluation results
are shown in Table 1.

TABLE 1
Compound No.  HOMO (eV)  LUMO (eV) T, energy level (eV)

1 -4.834 -1.438 2.450

2 -4.809 -1.431 2.446

3 -4.805 -1.391 2.475

4 -4.818 -1.490 2.421
28 -4.827 -1.494 2.437
52 -4.764 -1.459 2.407
76 -4.747 -1.442 2.406
97 -4.782 -1.398 2.445
124 =-4.777 -1.473 2.410
145 -4.792 -1.413 2.445
147 -4.766 -1.373 2.467
149 -4.791 -1.432 2.439
150 -4.762 -1.434 2422
151 -4.789 -1.426 2.441
152 -4.771 -1.429 2.429
153 -4.794 -1.432 2.445
154 -4.771 -1.438 2.428
155 -4.800 -1.445 2.438
160 -4.764 -1.435 2423
163 -4.786 -1.462 2.402
164 -4.787 -1.444 2.420
165 -4.796 -1.468 2.409
166 -4.792 -1.490 2.381

[0240] Referring to Table 1, the organometallic compound

represented by Formula 1 has such electric characteristics
that are suitable for use as a material for an electric device, for
example, as a material for an organic light-emitting device
(for example, a dopant).

[0241] Methods of synthesizing the organometallic com-
pound represented by Formula 1 may be easily recognizable
by one of ordinary skill in the art by referring to the following
Synthesis Examples.

[0242] Since the organometallic compound represented by
Formula 1 is suitable for an organic layer of an organic light-
emitting device, for example, a dopant of an emission layer of
the organic layer, another aspect provides an organic light-
emitting device including:

[0243] a first electrode;
[0244] asecond electrode; and
[0245] an organic layer that is disposed between the first

electrode and the second electrode,

[0246] wherein the organic layer includes an emission
layer and at least one organometallic compound repre-
sented by Formula 1.

[0247] Due to the inclusion of the organic layer including
the organometallic compound represented by Formula 1, the
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organic light-emitting device may have a low driving voltage,
high efficiency, and a long lifespan.

[0248] The organometallic compound represented by For-
mula 1 may be used between a pair of electrodes of an organic
light-emitting device. For example, the organometallic com-
pound represented by Formula 1 may be included in the
emission layer. In this regard, the organometallic compound
may act as a dopant and the emission layer may further
include a host (that is, the amount of the organometallic
compound represented by Formula 1 is smaller than that of
the host).

[0249] The expression that “(an organic layer) includes at
least one of the organometallic compounds” as used herein
may include an embodiment in which “(an organic layer)
includes identical organometallic compounds represented by
Formula 1 and an embodiment in which (an organic layer)
includes two or more different organometallic compounds
represented by Formula 1.

[0250] For example, the organic layer may include, as the
organometallic compound, only Compound 1. In this regard,
Compound 1 may be included in an emission layer of the
organic light-emitting device. In some embodiments, the
organic layer may include, as the organometallic compound,
Compound 1 and Compound 2. In this regard, Compound 1
and Compound 2 may be included in the same layer (for
example, Compound 1 and Compound 2 both may be
included in an emission layer).

[0251] The first electrode may be an anode, which is a hole
injection electrode, and the second electrode may be a cath-
ode, which is an electron injection electrode; or the first
electrode may be a cathode, which is an electron injection
electrode, and the second electrode may be an anode, which is
a hole injection electrode.

[0252] Forexample, the first electrode may be an anode, the
second electrode may be a cathode, and the organic layer may
include a hole transport region disposed between the first
electrode and the emission layer and an electron transport
region disposed between the emission layer and the second
electrode, wherein the hole transport region includes at least
one selected from a hole injection layer, ahole transport layer,
and an electron blocking layer, and wherein the electron
transport region includes at least one selected from a hole
blocking layer, an electron transport layer, and an electron
injection layer.

[0253] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers between the first
electrode and the second electrode of the organic light-emit-
ting device. The “organic layer” may include, in addition to an
organic compound, an organometallic complex including
metal.

[0254] FIG. 1 is a schematic view of an organic light-
emitting device 10 according to an embodiment. Hereinafter,
the structure of an organic light-emitting device according to
an embodiment and a method of manufacturing an organic
light-emitting device, according to an embodiment, will be
described in connection with FIG. 1. The organic light-emit-
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ting device 10 includes a first electrode 11, an organic layer
15, and a second electrode 19, which are sequentially stacked
on each other in this order.

[0255] A substrate may be additionally disposed under the
first electrode 11 or above the second electrode 19. As the
substrate, any substrate that is used in general organic light-
emitting devices may be used, and the substrate may be a
glass substrate or transparent plastic substrate, each with
excellent mechanical strength, thermal stability, transpar-
ency, surface smoothness, ease of handling, and water-resis-
tance.

[0256] The first electrode 11 may be formed by depositing
or sputtering a material for forming the first electrode 11 on
the substrate. The first electrode 11 may be an anode. The
material for the first electrode 11 may be selected from mate-
rials with a high work function to allow holes be easily pro-
vided. The first electrode 11 may be a reflective electrode or
a transmissive electrode. The material for the first electrode
11 may be, for example, indium tin oxide (ITO), indium zinc
oxide (IZO), tin oxide (SnO,), and zinc oxide (ZnO). In some
embodiments, magnesium (Mg), aluminum (Al), aluminum-
lithium (Al—Li), calcium (Ca), magnesium-indium (Mg—
In), or magnesium-silver (Mg—Ag) may be used as the mate-
rial for the first electrode 11.

[0257] The first electrode 11 may have a single-layer struc-
ture or a multi-layer structure including two or more layers.
For example, the first electrode 11 may have a three-layered
structure of ITO/Ag/ITO, but the structure of the first elec-
trode 110 is not limited thereto.

[0258] The organic layer 15 is disposed on the first elec-
trode 11.
[0259] The organic layer 15 may include a hole transport

region, an emission layer, and an electron transport region.
[0260] Thehole transport region may be disposed between
the first electrode 11 and the emission layer.

[0261] The hole transport region may include at least one
selected from a hole injection layer, a hole transport layer, an
electron blocking layer, and a buffer layer.

[0262] The hole transport region may include only either a
hole injection layer or a hole transport layer. In some embodi-
ments, the hole transport region may have a structure of hole
injection layer/hole transport layer or hole injection layer/
hole transport layer/electron blocking layer, which are
sequentially stacked in this stated order from the first elec-
trode 11.

[0263] A hole injection layer may be formed on the first
electrode 11 by using one or more methods, such as vacuum
deposition, spin coating, casting, or Langmuir-Blodgett (LB).
[0264] When a hole injection layer is formed by vacuum
deposition, the deposition conditions may vary according to a
material that is used to form the hole injection layer, and the
structure and thermal characteristics of the hole injection
layer. For example, the deposition conditions may include a
deposition temperature of about 100 to about 500° C., a
vacuum pressure of about 10~ to about 107> forr, and a depo-
sition rate of about 0.01 to about 100 Angstroms per second
(A /sec). However, the deposition conditions are not limited
thereto.

[0265] When the hole injection layer is formed using spin
coating, coating conditions may vary according to the mate-
rialused to form the hole injection layer, and the structure and
thermal properties of the hole injection layer. For example, a
coating speed may be from about 2,000 revolutions per
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minute (rpm) to about 5,000 rpm, and a temperature at which
a heat treatment is performed to remove a solvent after coat-
ing may be from about 80° C. to about 200° C. However, the
coating conditions are not limited thereto.

[0266] Conditions for a hole transport layer and an electron
blocking layer may be understood by referring to conditions
for forming the hole injection layer.

[0267] The hole transport region may include at least one
selected from m-MTDATA, TDATA, 2-TNATA, NPB,
p-NPB, TPD, Spiro-TPD, Spiro-NPB, methylated NPB,
TAPC, HMTPD, 4.,4'4"-tris(N-carbazolyl)triphenylamine
(TCTA), polyaniline/dodecylbenzenesulfonic acid (Pani/
DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-styrene-
sulfonate) (PEDOT/PSS), polyaniline/camphor sulfonic acid
(PANI/CSA), (polyaniline)/poly(4-styrenesulfonate) (Pani/
PSS), a compound represented by Formula 201 below, and a
compound represented by Formula 202 below:
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Ryzg Rin
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[0268] Ar,,, and Ar,, in Formula 201 may be each inde-
pendently selected from

[0269] a phenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an azulenylene
group, aheptalenylene group, an acenaphthylene group,
a fluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a fluoran-
thenylene group, atriphenylenylene group, a pyrenylene
group, a chrysenylenylene group, a naphthacenylene
group, a picenylene group, a perylenylene group, and a
pentacenylene group; and

[0270] a phenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an azulenylene
group, aheptalenylene group, an acenaphthylene group,
a fluorenylene group, a phenalenylene group, a phenan-
threnylene group, an anthracenylene group, a fluoran-
thenylene group, atriphenylenylene group, a pyrenylene
group, a chrysenylenylene group, a naphthacenylene
group, a picenylene group, a perylenylene group, and a
pentacenylene group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-Cg, alkyl group, a C,-Cy,
alkenyl group, a C,-Cy, alkynyl group, a C, C, alkoxy
group, a C;-C |, cycloalkyl group, a C;-C |, cycloalkenyl
group, a C,-C, , heterocycloalkyl group, a C,-C,, het-
erocycloalkeny! group, a C-Cg, aryl group, a C-Cg,
aryloxy group, a C-Cq, arylthio group, a C,-C, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group.
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[0271] In Formula 201, xa and xb may be each indepen-
dently an integer of 0 to 5, or 0, 1, or 2. For example, xa is 1
and xb is 0, but xa and xb are not limited thereto.

[0272] Ry to R ge Ryj; 10 R g, and Ry 5, to Ry 5, in For-
mulae 201 and 202 may be each independently selected from
[0273] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group (for example, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, and so on), and a C,-C,, alkoxy group (for
example, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, a pentoxy group, and so on);

[0274] aC,-C,,alkyl group oraC,-C,, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof;

[0275] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group; and

[0276] aphenyl group, a naphthyl group, a fluorenyl group,
and a pyrenyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C, alkyl group, ora C,-C, , alkoxy group.

