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7) ABSTRACT

An organometallic compound represented by Formula 1:

) Formula 1
(-TZ')HZ Rg)es
(Zz)cz\ R /Tz\i"'_|-\ /(Zz)cz
Y, Loy, ‘:

wherein, in Formula 1, groups and variables are the same
as described in the specification.
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ORGANOMETALLIC COMPOUND,
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING ORGANOMETALLIC
COMPOUND, AND DIAGNOSTIC
COMPOSITION INCLUDING
ORGANOMETALLIC COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0114705, filed on Sep. 7, 2017, in
the Korean Intellectual Property Office, and all the benefits
accruing therefrom under 35 U.S.C. § 119, the content of
which is incorporated herein in its entirety by reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to an organometallic
compound, an organic light-emitting device including the
organonetallic compound, and a diagnostic composition
that includes the organometallic compound.

2. Description of the Related Art

[0003] Organic light-emitting devices (OLEDs) are self-
emission devices which produce full-color images. In addi-
tion, OLEDs have wide viewing angles and exhibit excellent
driving voltage and response speed characteristics.

[0004] Typical OLEDs include an anode, a cathode, and
an organic layer between the anode and the cathode and
including an emission layer. A hole transport region may be
disposed between the anode and the emission layer, and an
electron transport region may be between the emission layer
and the cathode. Holes provided from the anode may move
toward the emission layer through the hole transport region,
and electrons provided from the cathode may move toward
the emission layer through the electron transport region. The
holes and the electrons recombine in the emission layer to
produce excitons. These excitons transit from an excited
state to a ground state to thereby generate light.

[0005] Further, light-emitting compounds, e.g., phospho-
rescence-emitting compounds, can also be used to monitor,
sense, or detect biological materials, including a variety of
cells and proteins.

[0006] Various types of organic light emitting devices are
known. However, there still remains a need in OLEDs
having low driving voltage, high efficiency, high brightness,
and long lifespan.

SUMMARY

[0007] Provided are an organometallic compound, an
organic light-emitting device including the organometallic
compound, and a diagnostic composition including the
organometallic compound.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.
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[0009] According to an aspect of an embodiment, an
organometallic compound is represented by Formula 1:

) Formula 1
Ralaz (R3)a3
(Zz)cz\' —-I \\:‘/TZ\Q‘ '''''' >/(Z3)c3
foon h Loy
SN
Ty T, \M/ T
’\”J \~X1/X5 )I{{ ‘I Y
Doy, AN
g i
Ri)ar Relas
[0010] In Formula 1,
[0011] M is selected from beryllium (Be), magnesium

(Mg), aluminum (Al), calcium (Ca), titanium (T1), manga-
nese (Mn), cobalt (Co), copper (Cu), zinc (Zn), gallium
(Ga), germanium (Ge), zirconium (Zr), ruthenium (Ru),
rhodium (Rh), palladium (Pd), silver, (Ag). rhenium (Re),
platinum (Pt), and gold (Au),

[0012] X, is carbon (C),

[0013] X, to X, are each independently selected from C
and nitrogen (N),

[0014] X is selected from O, S, B(R'), N(R'), PR,
CRIHR™, SiR)R"), GeRH(R"), C(=0), BRHR"), NR)
(R™), and PRHR"),

[0015] two selected from a bond between X, and M, a
bond between X5 and M, and a bond between X, and M are
each a coordinate bond, while the rest is a covalent bond,

[0016] a bond between X and M is a covalent bond,
[0017] rings CY, to CY, are each independently selected
from a C5-C,, carbocyclic group and a C,-Cs, heterocyclic
group,

[0018] T, is selected from a single bond, a double bond,

*7N[(L61)a61-(R61)]7*'5 *7B(R61)7*'5 *7P(R61)7*'3
FCOR R, *—SiRs DRg)—*,  *—Ge(Ry))
(Rgp)—*, # S * _Se* * 0¥ * _C(=0)—*,
80—, *—§(=0),—*, *—CRs)—*, *=C
S‘Rm)**'s **7C(R61):C(R62)7*'5 #—C(=S)—*, and
—C=C—*"