[0277] However, they are not limited thereto.
[0278] R, in Formula 201 may be selected from
[0279] aphenyl group, a naphthyl group, an anthracenyl

group, and a pyridinyl group; and
[0280] aphenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
ahydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a naphthyl group, an anthracenyl group, and a
pyridinyl group.
[0281] According to an embodiment, the compound repre-
sented by Formula 201 may berepresented by Formula 201 A,
but is not limited thereto:

Formula 201A
Rin
\
N

&

R

Ry

Ry
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[0282] Ro;, Ryyp, Rypo,and R, oo in Formula 201A may be -continued
understood by referring to the description provided herein. T3

[0283] Forexample, the compound represented by Formula
201 and the compound represented by Formula 202 may
include compounds HT1 to HT20 illustrated below, but are
not limited thereto.
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[0284] A thickness of the hole transport region may be ina
range of about 100 Angstroms (A) to about 10,000 A, for
example, about 100 A to about 1,000 A.

[0285] While not wishing to be bound by a theory, it is
understood that when the hole transport region includes a hole
injection layer and a hole transport layer, the thickness of the
hole injection layer may be in a range of about 100 A to about
10,000 A, and for example, about 100 A to about 1,000 A, and
the thickness of the hole transport layer may be in a range of
about 50 A to about 2,000 A, and for example, about 100 A to
about 1,500 A. While not wishing to be bound by a theory, it
is understood that when the thicknesses of the hole transport
region, the hole injection layer, and the hole transport layer
are within these ranges, satisfactory hole transporting char-
acteristics may be obtained without a substantial increase in
driving voltage.

[0286] The hole transport region may further include, in
addition to these materials, a charge-generation material for
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the improvement of conductive properties. The charge-gen-
eration material may be homogeneously or non-homoge-
neously dispersed in the hole transport region.

[0287] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one selected from
a quinone derivative, a metal oxide, and a cyano group-con-
taining compound, but embodiments are not limited thereto.
Non-limiting examples of the p-dopant are a quinone deriva-
tive, such as tetracyanoquinonedimethane (TCNQ) or 2,3,5,
6-tetrafluoro-tetracyano-1,4-benzoquinonedimethane  (F4-
TCNQ); a metal oxide, such as a tungsten oxide or a
molybdenium oxide; and a cyano group-containing com-
pound, such as Compound HT-D1 below, but are not limited
thereto.

Compound HT-D1

CN
NC | N N
N. N CN
V a ‘ N
Ve
I\i N CN
N
NC 7
CN
F4TCNQ
E F
CN CN
CN CN.
F T
[0288] Thehole transport region may include a buffer layer.

[0289] Also, the buffer layer may compensate for an optical
resonance distance according to a wavelength of light emitted
from the emission layer, and thus, the efficiency of a formed
organic light-emitting device may be improved.

[0290] Then, an emission layer may be formed on the hole
transport region by vacuum deposition, spin coating, casting,
LB deposition, or the like. When the emission layer is formed
by vacuum deposition or spin coating, the deposition or coat-
ing conditions may be similar to those applied to form the
hole injection layer although the deposition or coating con-
ditions may vary according to the material that is used to form
the emission layer.

[0291] Meanwhile, when the hole transport region includes
an electron blocking layer, a material for the electron block-
ing layer may be selected from materials for the hole transport
region described above and materials for a host to be
explained later. However, the material for the electron block-
ing layer is not limited thereto. For example, when the hole
transport region includes an electron blocking layer, a mate-
rial for the electron blocking layer may be mCP, which will be
explained below.

[0292] Theemission layer may include ahostand a dopant,
and the dopant may include the organometallic compound
represented by Formula 1.

Jun. 9, 2016

[0293] The host may include at least one selected from
TPBi, TBADN, ADN (also referred to as “DNA™), CBP,
CDBP, TCP, mCP, Compound HSO, and Compound H51:




US 2016/0164012 Al

-continued

9

o= £
0 P .

[0294] Insome embodiments, the host may further include
a compound represented by Formula 301 below.

Formula 301

N\ (Arggs);
/X

Arpyy——(Ari )y (Arin)g—Ar 3

/
(Ary16);

\
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[0295] Ar,,, and Ar,,, in Formula 301 may be each inde-
pendently selected from
[0296] a phenylene group. a naphthylene group, a
phenanthrenylene group, and a pyrenylene group; and
[0297] a phenylene group. a naphthylene group, a
phenanthrenylene group, and a pyrenylene group, each
substituted with at least one selected from a phenyl
group, a naphthyl group, and an anthracenyl group.
[0298] Ar,,;toAr,,cinFormula301 may be each indepen-
dently selected from
[0299] aC,-C,, alkyl group, a phenyl group, a naphthyl
group, a phenanthrenyl group, and a pyrenyl group; and
[0300] aphenyl group, a naphthyl group, a phenanthre-
nyl group, and a pyrenyl group, each substituted with at
least one selected from a phenyl group, a naphthyl
group, and an anthracenyl group.
[0301] g.h,1, and j in Formula 301 may be each indepen-
dently an integer of 0 to 4, for example, an integer of 0, 1, or

[0302] Ar,,;t0Ar,,sinFormula301 may be each indepen-
dently selected from

[0303] aC,-C,,alkyl group, substituted with at least one
selected from a phenyl group, a naphthyl group, and an
anthracenyl group;

[0304] aphenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl, a phenanthrenyl group, and a fluorenyl
group;

[0305] aphenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, and a
fluorenyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-Cg, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy
group, a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, and a
fluorenyl group; and

[0306] However, they are not limited thereto.
[0307] Insomeembodiments, the host may include a com-
pound represented by Formula 302 below:

Formula 302
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[0308] Ar,,, to Ar,,s in Formula 302 are the same as
described in detail in connection with Ar,, 5 in Formula 301.

[0309] Ar,,, and Ar,,, in Formula 302 may be each inde-
pendently a C,-C, , alkyl group (forexample, a methyl group,
an ethyl group, or a propyl group).

[0310] k and]in Formula 302 may be each independently
an integer of 0 to 4. For example, k and 1 may be 0, 1, or 2.

[0311] The compound represented by Formula 301 and the
compound represented by Formula 302 may include Com-
pounds H1 to H42 illustrated below, but are not limited
thereto.

Hi
X,
==,
920
m
QOO
X9,
H3
OXOxS,
Safavs
)
H4
OOO
)
Hs
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[0312] When the organic light-emitting device is a full
color organic light-emitting device, the emission layer may
be patterned into ared emission layer, a green emission layer,
and a blue emission layer. In some embodiments, due to a
stack structure including a red emission layer, a green emis-
sion layer, and/or a blue emission layer, the emission layer
may emit white light.

[0313] When the emission layer includes a host and a
dopant, the amount of the dopant may be in a range of about
0.01 to about 15 parts by weight based on 100 parts by weight
of the host, but is not limited thereto.

[0314] A thickness of the emission layer may be in a range
of about 100 A to about 1,000 A, for example, about 200 A to
about 600 A. While not wishing to be bound by a theory, it is
understood that when the thickness of the emission layer is
within this range, excellent light-emission characteristics
may be obtained without a substantial increase in driving
voltage.

[0315] Then, an electron transport region may be disposed
on the emission layer.

[0316] The electron transport region may include at least
one selected from a hole blocking layer, an electron transport
layer, and an electron injection layer.

[0317] Forexample, the electron transport region may have
a structure of hole blocking layer/electron transport layer/



US 2016/0164012 Al

electron injection layer or a structure of electron transport
layer/electron injection layer, but the structure of the electron
transport region is not limited thereto. The electron transport
layer may have a single-layered structure or a multi-layer
structure including two or more different materials.

[0318] Conditions for forming the hole blocking layer, the
electron transport layer, and the electron injection layer
which constitute the electron transport region may be under-
stood by referring to the conditions for forming the hole
injection layer.

[0319] When the electron transport layer includes a hole
blocking layer, the hole blocking layer may include, for
example, at least one of BCP, Bphen, and Balq. However,
materials included in the hole blocking layer are limited
thereto.

BCP

BCP

[0320] A thickness of the hole blocking layer may be in a
range of about 20 A to about 1,000 A, for example, about 30
Ato about 300 A, While not wishing to be bound by a theory,
it is understood that when the thickness of the hole blocking
layer is within these ranges, the hole blocking layer may have
improved hole blocking ability without a substantial increase
in driving voltage.

[0321] The electron transport layer may further include at
least one selected from BCP, Bphen, Alqs,, Balq, TAZ, and
NTAZ.

=

\

L

Algs
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[0322] In some embodiments, the electron transport layer
may include at least one of ET1 and ET2, but are not limited
thereto:

ET1
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[0323] A thickness of the electron transport layer may be in
a range of about 100 A to about 1,000 A, for example, about
150 A to about 500 A. While not wishing to be bound by a
theory, it is understood that when the thickness of the electron
transport layer is within the range described above, the elec-
tron transport layer may have satisfactory electron transport
characteristics without a substantial increase in driving volt-
age.

[0324] Also, the electron transport layer may further
include, in addition to the materials described above, a metal-
containing material.

[0325] The metal-containing material may include a Li
complex. The Li complex may include, for example, Com-
pound ET-D1 (lithium quinolate, LiQ) or ET-D2.

ET-D1

ET-D2

[0326] The electron transport layer may include an electron
injection layer (EIL) that promotes flow of electrons from the
second electrode 19 thereinto.

[0327] Theelectroninjection layer may include at least one
selected from, LiF, NaCl, CsF, Li,O, BaO, and LiQ.

[0328] A thickness of the electron injection layer may be in
a range of about 1 A to about 100 A, for example, about 3 A
to about 90 A. While not wishing to be bound by a theory, it

113
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is understood that when the thickness of the electron injection
layer is within the range described above, the electron injec-
tion layer may have satisfactory electron injection character-
istics without a substantial increase in driving voltage.

[0329] The second electrode 19 is disposed on the organic
layer 15. The second electrode 19 may be a cathode. A mate-
rial for forming the second electrode 19 may be selected from
metal, an alloy, an electrically conductive compound, and a
combination thereof, which have a relatively low work func-
tion. For example, lithium (Li), magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magnesium-
indium (Mg—In), or magnesium-silver (Mg—Ag) may be
formed as a material for forming the second electrode 19. In
some embodiments, to manufacture a top emission type light-
emitting device, a transmissive electrode formed using ITO or
17O may be used as the second electrode 19.

[0330] Hereinbefore, the organic light-emitting device has
been described with reference to FIG. 1, but is not limited
thereto.

[0331] AC,-Cg,alkyl group asused hereinrefers to alinear
or branched aliphatic hydrocarbon monovalent group having
1 to 60 carbon atoms. Detailed examples thereof are a methyl
group, an ethyl group, a propyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, a pentyl group, an iso-
amyl group, and a hexyl group. A C,-C, alkylene group as
used herein refers to a divalent group having the same struc-
ture as the C;-Cy, alkyl group.

[0332] A C,-Cq, alkoxy group as used herein refers to a
monovalent group represented by —OA |, (wherein A, is
the C,-Cg, alkyl group). Detailed examples thereof are a
methoxy group, an ethoxy group, and an isopropyloxy group.

[0333] A C,-Cq, alkenyl group as used herein refers to a
hydrocarbon group formed by placing at least one carbon
double bond in the middle or at the terminal of the C,-Cy,
alkyl group. Detailed examples thereof are an ethenyl group,
a propenyl group, and a butenyl group. A C,-C,, alkenylene
group as used herein refers to a divalent group having the
same structure as the C,-Cg, alkenyl group.

[0334] A C,-Cq, alkynyl group as used herein refers to a
hydrocarbon group formed by placing at least one carbon
triple bond in the middle or at the terminal of the C,-C, alkyl
group. Detailed examples thereof are an ethynyl group, and a
propynyl group. A C,-C,, alkynylene group as used herein
refers to a divalent group having the same structure as the
C,-Cy, alkynyl group.

[0335] AC,-C,, cycloalkyl group as used herein refers to a
monovalent hydrocarbon monocyclic group having 3 to 10
carbon atoms. Detailed examples thereof are a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, and a cycloheptyl group. A C;-C,, cycloalkylene
group as used herein refers to a divalent group having the
same structure as the C,-C, , cycloalkyl group.

[0336] A C,-C,, heterocycloalkyl group as used herein
refers to a monovalent monocyclic group having at least one
hetero atom selected from N, O, P, 81, and S as a ring-forming
atom and 1 to 10 carbon atoms. Detailed examples thereofare
a tetrahydrofuranyl group, and a tetrahydrothiophenyl group.
A C,-C,, heterocycloalkylene group as used herein refers to
a divalent group having the same structure as the C,-C,
heterocycloalkyl group.

[0337] A C;-C,, cycloalkenyl group as used herein refers
to a monovalent monocyclic group that has 3 to 10 carbon
atoms and at least one double bond in the ring thereof, and
which is not aromatic. Detailed examples thereof are a cyclo-
pentenyl group, a cyclohexenyl group, and a cycloheptenyl
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group. A C;-C, , cycloalkenylene group as used herein refers
to a divalent group having the same structure as the C5-C,,
cycloalkenyl group.

[0338] A C,-C,, heterocycloalkenyl group as used herein
refers to a monovalent monocyclic group that has at least one
hetero atom selected from N, O, P, Si, and S as a ring-forming
atom, 1 to 10 carbon atoms, and at least one double bond in its
ring. Examples of the C,-C, , heterocycloalkenyl group are a
2,3-dihydrofuranyl group and a 2,3-dihydrothiophenyl
group. A C,-C, ; heterocycloalkenylene group as used herein
refers to a divalent group having the same structure as the
C,-C,, heterocycloalkenyl group.

[0339] A C,-Cg, aryl group as used herein refers to a
monovalent group having a carbocyclic aromatic system hav-
ing 6 to 60 carbon atoms, and a C4-Cy, arylene group as used
herein refers to a divalent group having a carbocyclic aro-
matic system having 6 to 60 carbon atoms. Detailed examples
ofthe C-Cq, aryl group are a phenyl group, a naphthyl group,
an anthracenyl group, a phenanthrenyl group, a pyrenyl
group, and a chrysenyl group. When the C,-Cg, aryl group
and the C4-C, arylene group each include two or more rings,
the rings may be fused to each other.

[0340] A C,-Cg, heteroaryl group as used herein refers to a
monovalent group having a carbocyclic aromatic system that
has at least one hetero atom selected from N, O, P, Si, and S as
a ring-forming atom, and 1 to 60 carbon atoms. A C,-Cy,
heteroarylene group as used herein refers to a divalent group
having a carbocyclic aromatic system that has at least one
hetero atom selected from N, O, P, Si, and S as a ring-forming
atom, and 1 to 60 carbon atoms. Examples of the C,-C,
heteroaryl group are a pyridinyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolinyl group, and an isoquinolinyl group. When the
C,-Cy, heteroaryl group and the C,-C, heteroarylene group
each include two or more rings, the rings may be fused to each
other.

[0341] A C,-Cqyy aryloxy group as used herein indicates
—O0A,,, (wherein A, is the C4-Cqy, aryl group), and a
Cs-Cgo arylthio group as used herein indicates —SA |,
(wherein A, o5 1s the C4-C, aryl group).

[0342] A monovalent non-aromatic condensed polycyclic
group as used herein refers to a monovalent group (for
example, having 8 to 60 carbon atoms) that has two or more
rings condensed to each other, only carbon atoms as a ring
forming atom, and which is non-aromatic in the entire
molecular structure. A detailed example of the monovalent
non-aromatic condensed polycyclic group is a fluorenyl
group. A divalent non-aromatic condensed polycyclic group
as used herein refers to a divalent group having the same
structure as the monovalent non-aromatic condensed polycy-
clic group.

[0343] A monovalent non-aromatic condensed heteropoly-
cyclic group as used herein refers to a monovalent group (for
example, having 2 to 60 carbon atoms) that has two or more
rings condensed to each other, has a heteroatom selected from
N, O P, and S, other than carbon atoms, as a ring forming
atom, and which is non-aromatic in the entire molecular
structure. An example of the monovalent non-aromatic con-
densed heteropolycyclic group is a carbazolyl group. A diva-
lent non-aromatic condensed heteropolycyclic group as used
herein refers to a divalent group having the same structure as
the monovalent non-aromatic condensed heteropolycyclic
group.

[0344] In the present specification, at least one of substitu-
ents of the substituted C, C, alkyl group, substituted C,-Cy,
alkenyl group, substituted C,-C, alkynyl group, substituted
C,-Cg, alkoxy group, substituted C,-C,,, cycloalkyl group,
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substituted C,-C,, heterocycloalkyl group, substituted
C;-C,o cycloalkenyl group, substituted C,-C,, heterocy-
cloalkenyl group, substituted C4-Cg, aryl group, substituted
C-Cgo aryloxy group, substituted C,-Cy, arylthio group,
substituted C,-C, heteroaryl group, substituted monovalent
non-aromatic condensed polycyclic group, and substituted
monovalent non-aromatic condensed heteropolycyclic group
may be selected from

[0345] deuterium, —F, —Cl, —Br, —I, —CD;,
—CD,H, —CDH,, —CF;, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-Cg, alkyl group, a C,-Cy,
alkenyl group, a C,-C, alkynyl group, and a C,-Cg,
alkoxy group;

[0346] aC,-C, alkyl group, a C,-Cy, alkenyl group, a
C,-C¢ alkynyl group, and a C,-Cg,, alkoxy 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, ahydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C;-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C,-C, , heterocy-
cloalkenyl group, a C4-Cg, aryl group, a C¢-C, aryloxy
group, a C,-Cqy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed het-

eropolycyclic group, —N(Qy,)(Q;2), —Si(Q13)(Q14)
(le): 7B(Q16)(Q17)5 and *P(:O)(le)(Qw);

[0347] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cq, aryl group, a Co-Cy,
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

[0348] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cp aryl group, a C4-Ce,
aryloxy group, a C4-Cq, arylthio group, a C;-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CD,,—CD,H, —CDH,,—CF,,—CF,H,—CFH,,a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C;-C,, alkyl group, a C,-Cq,
alkenyl group, a C,-Cy, alkynyl group, a C,-Cy, alkoxy
group, a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a C,-Co,
aryloxy group, a C4-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q,,), —Si
(Q23)(Q24)(Q25), —B(Q16)(Q27), and —P(—0)(Qs5)

10); and
[0349] —N(Q;,)(Qs,), —Si(Q33)(Q34)(Qs5). —B(Qs4)

(Qs7): and —P(=0)(Q15)(Qs0),
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[0350] wherein Q, 10 Qs, Qy; 10 Qy5, Qs 10 Qy0,and Q5
to Q;, are each independently selected from hydrogen,

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
a phosphoric acid or a salt thereof, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C5-C, , cycloalkyl group, a substituted or
unsubstituted C,-C, , heterocycloalkyl group, a substi-
tuted or unsubstituted C5-C |, cycloalkenyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C,-C, aryl group,
a substituted or unsubstituted C4-Cg, aryloxy group, a
substituted or unsubstituted C,-C,, arylthio group, a
substituted or unsubstituted C,-C, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or unsub-
stituted monovalent non-aromatic condensed het-
eropolycyclic group.

[0351] When a group containing a specified number of
carbon atoms is substituted with any of the substituents listed
above, the number of carbon atoms in the resulting “substi-
tuted” group may be the number of atoms contained in the
original (base) group plus the number of carbon atoms (if any)
contained in the substituent. For example, the “substituted
C,-C5, alkyl” may refer to a C,-C,, alkyl group substituted
with Cg_g, aryl group, in which the total number of carbon
atoms may be C,-C,,.