[0019] T, is selected from a single bond, a double bond,
*7N[(L63)a63-(R63)]7*'5 *7B(R63)7*'5 *7P(R63)7*'5
*—CRea)Rea)—",  *—SiRg3)Res)—",  *—Ge(Ry3)
(Reg)—*, *—S—* * Fe—* * 0¥ * C(=0)—*,
S0, *§(=0),—", *—CRgy)=", *=C
g‘R@)—*', ***C(R@):C(Rm)f*', *—C(=S)—"*, and
—C=C—*",

[0020] T, is selected from a single bond, a double bond,
*7N[(L65)a65-(R65)]7*'! *7B(R65)7*'! *7P(R65)7*'3
*—C(Res)Ree)—*',  *—Si(Rgs5)Ree)—",  *—Ge(Res)
(R66)7*'! *7S7*" *7Se7*" *707*', *4(:0)7*"
* §(=0)—*, *§(=0),—*, *CRg)="*, *=C
S‘Rﬁ)f*', **—%(R@):C(R%)—*', *C(=S)—*, and
—C=C—"', an

[0021] T, is selected from *—N[(Lg,),67-(Re7)]—*,
#B(Ryy)—*, *—P(Ry)—*, *—C(Ry)(Ryp)—", *—Si
Re)Rge)—", *—GeRg7)(Rgg)—, *—S—*, *—Se—*,
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#—0—*, (=0}, *—S(=0)—*, *—S8(=0),—
-, *4C(R67)7*'3 **C(Rm)**'s *7C(R67):C(R68)7*'5
*—(C(=S)—*, and *—C=C—*,

[0022] Lg,, Lgs, Lgs, and Ly, are each independently
selected from a single bond, a substituted or unsubstituted
C,-C54, carboceyclic group, and a substituted or unsubstituted
C,-C5, heterocyclic group,

[0023] a6l, a63, a65, and a67 are each independently an
integer from 1 to 3; when a61 is 2 or greater, at least two L,
groups are identical to or different from each other, when
a63 1is 2 or greater, at least two L, groups are identical to or
different from each other, when a65 is 2 or greater, at least
two L4 groups are identical to or different from each other,
when a67 is 2 or greater, at least two L, groups are identical
to or different from each other,

[0024] Ry, and Ry, Re; and R, Ry and Ry, and R, and
R4 are optionally linked via a first linking group to form a
substituted or unsubstituted C5-C,, carbocyclic group or a
substituted or unsubstituted C,-C;, heterocyclic group,

[0025] Z, to Z, are each a group represented by *—N
(RSI)(RSZ)ﬂ
[0026] cl to ¢4 are each independently an integer from 0

to 5, provided that a sum of ¢l to c4 is 1 or greater,

[0027] R, to R, Rs;, Rss, Rg; t0 Reg. R', and R" are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, —SF;, a hydroxyl group, a cyano group, a
nitro 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 substituted or unsubstituted C,-Cg, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group,
a substituted or unsubstituted C,-Cg, alkynyl group, a sub-
stituted or unsubstituted C,-C, alkoxy group, a substituted
or unsubstituted C5-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substituted
or unsubstituted C;-C |, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cq, aryl group, a substituted or
unsubstituted C,-Cq, alkylaryl group, a substituted or unsub-
stituted C,-C, aryloxy group, a substituted or unsubstituted
Cs-Co arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted C,-Cg,
alkyl-heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed
heteropolycyclic group, —N(Q,XQy). —Si(Q;)XQu)(Qs)
—B(Q,)Q,). and —P(=0)Q.)(Q,)

[0028] al to a4 are each independently an integer from 0
to 20,
[0029] two groups selected from a plurality of R, groups

are optionally linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-C5, heterocyclic group,

[0030] two groups selected from a plurality of R, groups
are optionally linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-C5, heterocyclic group,

[0031] two groups selected from a plurality of Ry groups
are optionally linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-C5, heterocyclic group,
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[0032] two groups selected from a plurality of R, groups
are optionally linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-C;, heterocyclic group,

[0033] at least two of R, to R, are optionally linked to
form a substituted or unsubstituted C;-C,, carbocyclic
group or a substituted or unsubstituted C,-C,, heterocyclic
group,

[0034] Ry, and R., are optionally linked to form a substi-
tuted or unsubstituted C,-C;,, carbocyclic group or a sub-
stituted or unsubstituted C,-C,, heterocyclic group,

[0035] * and * each indicate a binding site to an adjacent
atom, and
[0036] at least one substituent of the substituted C-C,,

carbocyclic group, substituted C,-C;, heterocyclic group,
substituted C,-Cy, alkyl group, substituted C,-C, alkenyl
group, substituted C,-Cg, alkynyl group, substituted C,-Cy,
alkoxy group, substituted C;-C,, cycloalkyl group, substi-
tuted C,-C,, heterocycloalkyl group, substituted C;-C,,
cycloalkenyl group, substituted C,-C,, heterocycloalkenyl
group, substituted C4-Cg, aryl group, substituted C,-Co
aryloxy group, substituted C4-C, arylthio group, substituted
C,-Cg, heteroaryl group, substituted monovalent non-aro-
matic condensed polycyclic group, and substituted monova-
lent non-aromatic condensed heteropolycyclic group is
selected from:

[0037] deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nhitro group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-Cq, alkyl group, a C,-Cq,
alkenyl group, a C,-Cg, alkynyl group, and a C,-Cy, alkoxy
group;

[0038] a C,-Cq, alkyl group, a C,-Cy, alkenyl group, a
C,-Cy, alkynyl group, and a C,-Cg, alkoxy group, each
substituted 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 amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cs-Cg, aryl group, a C,-Cgp
alkylaryl group, a C4-Cg, aryloxy group, a C,-Cg, arylthio
group, a C,-C, heteroaryl group, a C,-Cy, alkyl-heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic  group, —N(Q;)Q2). —Si(Q3)(Q,)Q5):
—B(Q16)(Q17). and —P(=0)(Q15)(Q10);

[0039] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cg, aryl group, a C,-Cq,
alkylaryl group, a C4-Cy, aryloxy group, a C-Cg, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group;

[0040] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C4-Cg, aryl group, a C,-Cq,
alkylaryl group, a C4-Cg, aryloxy group, a Cy-Cg, arylthio
group, a C,-Cy, heteroaryl group, a C,-Cy, alkyl-heteroaryl
group, a monovalent non-aromatic condensed polycyclic
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group, and a monovalent non-aromatic condensed heteropo-
lycyclic 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 amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-C,, alkynyl group, a C,-C, alkoxy
group, a C;-C |, cycloalkyl group, a C,-C, , heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cqq aryl group, a C,-Cg, alkylaryl
group, a C4-Cy, aryloxy group, a C.-C, arylthio group, a
C,-Cg heteroaryl group, a C,-Cg, alkyl-heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, —N(Q,)(Qz5), —Si(Q23)(Q24)(Qsas). —B(Qae)
(Qy7), and —P(=0)(Q24)(Q,); and

[0041]  —N(Q5)(Qs2), —Si(Q33)(Q34)(Qs5): —B(Qs6)
(Q37), and —P(=0)(Q3:)(Q10);

[0042]  wherein Q, to Qo, Q10 Qy, Q5 10 Qyg, and Q5
to Qs are each independently selected from hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazine group,
a hydrazone group, a 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,-C, alkynyl group, a C,-C, alkoxy
group, a C;-C |, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cg, aryl group, a Cy4-Cq, aryl group
substituted with at least one of a C,-Cg, alkyl group and a
Cs-Cyo aryl group, a C,-Cy, aryloxy group, a C,-Co arylthio
group, a C,-C, heteroaryl group, a C,-C, alkyl-heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group.

[0043] According to an aspect of another embodiment, an
organic light-emitting device includes:

[0044] a first electrode;
[0045] a second electrode; and
[0046] an organic layer disposed between the first elec-

trode and the second electrode,

[0047] wherein the organic layer including an emission
layer and at least one organometallic compound described
above.

[0048] In the organic layer, the organometallic compound
serves as a dopant.

[0049] According to an aspect of another embodiment, a
diagnostic composition includes at least one organometallic
compound represented by Formula 1.

BRIEF DESCRIPTION OF THE DRAWING

[0050] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the FIGURE
which is a schematic cross-sectional view of an organic
light-emitting device according to an embodiment.