[0352] Hereinafter, a compound and an organic light-emit-
ting device according to embodiments are described in detail
with reference to Synthesis Example and Examples. How-
ever, the organic light-emitting device is not limited thereto.
The wording “B was used instead of A” used in describing
Synthesis Examples means that an amount of A used was
identical to an amount of B used, in terms of a molar equiva-
lent.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1

[0353]
B(OH);
-
Si
N PP, KoCOs
| THF/HL0,
N, reflux,
N 18h
Br
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—_—
EtOH, 18 h

Synthesis of Compound L1

[0354] 2-bromo-5-(trimethylsilyl)pyridine (9.15 grams
(g), 39.73 millimoles (mmol)), triphenylen-2-ylboronic acid
(12.43 g, 45.69 mmol), Pd(PPh,), (3.06 g, 2.65 mmol), and
K,CO; (21.94 g, 158.74 mmol) were mixed with 210 milli-
liters (mL) of tetrahydrofuran (THF) and 70 mL of distilled
water, and the mixture was stirred for 18 hours under reflux.
The temperature was decreased to room temperature, and the
organic layer was extracted by using methylene chloride
(MC). Anhydrous magnesium sulfate (MgSO,) was added
thereto to remove moisture therefrom. The result was filtered
to obtain a filtrate, and the solvent was removed under
reduced pressure. The residual was purified by column chro-
matography using MC and hexane at a ratio of 1:1 to obtain
10.40 g (69%) of Compound L1.

[0355] MALDI-TOFMS (w/z): C,4H,;NSi (M*) 378.
[0356] Synthesis of Compound A
[0357] 2-phenylpyridine (14.66 g, 94.44 mmol) and iri-

dium chloride (14.80 g, 41.97 mmol) were mixed with 210
mL of ethoxyethanol and 70 mL of distilled water. The mix-
ture was stirred for 24 hours under reflux to perform a reac-
tion. The temperature was then decreased to room tempera-
ture. A solid obtained therefrom was separated therefrom by
filtration, and was thoroughly washed with water, methanol,

116
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and hexane sequentially in this stated order. The resultant
solid was dried in a vacuum oven to obtain 19.5 g (87%) of
Compound A.

[0358]

[0359] Compound A (4.51 g, 4.20 mmol) was mixed with
45mL of MC, and AgOTf(2.16 g, 8.41 mmol) dissolvedin 15
mL of methanol was added thereto. While light was blocked
by using an aluminum foil, the mixture was stirred at room
temperature for 18 hours to perform a reaction. The reaction
mixture was filtered through celite to remove generated solid
therefrom. A filtrate was placed under reduced pressure to
obtain a solid (Compound B), which was used in the subse-
quent reaction without additional purification.

[0360] Synthesis of Compound 1

[0361] CompoundB (6.0 g, 8.41 mmol) and Compound .1
(3.81 g,10.10 mmol) were mixed with 100 mL of ethanol, and
the mixture was stirred for 18 hours under reflux to perform a
reaction. After the temperature was decreased, the resultant
mixture was filtered to obtain a solid, which was thoroughly
washed with ethanol and hexane. The crude product was
purified by column chromatography using MC and hexane at
a ratio of 40:60 to obtain 1.4 g (19%) of Compound 1. The
obtained compound was identified by Mass and HPLC.

[0362] HRMS (MALDI-TOF)caled for C i H, IrN, Si: m/z
877.2464. Found: 877.2461

Synthesis of Compound B

Synthesis Example 2
Synthesis of Compound 2
[0363]
B(OH),
Br
Pd(OAc)s, PPhs,
7 . K,CO4
MeCN/MeOH,
N 24h
Br
Br \Si/
= 7 |
Na 1y n-BuLi Nao
2) TMSCI
—_—
THF, -78° C.
C L2
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[0364]
[0365]
same manner as Compound L1 in Synthesis Example 1,
except that 2,5-dibromo-4-methylpyridine (10 g, 39.86
mmol) was used instead of 2-bromo-5-(trimethylsilyl)pyri-
dine.

Synthesis of Compound C
9.5 g (60%) of Compound C was prepared in the

[0366] MALDI-TOFMS (m/7): C,,H,sNSi (M*) 397.
[0367] Synthesis of Compound 1.2

[0368] 100 mL of tetrahydrofuran (THF) was added to
Compound C (6.09 g, 15.31 mmol), and the mixture was
cooled to a temperature of -78° C. . n-Bul.i (14.4 mL, 22.96
mmol) was slowly added thereto, and the result was stirred at

a temperature of =78° C. for 1 hour. Trimethylsilyl chloride
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(TMSCI) (2.91 mL, 22.96 mmol) was added thereto, and a
reaction was performed at a temperature of -78° C. for 1 hour.
The reaction product was heated to room temperature to
perform a reaction for 12 hours. An organic layer was
extracted therefrom by using MC, and anhydrous magnesium
sulfate was added thereto to remove moisture therefrom. The
filtrate obtained by filtration was placed under reduced pres-
sure to evaporate the solvent. The residue was purified by
column chromatography using EA and hexane at a ratio of
5:95 to obtain 4.8 g (80%) of Compound L.2.

[0369] MALDI-TOFMS (w/z): C,,H,sNSi (M) 391.
[0370] Synthesis of Compound 2

[0371] 1.9 g (32%) of Compound 2 was prepared in the
same manrer as Compound 1 in Synthesis Example 1, except
that Compound 1.2 (3.17 g, 8.08 mmol) was used instead of
Compound L1. The obtained compound was confirmed by
Mass and HPLC.

[0372] HRMS (MALDI-TOF)caled for C,oH,,IrN;Si: m/z
891.2621. Found: 891.2621.
Synthesis Example 3

Synthesis of Compound 3

| 1)LDA

N 2 >;
Br

—_—
THF, -78° C.
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L3

[0374]

Synthesis of Compound L3

[0375] CompoundL.2 (4.52 g, 11.52 mmol) was mixed with
70 mL of THF, and the mixture was cooled to a temperature of
-78° C. Lithium diisopropylamide (LDA, 14.4 mL, 28.8
mmol) was slowly added thereto. The resulting mixture was
stirred at a temperature of -78° C. for 1 hour to perform a
reaction, and then at room temperature for an additional 1.5
hours. Subsequently, the temperature was decreased to —=78°
C., and 2-bromopropane (2.70 mL, 28.8 mmol) was slowly
added thereto. The temperature was increased to room tem-
perature and a reaction was performed for 12 hours. The
organic layer obtained therefrom was extracted using MC,
and anhydrous magnesium sulfate was added thereto to
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remove moisture therefrom. A filtrate obtained by filtration
was placed under reduced pressure to remove solvent.

[0376] Theresidual was subjected to column chromatogra-
phy using EA and hexane at a ratio of 10:90 to obtain 43 g
(86%) of Compound 1.3.

[0377] MALDI-TOFMS (m/z): C;H; NSi (M™) 434.
[0378] Synthesis of Compound 3
[0379] 1.8 g (32%) of Compound 3 was prepared in the

same manner as Compound 1 in Synthesis Example 1, except
that Compound 1.3 (3.35 g, 7.71 mmol) was used instead of
Compound L1. The obtained compound was confirmed by
Mass and HPLC.

[0380] HRMS (MALDI-TOF)calod for Co,H, JrN,Si: m/z
933.3090. Found: 933.3092.

Synthesis Example 4
Synthesis of Compound 4
[0381]
Br
7z
BN
B(OH),
Pd(OAc),, PPhs,
K,C0;
—_————»
MeCNMeOH,
24h
L Y
" 9
N 1) n-BuLi Naw

2) TMSCI

—_—

THE, -78° C.
9 g
) D )
| A | x

a A
D L4
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[0382] Synthesis of Compound D

[0383] 10.4 g (74%) of Compound D was prepared in the
same manner as Compound L1 in Synthesis Example 1,
except that 2,5-dibromo-4-phenylpyridine (9.518 g, 30.41
mmol) was used instead of 2-bromo-5-(trimethylsilyl)pyri-
dine.

[0384] MALDI-TOFMS (m/z): C,oH,4BrN (M*) 459.
[0385] Synthesis of Compound L4

[0386] 6.7 g (84%) of Compound L4 was prepared in the
same manner as Compound .2 in Synthesis Example 2,
except that Compound D (8.106 g, 17.66 mmol) was used
instead of Compound C.

[0387] MALDI-TOFMS (w/z): C;,H,,NSi (M*) 453.
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[0388] Synthesis of Compound 4

[0389] 1.1 g (22%) of Compound 4 was prepared in the
same manuer as Compound 1 in Synthesis Example 1, except
that Compound L4 (2.912 g, 6.43 mmol) was used instead of
Compound L1. The obtained compound was confirmed by
Mass and HPLC.

[0390] HRMS (MALDI-TOF)caled for C,H,,IrN, Si: m/z
953.2777. Found: 953.2775.

Synthesis Example 5

Synthesis of Compound 97

[0391]

CD;
2-ethoxyethanol/H,O
+ ECLH,0m ———————
reflux, 24 h
Ny
/
CD;
N N
Z N al B
\1/ N AgOTf
.y I —_—
4 \01/ N MC/MeOH, rt

s




US 2016/0164012 Al

120

-continued

F
N~
Si
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N
—_—
FtOH, 18 h
L1
CD;
A
N
N,/
7
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[0392] Synthesis of Compound E
[0393] 2-(5-(methylD,))phenylpyridine (8.74 g, 33.07

mmol) and iridium chloride (7.95 g, 22.5 mmol) were mixed
with 120 mL of ethoxyethanol and 40 mL of distilled water.
The mixture was stirred for 24 hours under reflux to perform
areaction. The temperature was then decreased to room tem-
perature. A solid generated therefrom was separated by fil-
tration, and thoroughly washed with water, methanol, and
hexane sequentially in this stated order. The resultant solid
was dried in a vacuum oven to obtain Compound E (11 g,
86%).
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[0394]

[0395] Compound E (4.59 g, 4.02 mmol) was mixed with
210 mL of MC, and AgOTf (2.07 g, 8.04 mmol) dissolved in
70 mL of methanol was added thereto. Thereafter, while light
was blocked by using an aluminum foil, a reaction was per-
formed at room temperature for 18 hours. The generated solid
was removed therefrom by celite filtration. A filtrate was
placed under reduced pressure to obtain a solid (Compound
F), which was used in the subsequent reaction without addi-
tional purification.

[0396]

[0397] 1.7 g (34%) of Compound 97 was prepared in the
same manrer as Compound 1 in Synthesis Example 1, except
that Compound F was used instead of Compound B. The
obtained compound was confirmed by Mass and HPLC.

[0398] HRMS (MALDI-TOF) caled for CsoH, DIrN,Si:
m/z 911.3154. Found: 911.3154.