DETAILED DESCRIPTION

[0051] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
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elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the FIGURES, to explain aspects of the present
disclosure. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0052] An organometallic compound may be represented
by Formula 1:

) Formula 1
Rala2 R3)a3
e~y ‘I . T, o —|- T (Z3)s
v 2o booCYy
/! N S
T T M/ T
.'\' J h X~ %s X "
/ : ooy,
yoO LN
X N VAW
(Zl)cl//\_h|_,x '-1" ¢
(Rli)al (R4,)a4

[0053] In Formula 1, M may be selected from beryllium
(Be), magnesium (Mg), aluminum (Al), calcium (Ca), tita-
nium (T1), manganese (Mn), cobalt (Co), copper (Cu), zinc
(Zn), gallium (Ga), germanium (Ge), zirconium (Zr), ruthe-
nium (Ru), thodium (Rh), palladium (Pd), silver, (Ag),
rhenium (Re), platinum (Pt), and gold (Au).

[0054] In some embodiments, M in Formula 1 may be Pt,
Pd, or Au, but embodiments are not limited thereto.
[0055] In Formula 1, X; may be C, X, to X, may each
independently be C or N, X, may be O, S, B(R"), N(R"),
PR), CRIR"), SIRHR"), GeRIHR"), C(=0), BR)R"),
NR)R"M), or PRHR").

[0056] In an embodiment, X, may O or S, 1) X, and X,
may each be N, and X may be C, or ii) X, and X, may each
be N, and X, may be C, but embodiments are not limited
thereto.

[0057] InFormula 1, two selected from a bond between X,
and M, a bond between X, and M, and a bond between X,
and M may each be a coordinate bond, while the rest may
be a covalent bond, and a bond between X and M may be
a covalent bond. The organometallic compound represented
by Formula 1 may be electrically neutral.

[0058] In some embodiments, in Formula 1, i) a bond
between X, and M and a bond between X, and M may each
be a coordinate bond, and a bond between X, and M may be
a covalent bond, or ii) a bond between X5 and M and a bond
between X, and M may each be a coordinate bond, and a
bond between X, and M may be a covalent bond, but
embodiments are not limited thereto.

[0059] In Formula 1, rings CY, to CY, may each inde-
pendently be selected from a C5-C,, carbocyclic group and
a C,-C;, heterocyclic group.

[0060] Insome embodiments, rings CY, to CY, may each
independently be selected from a benzene group, a naph-
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thalene group, an anthracene group, a phenanthrene group,
a triphenylene group, a pyrene group, a chrysene group, a
cyclopentadiene group, a 1,2,3,4-tetrahydronaphthalene
group, a thiophene group, a furan group, an indole group, a
benzoborole group, a benzophosphole group, an indene
group, a benzosilole group, a benzogermole group, a ben-
zothiophene group, a benzoselenophene group, a benzofuran
group, a carbazole group, a dibenzoborole group, a diben-
zophosphole group, a fluorene group, a dibenzosilole group,
a dibenzogermole group, a dibenzothiophene group, a diben-
zoselenophene group, a dibenzofuran group, a dibenzothio-
phene 5-oxide group, a 9H-fluorene-9-one group, a diben-
zothiophene 5,5-dioxide group, an azaindole group, an
azabenzoborole group, an azabenzophosphole group, an
azaindene group, an azabenzosilole group, an azabenzoger-
mole group, an azabenzothiophene group, an azabenzosele-
nophene group, an azabenzofuran group, an azacarbazole
group, an azadibenzoborole group, an azadibenzophosphole
group, an azafluorene group, an azadibenzosilole group, an
azadibenzogermole group, an azadibenzothiophene group,
an arzadibenzoselenophene group, an azadibenzofuran
group, an azadibenzothiophene 5-oxide group, an aza-9H-
fluoren-9-one group, an arzadibenzothiophene 5,5-dioxide
group, a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a triazine group, a quinoline
group, an isoquinoline group, a quinoxaline group, a qui-
nazoline group, a phenanthroline group, a pyrrole group, a
pyrazole group, an imidazole group, a triazole group, an
oxazole group, an isoxazole group, a thiazole group, an
isothiazole group, an oxadiazole group, a thiadiazole group,
a benzopyrazole group, a benzimidazole group, a benzox-
azole group, a benzothiazole group, a benzoxadiazole group,
a benzothiadiazole group, a 5,6,7,8-tetrahydroisoquinoline
group, and a 5,6,7,8-tetrahydroquinoline group.