Synthesis of Compound F

Synthesis of Compound 97

Synthesis Example 6

Synthesis of Compound 99

[0399]

DiC

F
Si
7 |
AN
—_—
EtOH, 18 h
13
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[0400] 1.4 g (28%) of Compound 99 was prepared in the
same manner as Compound 1 in Synthesis Example 1, except
that Compound F was used instead of Compound B and
Compound L3 (2.767 g, 6.39 mmol) was used instead of
Compound L1. The obtained compound was confirmed by
Mass and HPLC.

[0401] HRMS (MALDI-TOF) caled for Cs,H,,DIrN,Si:
m/z 967.3780. Found: 967.3781.

Synthesis Example 7

Synthesis of Compound 100
[0402]

F
Si
7 |
AN
—_—
EtOH, 18 h

L4
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100

[0403] 1.07 2(21%) of Compound 100 was prepared in the
same manner as Compound 1 in Synthesis Example 1, except
that Compound F was used instead of Compound B and
Compound L4 (2.755 g, 6.08 mmol) was used instead of
Compound L1. The obtained compound was confirmed by
Mass and HPLC.

[0404] HRMS (MALDI-TOF) caled for C5H o DIrN,Si:
m/z 987.3467. Found: 987.3469.

Synthesis Example 8

Synthesis of Compound 145

[0405]
&
Sl
2-ethoxyethanol/H,O
+  kClL(H,0m
reflux, 24 h
g
Y
\|./ \|./
Si Si
8 ]
a\ al AN
\1/ \1/ AgOTf
I I
2 \c1/ N MCMeOH, rt
L —2 L —
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[0406] Synthesis of Compound G

[0407] 2-(4-(trimethylsilyl))phenylpyridine (7.05 g, 33.07
mmol) and iridium chloride (5.18 g, 14.7 mmol) were mixed
with 75 mL of ethoxyethanol and 25 mL of distilled water.
The mixture was stirred for 24 hours under reflux to perform
areaction. The temperature was then decreased to room tem-
perature. A solid generated therefrom was separated by fil-
tration, and thoroughly washed with water, methanol, and
hexane sequentially in this stated order to obtain a solid,

which was then dried in a vacuum oven to obtain Compound
G (9.01 g, 90%).

[0408]

[0409] Compound D (2.78 g, 2.04 mmol) was mixed with
60mL of MC, and AgOT£(1.05 g, 4.08 mmol) dissolved in 20
mL of methanol was added thereto. While light was blocked
by using aluminum foil, a reaction was performed at room
temperature for 18 hours. The generated solid was removed
by filtration through celite and a filtrate was placed under
reduced pressure to obtain a solid (Compound H), which was
used in the subsequent reaction without additional purifica-
tion.

[0410]

[0411] 1.4 g (27%) of Compound 145 was prepared in the
same manuer as Compound 1 in Synthesis Example 1, except
that Compound H was used instead of Compound B. The
obtained compound was confirmed by Mass and HPLC.

[0412] HRMS (MALDI-TOF) caled for Cs,H, DIrN,Si:
m/z 1021.3255. Found: 10213253,

Synthesis of Compound H

Synthesis of Compound 145

Synthesis Example 9

Synthesis of Compound 146

[0413]
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146

[0414] 1.9 g (32%) of Compound 146 was prepared in the
same manner as Compound 1 in Synthesis Example 1, except
that Compound H was used instead of Compound B and
Compound 1.2 (2.727 g, 6.96 mmol) was used instead of
Compound L.1. The obtained compound was confirmed by
Mass and HPLC.

[0415] HRMS (MALDI-TOF) caled for CssHssDgIrN,Si:
m/z 1035.3411. Found: 1035.3410.

Synthesis Example 10

Synthesis of Compound 147
[0416]
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B —
FtOH, 18 h

147

[0417] 1.8 g (30%) of Compound 147 was prepared in the
same manner as Compound 1 in Synthesis Example 1, except
that Compound H was used instead of Compound B and
Compound L3 (2.901 g, 6.69 mmol) was used instead of
Compound L1. The obtained compound was confirmed by
Mass and HPLC.

[0418] HRMS (MALDI-TOF) caled for CsHg, D ItN,Si:
m/z 1077.3881. Found: 1077.3881.

Synthesis Example 11

Synthesis of Compound 148
[0419]
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[0420] 1.7 g (28%) of Compound 148 was prepared in the
same manner as Compound 1 in Synthesis Example 1, except

that Compound H was used instead of Compound B and 7

Compound 14 (2.973 g, 6.56 mmol) was used instead of

Compound I.1. The obtained compound was confirmed by ~ | s

Mass and HPLC. S

[0421] HRMS (MALDI-TOF) caled for CyoHsDgIrN,Si:

m/z 1097.3568. Found: 1097.3569. 7 |
AN

Synthesis Example 12

B ——
FtOH, 18 h

Synthesis of Compound 217
[0422]

DyC

LOWILO 2-ethoxyethanol/H,O L1
+ [l ———

(O reflux, 24 1

\N

A
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[0423] Synthesis of Compound I
[0424] CompoundI(10.6 g, 83%) was prepared in the same

manner as Compound E in Synthesis Example 5, except that
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2-(4-(methylD;))phenylpyridine (8.74 g, 33.07 mmol) was
used instead of 2-(5-(methylD,))phenylpyridine.

[0425] Synthesis of Compound J

[0426] Compound J was prepared in the same manner as
Compound F in Synthesis Example 5, except that Compound
1(8.74 g, 33.07 mmol) was used instead of Compound E.
[0427] Synthesis of Compound 217

[0428] 1.3 g (22%) of Compound 217 was prepared in the
same manner as used to synthesize Compound 97 in Synthe-
sis Example 5, except that Compound J was used instead of
Compound F. The obtained compound was confirmed by
Mass and HPLC.

[0429] HRMS (MALDI-TOF) caled for C5,H; DIrN, Si:
m/z 911.3154. Found: 911.3152.

Evaluation Example 1
Evaluation on HOMO, LUMO, and Triplet (T))

Energy Levels

[0430] HOMO, LUMO and T, energy levels of Com-
pounds 1, 2, 3, 4, 97, 99. 100, 145, 146, 147, 148, and 217
were evaluated according to the method indicated in Table 2,
and results thereof are shown in Table 3.

TABLE 2

HOMO energy level
evaluation method

LUMO energy level
evaluation method

T1 energy level
evaluation method

A potential (V)-current (A) graph of each compound was obtained by using
cyclic voltammetry (CV) (electrolyte: 0.1 molar (M) Bu,NPF4/solvent:
CH,Cl,/electrode: 3-electrode system (working electrode: Pt disc (ina
diameter of 1 millimeter (mm)), reference electrode: Pt wire, and auxiliary
electrode: Pt wire)). From oxidation onset of the graph, a HOMO energy
level of the compound was calculated.

Fach compound was diluted at a concentration of 1 x 10> M in CHCl3, and an
UV absorption spectrum thereof was measured at room temperature by
using a Shimadzu UV-350 spectrometer. A LUMO energy level thereof

was calculated by using an optical band gap (Eg) from an edge of the
absorption spectrum and HOMO energy levels.

A mixture (each compound was dissolved in an amount of 1 milligram (mg)
in 3 cubic centimeters (cc) of toluene) of toluene and each compound was
loaded into a quartz cell. The resultant quartz cell was loaded into liquid
nitrogen (77 Kelvins (K)) and a photoluminescence spectrum thereof was
measured by using a device for measuring photoluminescence. The
obtained spectrum was compared with a photoluminescence spectrum
measured at room temperature, and peaks observed only at low

temperature were analyzed to calculate T energy levels.

TABLE 3
HOMO (V)  LUMO (eV)
Compound No. (found) (found) T, energy level (eV)
1 -5.054 -2.594 2.358
2 -5.029 -2.573 2.354
3 -5.025 -2.540 2.383
4 -5.038 -2.607 2.329
97 -3.002 -2.547 2.353
99 -4.975 -2.500 2.373
100 -4.984 -2.553 2.329
145 -5.012 -2.557 2.353
146 -4.992 -2.541 2.349
147 -4.986 -2.509 2.375
148 -5.003 -2.581 2.320
217 -4.984 -2.547 2.335
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[0431] From Table 3, it was confirmed that Compounds 1,
2,3,4,97,99, 100, 145, 146, 147, 148, and 217 have electric

characteristics suitable for use as a material for an organic
light-emitting device.

Example 1
[0432] An ITO glass substrate was cut to a size of 50

mmx50 mmx0.5 mm sonicated in acetone isopropy! alcohol
and pure water, each for 15 minutes, and then, washed by
exposure to UV ozone for 30 minutes.

[0433] Subsequently, on the ITO electrode (anode) on the
glass substrate, m-MTDATA was deposited at a deposition
speed of 1 Angstroms per second (A /sec) to form a hole
injection layer having a thickness of 600 A, and o-NPD was
deposited on the hole injection layer at a deposition speed of
1 A/sec to form a hole transport layer having a thickness of
250 A.

[0434] Compound 1 (dopant) and CBP (host) were co-
deposited on the hole transport layer at a deposition speed of
0.1 Ajsec and a deposition speed of 1 A/sec, respectively, to
form an emission layer having a thickness of 400 A.

[0435] BAlq was deposited on the emission layer at a depo-
sition speed of 1 A/sec to form a hole blocking layer having a
thickness of 50 A. Alq, was deposited on the hole blocking
layer to form an electron transport layer having a thickness of
300 A. LiF was deposited on the electron transport layer to
form an electron injection layer having a thickness of 10 A. Al
was vacuum deposited on the electron injection layer to form
a second electrode (cathode) having a thickness of 1,200 A,
thereby completing the manufacture of an organic light-emit-
ting device having a structure of ITO/m-MTDATA (600
A)/a-NPD (250 A)/CBP+10% (Compound 1) (400 A)/Balq
(50 A)/Alg,(300 AYLiF(10 A)/Al(1200 A).

Examples 2 to 4 and Comparative Examples 1 and 2

[0436] Organic light-emitting devices were manufactured
in the same manner as in Example 1, except that in forming an
emission layer, for use as a dopant, corresponding com-
pounds shown in Table 4 were used instead of Compound 1.