[0061] Insome embodiments, at least one of rings CY, to
CY, may be selected from condensed rings in which at least
one S-membered ring may be condensed with at least one
6-membered ring,

[0062] the 5-membered ring may be selected from a
cyclopentadiene group, a furan group, a thiophene group, a
pyrrole group, a silole group, an oxazole group, an isoxazole
group, an oxadiazole group, an isoxadiazole group, an
oxatriazole group, a thiazole group, an isothiazole group, a
thiadiazole group, an isothiadiazole group, a thiatriazole
group, a pyrazole group, an imidazole group, a triazole
group, a tetrazole group, an azasilole group, a diazasilole
group, and a triazasilole group, and

[0063] the 6-membered ring may be selected from a
cyclohexane group, a cyclohexene group, a benzene group,
a pyridine group, a pyrimidine group, a pyrazine group, and
a pyridazine group.

[0064] In Formula 1,

[0065] T, may be selected from a single bond, a double
bond, *—N[(Lg)usi-Re) " **B(R.m)**'; *—P
Re)—",  *CRe)IRe)—*,  *—Si(Rs )(Reo)—",

F—GeRy JRgp)—*, *—S—F, F_—[e* * 0

“C(=0)—*, *—S(=0)—*, *S(=0),—*, *C
Rg )=, F—=C(Rg )—"". *—C(Rs)=C(Re)—",
C(=S8)—"*, and *—C=C—*,

[0066] T, may be selected from a single bond, a double
bond, *—N[(Le3)ae3-Rea)—*, *BRe)—*, *—P
(Rea) =", *—CRg)(Rea)—,  *—Si(Rg3)(Rgs)—",

*—Ge(Rgz)(Re)—*, *—S—*, *—Fe—*, *-0—*,
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*C(=0)—*, *—S(=0)—*, *—S(=0),—*, *—C
Rea)=", *=C(Rgz)—", *—C(Rg3)=C(Rgy)—", *—C
(=S)—*, and *—C=C—*,

[0067] T, may be selected from a single bond, a double
bond, *—N[(Les)ses-(Res)l—*, *—B(Rgs)—*, *—P

Res)—"',  *—C(Rgs)(Res)—",  *—Si(Res)(Ree)—,
*4Ge(R65)(R65)7*'5 *787*'5 *7se7*'; *ioi*'s
£ C(=0)#, * S(=0)*#, * §(=0), *, * C

Res)="", *=C(Rgs)—"*, *—C(Rg5)=C(Rgs)—", *—C
(=S)—*, and *—C=C—*' and

[0068] T, may be selected from *—N[(L,),s-Res7)]—,
*—BRg7 )", *—P(Re)—", *—CRe7)(Ree)—*, *—Si
(Re7)(Rga)—"*, *—Ge(Ry7)(Rgg)—*, *—S—*, *—Se—*,
*407*" *7C(:O)7*" *78(:0)7*" *78(:0)27
2 —C(Rer )=, *=C(Rg7)—*, *—C(Rg7)—C(Rgs)—*',
*—C(=8)—*, and *—C=C—*".

[0069] R, and R,,, Ry; andRe,, Rgs and Ry, and R, and
R s may optionally be linked via a first linking group to form
a substituted or unsubstituted C,-C;, carboeyclic group or a
substituted or unsubstituted C,-C,, heterocyclic group.
[0070] The first linking group may be selected from a
single bond, *—N(Ry)—*, *—B(R,)—*, *—PR,)—™",
£ C(Ro)R, ), *—SiR)(R,0)—*, *—Ge(Ro)(R, ) —
MOR_G W ok Qe M k(M k_((—(Q)—* *_§
(—0)—*, *—S(=0),—*, ¥ CRo)—", *—C(Ry)—*,
*—CR)—CR,)—*, *—C(=S)—*, and *—C=C—*,
provided that descriptions for Ry and R,, may each be the
same as those for R, as described herein, and * and *' may
each independently indicate a binding site to an adjacent
atom.

[0071] L, Lgs, Lgs, and L, may each independently be
selected from a single bond, a substituted or unsubstituted
C,-Cy, carbocyclic group, and a substituted or unsubstituted
C,-C5, heterocyclic group.