Evaluation Example 2

Evaluation on Characteristics of Organic
Light-Emitting Devices

[0437] The driving voltage, current efficiency and lifespan
of the organic light-emitting devices manufactured according
to Examples 2 to 4 and Comparative Examples 1 and 2 were
evaluated by using Keithley 2400 and luminance meter
Minolta Cs-1000A. The driving voltage and current effi-
ciency of the organic light-emitting devices of Examples 2 to
4 and Comparative Examples 1 and 2 were expressed in a
relative value with respect to the driving voltage and current
efficiency of the organic light-emitting device of Example 1
which were each expressed as “100”. Their relative values are
shown in Table 4. Regarding Table 4, a lifespan (T,s) indi-
cates a time that lapses when luminance is decreased to 95%
of the initial luminance under 6,000 nit, which is 100%, after
driving. In Table 4, the lifespans (T,5) of Examples 2 to4 and
Comparative Examples 1 and 2 are expressed as relative
values when the lifespan (Ts5) of the organic light-emitting
device of Example 1 is “100.”
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TABLE 4
Driving  Efficiency
voltage (cd/A) Lifespan (hr)
(V) (relative  (relative  (Tys, at 6,000 nit)
Dopant value) value) (relative value)
Example 1 1 100 100 100
Example 2 145 88 121 114
Example 3 147 87 129 113
Example 4 217 92 109 105
Comparative Ir(ppy)s 121 86 36
Example 1
Comparative ~ Compound 108 91 43
Example 2 A
1
-
Si
Z N\ /N\
N Ir
— =12
145
T™S Ny
| A = |
Va N\ AN
N/
V
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[0438] From Table 4, it was confirmed that the organic
light-emitting devices of Examples 1 to 4 had lower driving
voltage, higher efficiency, and longer lifespan than the
organic light-emitting devices of Comparative Examples 1
and 2.

[0439] Organometallic compounds according to embodi-
ments of the present disclosure have excellent electric char-
acteristics and thermal stability. Accordingly, organic light-
emitting device including such organometallic compounds
may have excellent driving voltage, current efficiency, power,
and lifetime characteristics.
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[0440] Tt should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0441] While one or more exemplary embodiments have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the present inventive concept as
defined by the following claims.

What is claimed is:

1. An organometallic compound represented by Formula 1:

ML n1 L)z Formula 1

Formula 2
[SIR)R2)R3)]s5

7

/-
?_(Rll)bl
7/

AN
®!

PCY = Ron

\
A \"

[SiR)R5)(Re)]s6

wherein M in Formula 1 is selected from Ir, Pt, Os, Ti, Zr,
Hf, Eu, Tb, Tm, and Rh,

L, in Formula 1 is selected from ligands represented by
Formula 2,

nlis 1,2, or3, provided that when n1 is 2 or greater, two or
more groups L, are identical to or different from each
other,

L, in Formula 1 is selected from a monovalent organic
ligand, a divalent organic ligand, a trivalent organic
ligand, and a tetravalent organic ligand,

n2is 0, 1,2, 3, or 4, provided that when n2 is 2 or greater,
two or more groups L, are identical to or different from
each other,

L, and L, in Formula 1 are different from each other,

CY, in Formula 2 is a C,-C, 4 condensed cyclic ring i) in
which two to four unsaturated 6-membered rings are
condensed to each other and ii) which optionally has N
as a ring forming atom,

R, toRg, Ry, and R, in Formula 2 are each independently
selected from hydrogen, deuterium, —F, —Cl, —Br,
—I, —SF,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a substituted or unsubstituted
C,-Cq alkyl group, a substituted or unsubstituted
C,-Cq, alkenyl group, a substituted or unsubstituted
C,-Cy, alkynyl group, a substituted or unsubstituted
C,-Cqo alkoxy group, a substituted or unsubstituted
C;-Cy, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C4-Cy, aryl group, a substituted
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or unsubstituted C4-C, aryloxy group, a substituted or
unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic

group, —Si(Q,)(Q)(Q5), —N(Q.)Qs), —B(Q)(Qy),

and —P(=0)(Qz)(Qo);
b1, b2, b5, and b6 in Formula 2 are each independently an

integer selected from 0 to 4, provided that the sum of b5
and b6 is 1 or greater,

each of * and *'in Formula 2 indicates a binding site to M
in Formula 1, and

at least one of substituents of the substituted C,-C,, alkyl
group, substituted C,-Cg, alkenyl group, substituted
C,-C, alkynyl group, substituted C,-C, alkoxy group,
substituted C;-C, , cycloalkyl group, substituted C,-C
heterocycloalkyl group, substituted C,-C,, cycloalk-
enyl group, substituted C,-C,, heterocycloalkenyl
group, substituted C4-Cy,, aryl group, substituted C4-Cy,
aryloxy group, substituted C,-C,, arylthio group, sub-
stituted C,-Cy, heteroaryl group, substituted monova-
lent non-aromatic condensed polycyclic group, and sub-
stituted monovalent  non-aromatic  condensed
heteropolycyclic group is selected from

deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,,—CF,,—CF,H, —CFH,, ahydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C,-C,, alkyl group,
a C,-Cy, alkenyl group, a C,-C, alkynyl group, and a
C,-C,, alkoxy group;

a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, and a C,-Cq, alkoxy group, each substi-
tuted with at least one selected from deuterium, —F,
—(Cl, —Br, —I, —CD,, —CD,H, —CDH,, —CF,,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or asalt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,-C,, cycloalkenyl
group, a C,-C, , heterocycloalkenyl group, a C4-Cy, aryl
group, a C¢-Cy, aryloxy group, a C-C arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,)

Q)Q13), —N@Q)Qis). —B(Qi6)(Qy7). and
—P(=0)Q,)Qy0);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C | cycloalkenyl group, a C,-C, , heterocy-
cloalkenyl group, a C,-C,, aryl group, a C-C, aryloxy
group, a C4-Cgy arylthio group, a C,-Cq, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group;

a C;-C,, cycloalkyl group, a C,;-C,, heterocycloalkyl
group, a C5-C | cycloalkenyl group, a C,-C, , heterocy-
cloalkenyl group, a C-C,, aryl group, a Cy-C, aryloxy
group, a Cy-Cg, arylthio group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, each substituted with at least
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one selected from deuterium, —F, —Cl, —Br, —I,
—CD,,—CD,H, —CDH,,—CF;,—CF,H,—CFH,,a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cy, alkyl group, a C,-C, alkenyl group, a C,-Cy,
alkynyl group, a C,-Cg, alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,q cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C,-Cy, aryl group, a C,-C, aryloxy group,
a C4-Cg, arylthio group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic

group, —Si(Q,,)(Q52)(Qs3), —N(Q,)(Q55), —B(Qs6)
(Qy7); and —P(=0)(Q4)(Qy); and
—Si(Q31)(Q52)(Qs3),  —N(Q3)(Qs5),  —B(Qs6)(Qs57),

and —P(=0)(Q3;)(Q1,), wherein Q, 10 Q,, Q,; 10 Qs
Q,; to Qu, and Qs to Q,, are each independently

selected from hydrogen, deuterium, —F, —Cl, —Br,
—1I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C,-Cg, alkenyl
group, a substituted or unsubstituted C,-C, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C,-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,,
cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg, aryl group, a substituted or unsub-
stituted C4-Cg, aryloxy group, a substituted or unsubsti-
tuted C4-Cg, arylthio 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 condensed heteropolycyclic
group.

2. The organometallic compound of claim 1, wherein

in Formula 1, M is Ir and the sum of nl and n2 is 3; or M is
Pt and the sum of nl and n2 is 2.

3. The organometallic compound of claim 1, wherein

CY, in Formula 2 is selected from a naphthalene, a phenan-
threne, an anthracene, a triphenylene, a pyrene, a chry-
sene, a naphthacene, a tetraphene, a tetracene, a quino-
line, an isoquinoline, a benzoquinoline, a phthalazine, a
naphthyridine, a quinoxaline, a quinazoline, a cinnoline,
a phenanthridine, an acridine, a phenanthroline, and a
phenazine.

4. The organometallic compound of claim 1, wherein

R,, and R, in Formula 2 are each independently selected
from

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

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
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—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C , alkyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a nor-
bornanyl 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;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a nor-
bornanyl 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 fluoran-
theny! group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group,
an isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a nor-
bornanyl 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 fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group,
an isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from deute-
rium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxylic acid
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or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a cyclopenty! group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, an ada-
mantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopenteny! group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
afluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthrolinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group. a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, and an imidazopyri-
midinyl group; and

—B(Qs)(Q,) and —P(=0)(Q)(Q);

wherein Q, to Q, are each independently selected from

—CH,, —CD,;, —CD,H, —CDH, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH;,,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,(CD,, —CD,CD,H, and —CD,CDH,;

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

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 deute-
rium, a C,-C,, alkyl group, and a phenyl group.

5. The organometallic compound of claim 1, wherein

R,, and R, in Formula 2 are each independently selected
from

hydrogen, deuterium, —F, a cyano group, a nitro group,
—SF,, 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 group, a norbornanyl
group, a norbornenyl group, a cyclopentenyl group, a
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cyclohexenyl group, a cycloheptenyl group, a phenyl
group, a naphthyl group, a pyridinyl group, and a pyri-
midinyl group;

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, atert-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, asec-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-nony! 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 cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, an
adamantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopenteny! group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
a pyridinyl group, and a pyrimidinyl group, each substi-
tuted with at least one selected from deuterium, —F,
—CD,,—CD,H,—CDH,,—CF,,—CF,H,—CFH,, a
cyano group, a nitro group, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a cyclopenty! group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, an ada-
mantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
a pyridiny] group, and a pyrimidinyl group; and

—B(Q6)(Q;) and —P(=0)(Qs)(Qs),

wherein Q, to Q, are each independently selected from

—CH,, —CD,, —CD,H, —CDH, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCHj,,
—CHDCD,H, —CHDCDH,, —CHDCD,,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

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

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 deute-
rium, a C,-C, , alkyl group, and a phenyl group.

6. The organometallic compound of claim 1, wherein

R, to RginFormula 2 are each independently selected from

a C,-C,, alkyl group, a phenyl group, and —Si(Q,)(Q,)
(Qs); and

aC,-C,, alkyl group and a phenyl group, each substituted
with at least one selected from a deuteriumand a C,-C,,
alkyl group,

wherein Q, to Q, are each independently selected from

—CH,, —CD,, —CD,H, —CDH, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCHj,,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

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
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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 deute-
rium, a C,-C,, alkyl group, and a phenyl group.

7. The organometallic compound of claim 1, wherein

R,, and R, in Formula 2 are each independently selected
from hydrogen, deuterium, —F, a cyano group, a nitro
group, —SF;, —CH,;, —CD,;, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, groups represented by For-
mulae 9-1 to 9-19, and groups represented by Formulae
10-1 to 10-38, and

R, to RzinFormula 2 are each independently selected from

~CH,, —CD,, —CDH -~ CDH, - CHCH,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
~CHDCD,H,  —CHDCDH,,  —CHDCD,,

—CD,CD;, —CD,CD,H, and —CD,CDH,;

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-penty! group a
tert-pentyl group, a phenyl group, and —Si(Q,)(Q,)
(Q,): and

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

wherein Q, to Q, are each independently selected from

—CH,, —CD,;, —CD,H, —CDH, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH;,
—CHDCD,H, —CHDCDH,, —CHDCD;,
—CD,CD,;, —CD,CD,H, and —CD,CDH,;

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

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 deute-
rium, a C,-C,, alkyl group, and a phenyl group:

Formula 9-1

Formula 9-2

Formula 9-3

Formula 9-4
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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

Formula 9-14

Formula 9-15

Formula 9-16

Formula 9-17

Formula 9-18

Formula 9-19
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Formula 10-1

Formula 10-2

Formula 10-3

Formula 10-4

Formula 10-5

Formula 10-6

Formula 10-7

Formula 10-8

Formula 10-9

Formula 10-10

Formula 10-11
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Formula 10-12

Formula 10-13

Formula 10-14

Formula 10-15

Formula 10-16

Formula 10-17

Formula 10-18

Formula 10-19

Formula 10-20

Formula 10-21
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Formula 10-22

Formula 10-23

Formula 10-24

Formula 10-25

Formula 10-26

Formula 10-27

Formula 10-28

Formula 10-29

Formula 10-30
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Formula 10-31
Formula 2(1)

SiRR2)(R3)

T R

Formula 10-32

Formula 10-33 . .
wherein CY,, R, to R,, R;;, R}, b1, and b2 in Formula

2(1) are the same as in claim 1, and each of* and *
indicates a binding site to M in Formula 1.

10. The organometallic compound of claim 1, wherein

L, in Formula 1 is selected from ligands represented by
Formulae 2-1 to 2-47:

Formula 10-34

Formula 2-1

[SiRDR)R3)]os

N

Formula 10-35 /N N

*

# X,
6
<

Formula 2-2
Formula 10-36 [Si(RDR2)Re)as

s
T R
*/N\

Formula 10-37 X A
Xs

XZ\ X4
\X3/

:%g%@g@;

Formula 2-3

[SiRDR2)R3)]es

= ®RiDu

Formula 10-38

3

wherein * in Formulae 9-1 to 9-19 and 10-1 to 10-38
indicates a binding site to a neighboring atom.

8. The organometallic compound of claim 1, wherein

b5is 1, 2, or 3.

9. The organometallic compound of claim 1, wherein

L, in Formula 1 is selected from ligands represented by
Formula 2(1):
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Formula 2-8

Formula 2-9

Formula 2-10

Formula 2-11
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Formula 2-25

Formula 2-26

Formula 2-27
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-continued -continued

Formula 2-28 ) Formula 2-32
[BiRDR2IR3)]es [SiRNR2R3)]es
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Formula 2-30 o Formula 2-34
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Formula 2-31
[SiRDR2)R3)]es
/ /m Formula 2-35
L 7 River [SIRDR2)R3)]o5
— Rial
7z Xjo




US 2016/0164012 Al Jun. 9, 2016

138
-continued -continued
Formula 2-36 Formula 2-39
[SiRDR2)R3) b5 [SiR)R2)R3)]e5
R 7 Ris
Formula 2-40
Formula 2-37
[SIRDRIR3)]ss
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Formula 2-41
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Formula 2-38
[SiR)R2)(R3)]zs
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Formula 2-42
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-continued
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-continued

Formula 2-47
Formula 2-43 [Si(R)(Ro) Rs)is

L,

N
7 .
! X
8\\X7
|
2 X6
Xi Xs
I
X0 22X
\X3/

wherein, in Formulae 2-1 to 2-47,

Formula 2-44 R, to R, Ry, and bl are the same as in claim 1,

b5is1,2,0r3,

X, isNorC(R,,), X, is NorC(R,,), X;is Nor C(R,;). X,
is Nor C(R,,), X5 is Nor C(R,s), X is Nor C(R,), X,
isNorC(R,,), XgisNor C(R,;), X5 is Nor C(R,,), X,
is N or C(R;),

R,, to R;, are the same as in claim 1 in connection with
R125 and

each of * and * indicates a binding site to M in Formula 1.
11. The organometallic compound of claim 1, wherein

Formula 2-45 L, in Formula 1 is selected from ligands represented by
Formula 2BA:

Formula 2BA
[SiR)R2)(R3)]zs

Formula 2-46 Ry

Ry

wherein, in Formula 2BA,
R, to R;, Ry, and b1 are the same as in claim 1,
b5 is an integer selected from 1 to 4,

R,,, t0 R;,; are the same as in claim 1 in connection with
R12s and

each of * and * indicates a binding site to M in Formula 1.
12. The organometallic compound of claim 1, wherein

L, in Formula 1 is selected from ligands represented by
Formulae 2BA-1 to 2BA-5:
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SiR)(Ry)(R3)

SIRR2)Rs)

_::§>__
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Formula 2BA-1

Formula 2BA-2

Formula 2BA-3

Rp
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-continued
Formula 2BA-4
SiR)R2)(R3)
/
® - N X
l Rp
Formula 2BA-5

SiR)(Ry)(Rz)

AN

®!

Ri

wherein, in Formulae 2BA-1 to 2BA-5,

R,, and R, are each independently selected from

deuterium, —F, a cyano group, a nitro group, —SF5, 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, asec-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 cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, an
adamantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopenteny! group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
a pyridinyl group, and a pyrimidinyl group;

a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a 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, asec-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
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group, a tert-nony! 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 cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, an
adamantanyl group, a 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 substi-
tuted with at least one selected from deuterium, —F,
—CD,,—CD,H, —CDH,,—CF;,—CF,H,—CFH,, a
cyano group, a nitro group, a C;-C,, alkyl group, a
C,-C,, alkoxy group, a cyclopenty! group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, an ada-
mantanyl group, a norbornanyl group, a norbornenyl
group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
a pyridiny] group, and a pyrimidinyl group and

—B(Qs)(Q;) and —P(=OXQuQ).

wherein Q, to Q, are each independently selected from

—CH,, —CD,, —CD,H, —CDH, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCHj,,
—CHDCD,H, —CHDCDH,, —CHDCD,,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

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

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 deute-
rium, a C,-C,, alkyl group, and a phenyl group,

R, to R; are each independently selected from

—CH,, —CD,, —CD,H, —CDH, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCHj,
—CHDCD,H, —CHDCDH,, —CHDCD,,
—CD,CD,, —CD,CD,H, and —CD,CDH,;

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

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 deute-
rium, a C,-C, , alkyl group, and a phenyl group, and

each of * and *' indicates a binding site to M in Formula 1.

13. The organometallic compound of claim 1, wherein

L, in Formula 1 is selected from ligands represented by
Formulae 3A to 3G:

Formula 3A

.-
/ \

A
Vg (Zy)at

?

¥
1

o Yo
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-continued
Formula 3B
O 6]
e \K
£ Y
N8
Yie N
S Eara Z3)x
Formula 3C
* C=C—Ry
Formula 3D
R
Raze=—A— Ry
*
Formula 3E
Rs3, Y B_zz'j/stb
Xia X
\* *’/
Formula 3F
Raar
x5 ‘{?X
12 12
N/
& kM
Formula 3G
Rssp Rjsc
Rssq Risz
X134 Xi3p
\
* k!

wherein, in Formulae 3A to 3G,

Y,, toY ¢ are each independently Cor N,Y,, and Y, are
connected to each other via a single bond or a double
bond, Y,; and Y, are connected to each other via a
single bond or adouble bond, Y, s andY 4 are connected
to each other via a single bond or a double bond,

CY; to CY are each independently selected from a C5-Cy,
carbocyclic group and a C,-C, heterocyclic group,

al to a3 are each independently an integer selected from 1
to 5, A, is P or As,

X1 Xi1ps Xiza Xi2p X3 and X, 5, are each indepen-
dently selected from N, O, N(R;,), P(R;5)(R5¢), and
As(R,,)(Ryg) (provided that X, 5 ,, X5, X5, and X 5,
are neither N nor O),

R;3 and R, are each independently selected from a
single bond, a double bond, a substituted or unsubsti-
tuted C,-C; alkylene group, a substituted or unsubsti-
tuted C,-C, alkenylene group, and a substituted or
unsubstituted C4-C, , arylene group,

21075, R;5 1 R0 Rynp Ry Ras 0 Rz Ryy 10 Ryg Ry

356 Rise and Rys, are each independently selected
from hydrogen, deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
asubstituted or unsubstituted C, -C,,, alkyl group, a sub-
stituted or unsubstituted C,-C, alkenyl group, a substi-
tuted or unsubstituted C,-Cg, alkynyl group, a substi-
tuted or unsubstituted C,-Cq, alkoxy group, a
substituted or unsubstituted C5-C,, cycloalkyl group, a
substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
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enyl group, a substituted or unsubstituted C, -C, , hetero-
cycloalkenyl group, a substituted or unsubstituted
Cs-Cg aryl group, a substituted or unsubstituted C4-Cy,
aryloxy group, a substituted or unsubstituted C¢-Cy,
arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monova-
lent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic con-

densed heteropolycyclic group, —Si(Q,)(Q,)Qs),
—N(Q4)(Qs5), —B(Q)(Q;), and —P(=0)(Q5)(Qy),

each of * and *' indicates a binding site to M in Formula 1,
and

at least one of substituents of the substituted C,-C; alky-
lene group, substituted C,-C alkenylene group, substi-
tuted C4-C,, arylene group, substituted C,-Cg, alkyl
group, substituted C,-Cg, alkenyl group, substituted
C,-Cg alkynyl group, substituted C,-C, alkoxy group,
substituted C;-C, , cycloalkyl group, substituted C, -C, ,
heterocycloalkyl group, substituted C,-C,, cycloalk-
enyl group, substituted C,-C,, heterocycloalkenyl
group, substituted C.-C,,, aryl group, substituted C¢-Cy,
aryloxy group, substituted C,-C,, arylthio group, sub-
stituted C,-Cy, heteroaryl group, substituted monova-
lent non-aromatic condensed polycyclic group, and sub-
stituted  monovalent  non-aromatic  condensed
heteropolycyclic group is selected from

deuterium, —F, —Cl, —Br, —I, —CD,;, —CD,H,
—CDH,,—CF,,—CF,H, —CFH,, ahydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid or a salt thereof, a sulfonic acid or a salt thereof,
aphosphoric acid or a salt thereof, a C, -Cg, alkyl group,
a C,-Cg, alkenyl group, a C,-Cq, alkynyl group, and a
C,-Cy, alkoxy group;

a C,-Cq, alkyl group, a C,-C, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substi-
tuted with at least one selected from deuterium, —F,
—Cl, —Br, —1, —CD,, —CD,H, —CDH,, —CF,,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or asalt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C5-C, , cycloalkenyl
group, aC,-C, ; heterocycloalkenyl group, a C4-Cy, aryl
group, a C¢-Cy,, aryloxy group, a Cg-Cy, arylthio group,
a C,-Cg, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —Si(Q,,)

Q)Q13), —N@Q)Qis). —B(Qi6)(Qy7), and
*P(:O)(Q15)(Q19);

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C |, cycloalkenyl group, a C,-C, , heterocy-
cloalkenyl group, a C4-C, aryl group, a C¢-C, aryloxy
group, a C4-Cy, arylthio group, a C,-Cq, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group;

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C, , cycloalkenyl group, a C;-C, , heterocy-
cloalkenyl group, a C4-Cy, aryl group, a C¢-C, aryloxy
group, a C,-Cq, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, each substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I,
—CD,,—CD,H,—CDH,,—CF;,—CF,H,—CFH,, a
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hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a sulfonic
acid or a salt thereof, a phosphoric acid or a salt thereof,
aC,-Cq, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, a C,;-Cg, alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, aC-Cg, aryl group, a C-C, aryloxy group,
a C4-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic
group, —Si(Q;,)(Q22)(Qa3); —N(Q24)(Qa5), —B(Q26)
(Q27). and —P(—0)(Q15)(Q00); and

7SI(Q3 1 )(QSZ)(QSS)? 7N(Q34)(Q35)7 7B(Q3 6)(Q37)7
and —P(=0)(Q33)(Qs0)

398

whereinQ, t0 Qy, Q,; 10 Qy g, Q5,10 Qz0,and Q5 to Qygare
each independently selected from hydrogen, deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or asalt
thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a substituted or unsubstituted
C,-Cq alkyl group, a substituted or unsubstituted
C,-Cqo alkenyl group, a substituted or unsubstituted
C,-Cqo alkynyl group, a substituted or unsubstituted
C,-C¢, alkoxy group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C4-C, aryl group, a substituted
or unsubstituted C4-Cy, aryloxy group, a substituted or
unsubstituted C4-Cq, arylthio group, a substituted or
unsubstituted C,-Cg,, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group.

14. The organometallic compound of claim 13, wherein

L, is selected from ligands represented by Formulae 3A,
3B, and 3F,

Y,, inFormula3A is N,

Y,,t0Y,,inFormula3A is C,

CY; in Formula 3A is selected from a pyridine, a 5,6,7,8-
tetrahydroquinoline, a 5,6,7,8-tetrahydroisoquinoline, a
quinoline, and an isoquinoline,

CY, in Formula 3A is selected from a benzene, 1,2,3,4-
tetrahydronaphthalene, a naphthalene, a fluorene, a
dibenzofuran, adibenzothiophene, a benzofuropyridine,
and a benzothienopyridine,

Y, in Formula 3B is C,

Y,¢1n Formula 3B is N,

CY in Formula 3B is a pyridine or a pyrimidine,

Z, to Z, in Formulae 3A and 3B are each independently
selected from a hydrogen, deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, —SFs, C,-C,, alkyl group,and a C,-C,,, alkoxy
group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from 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,
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ahydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C ; alkyl group, a
cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a not-
bornanyl 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;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a nor-
bornanyl 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 fluoran-
thenyl group. a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group,
an isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a nor-
bornanyl 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 fluoran-
thenyl group. a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl
group, a phenanthrolinyl group, a benzoimidazolyl
group, a benzofuranyl group, a benzothiophenyl group,
an isobenzothiazolyl group, a benzoxazolyl group, an
isobenzoxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imida-
zopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from deute-
rium, —F, —Cl, —Br, —1, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
ahydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a cyclopenty! group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, an ada-
mantanyl group, a norbornanyl group, a norbornenyl
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group, a cyclopenteny! group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group,
afluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group,
a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group,
a quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthrolinyl group, a
benzoimidazolyl group, a benzofuranyl group, a ben-
zothiophenyl group, an isobenzothiazolyl group, a ben-
zoxazolyl group, an isobenzoxazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group. a triazi-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, and an imidazopyri-
midinyl group; and

—SiQ)(Q2)(Q3).  —N(QL)Qs),
7P(:O)(Q8)(Q9)s

whereinal to a3 are each independently an integer selected
from 0 to 4,

and

—BQo)Q,):

from among groups Z, in the number of al, groups Z, inthe
number of a2, and groups Z; in the number of a3, two or
more neighboring substituents are optionally bonded to
form a Cs-C,, carbocyclic group or a C,-C,, heterocy-
clic group,

Q, to Q, are each independently selected from

~CH,, —CD,, —CD;H, —CDH, - CHCH,
— CH,CD;, —CH,CD,H, —CH,CDH,, —CHDCHL,
—CHDCD,H, ~ —CHDCDH,,  —CHDCD,,

—CD,CDs, —CD,CD,H, and — CD,CDH,;

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

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 deute-
rium and a C,-C,, alkyl group,

X,,, and X, in Formula 3F is 0, and
R,,. in Formula 3F is selected from
a C,-C, alkenylene group; and

a C,-C5 alkenylene group, substituted with at least one
selected from deuterium, a C,-C,, alkyl group,aC,-C,,
alkoxy group, and a phenyl group.

15. The organometallic compound of claim 1, wherein

L, in Formula 1 is selected from ligands represented by
Formulae 3-1(1) to 3-1(60), 3-1(61) to 3-1(69). 3-1(71)
t03-1(79),3-1(81) t0 3-1(88), 3-1(91) t0 3- 1(98), 3-111
and 3-112:
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Formula 3-1(1)
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Formula 3-1(61)
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wherein, in Formulae 3-1(1) to 3-1(60), 3-1(61) to 3-1(69),
3-1(71) to 3-1(79), 3-1(81) to 3-1(88), 3-1(91) to 3-1
(98), 3-111, and 3-112,

20,2021 020020y 2y gy Ly Loy L3 74 R Ri g and
R,,. are each independently selected from deuterium,
—F, a cyano group, a nitro group, —SF5, —CH;,
—CD,, —CD,H, —CDH,, —CF,, —CF,H, —CFH,,
CSIQUQIQ): - NQIQ),  —BQoQ),
—P(=0)Qu)(Qo), ligands represented by Formulae
9-1109-19, and ligands represented by Formulae 10-1 to
10-38,

X118 0, S, C(Z;))(Z,,), or N(Zo3),

75,7, t0 Z,,, and Z,, to Z,, are each independently
selected from hydrogen, deuterium, —F, a cyano group,
a nitro group, —SF,, —CH,;, —CD,;, —CD,H,
—CDH,,—CF,, —CF,H, —CFH,, —Si(Q,)(Q)(Qs).
—N(Q)Qs) —BQuNQ,), —P(—0)(Qe(Qy). groups
represented by Formulae 9-1 to 9-19, and groups repre-
sented by Formulae 10-1 to 10-38,

wherein Q, to Q, are each independently selected from

—CH,, —CD,, —CD,H, —CDH,, —CH,CH,,
—CH,CD,, —CH,CD,H, —CH,CDH,, —CHDCH,,
—CHDCD,H, —CHDCDH,, —CHDCD,;,
—CD,(CD,, —CD,CD,H, and —CD,CDH,;

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

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 deute-
rium and a C,-C,, alkyl group,

d2 and e2 are each independently 0 or 2,
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€3 is an integer selected from 0 to 3, -continued
d4 and e4 are each independently an integer selected from Formula 9-16
Oto4, D D
d6 and e6 are each independently an integer selected from >S<CD3
0to 6, .
d8 and e8 are each independently an integer selected from CD;
0to 8, and €Dy
each of * and *' indicates a binding site to M in Formula 1: Formula 9-17
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wherein * in Formula 9-1 to 9-19 and 10-1 to 10-38 indi-
cates a binding site to a neighboring atom.
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16. The organometallic compound of claim 1, wherein

the organometallic compound is one of Compounds 1 to
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17. An organic light-emitting device, comprising:

a first electrode;

a second electrode; and

an organic layer disposed between the first electrode and

the second electrode,

wherein the organic layer comprises an emission layer and

at least one organometallic compound of ¢laim 1.

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

the first electrode is an anode,

the second electrode is a cathode,

the organic layer comprises a hole transport region dis-

posed between the first electrode and the emission layer
and an electron transport region disposed between the
emission layer and the second electrode,

wherein the hole transport region comprises at least one

selected from a hole injection layer, a hole transport
layer, and an electron blocking layer, and

wherein the electron transport region comprises at least

one selected from a hole blocking layer, an electron
transport layer, and an electron injection layer.

19. The organic light-emitting device of claim 17, wherein
the emission layer comprises the at least one organometallic
compound.

20. The organic light-emitting device of claim 19, wherein
the emission layer further comprises a host, and an amount of
the host is greater than an amount of the at least one organo-
metallic compound.
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