[0072] In some embodiments, L, Lgs, Lgs, and Ly, may
each independently be selected from

[0073] a single bond, a benzene group, a naphthalene
group, an anthracene group, a phenanthrene group, a triph-
enylene group, a pyrene group, a chrysene group, a cyclo-
pentadiene group, a furan group, a thiophene group, a silole
group, an indene group, a fluorene group, an indole group,
a carbazole group, a benzofuran group, a dibenzofuran
group, a benzothiophene group, a dibenzothiophene group,
a benzosilole group, a dibenzosilole group, an azafluorene
group, an azacarbazole group, an azadibenzofuran group, an
azadibenzothiophene group, an azadibenzosilole group, a
pyridine group, a pyrimidine group, a pyrazine group, a
pyridazine group, a triazine group, a quinoline group, an
isoquinoline group, a quinoxaline group, a quinazoline
group, a phenanthroline group, a pyrrole group, a pyrazole
group, an imidazole group, a triazole group, an oxazole
group, an isoxazole group, a thiazole group, an isothiazole
group, an oxadiazole group, a thiadiazole group, a benzo-
pyrazole group, a benzimidazole group, a benzoxazole
group, a benzothiazole group, a benzoxadiazole group, and
a benzothiadiazole group; and

[0074] a benzene group, a naphthalene group, an anthra-
cene group, a phenanthrene group, a triphenylene group, a
pyrene group, a chrysene group, a cyclopentadiene group, a
furan group, a thiophene group, a silole group, an indene
group, a fluorene group, an indole group, a carbazole group,
abenzofuran group, a dibenzofuran group, a benzothiophene
group, a dibenzothiophene group, a benzosilole group, a
dibenzosilole group, an azafluorene group, an azacarbazole




US 2019/0074454 Al

group, an azadibenzofuran group, an azadibenzothiophene
group, an azadibenzosilole group, a pyridine group, a
pyrimidine group. a pyrazine group, a pyridazine group, a
triazine group, a quinoline group, an isoquinoline group, a
quinoxaline group, a quinazoline group, a phenanthroline
group, a pyrrole group, a pyrazole group, an imidazole
group, a triazole group, an oxazole group, an isoxazole
group, a thiazole group, an isothiazole group, an oxadiazole
group, a thiadiazole group, a benzopyrazole group, a benz-
imidazole group, a benzoxazole group, a benzothiazole
group, a benzoxadiazole group, and a benzothiadiazole
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,
a C,-C,, alkoxy group, a phenyl group, a naphthyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
fluorenyl group, a dimethylfluorenyl group, a diphenylfluo-
renyl group, a carbazolyl group, a phenylcarbazolyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a diben-
zosilolyl group, a dimethyldibenzosilolyl group, a diphe-
nyldibenzosilolyl group, —N(Q5,)(Qs5); —Si(Q33)(Qs4)
(Qs5), —B(Q36)(Q35), and —P(—0)(Q35)(Qs5),

[0075] wherein Q, to Qs may each independently be
selected from

[0076] —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,;

[0077] an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl group, a sec-pentyl
group, a tert-pentyl group, a phenyl group, and a naphthyl
group; and

[0078] an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl 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.

[0079] a61, a63, a65, and a67 may respectively indicate
the number of Lg; groups, Lg; groups, Lgs groups, and L,
groups. a6l, a63, a65, and a67 may each independently be
an integer from 1 to 3; when a61 is 2 or greater, at least two
L, groups may be identical to or different from each other,
when a63 is 2 or greater, at least two L, groups may be
identical to or different from each other, when a65 is 2 or
greater, at least two Lgs groups may be identical to or
different from each other, and when a67 is 2 or greater, at
least two L¢, groups may be identical to or different from
each other. a61, a63, a65, and a67 may each independently
be 1 or 2.

[0080] In an embodiment, in Formula 1, Ti and T, may
each be a single bond, and T; may be *—N[(Lgs),es-
(R65)]7*" *7C(R65)(R66)7*'.’ *7Si(R65)(R66)7*'>
¥ S—* or *—0O—* but embodiments are not limited
thereto.

[0081] Inoneormore embodiments, in Formula 1, T, may
be *—C(Rg7)(Reg)—"', *—Si(Re7)(Reg)—", or *—Ge
(Rg7)(Reg)—*, but embodiments are not limited thereto.
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[0082] In Formula 1, Z, to Z, may each be a group
represented by *—N(R;;)(R;,). Rs; and Ry, may be the
same as those described herein.

[0083] Inan embodiment, Ry, and R, may optionally be
linked to each other via the first linking group to form a
substituted or unsubstituted C5-C,, carbocyclic group or a
substituted or unsubstituted C,-C,,, heterocyclic group (e.g.,
see Compound 8). The first linking group may be the same
as described herein. In some embodiments, R, and R,, may
optionally be linked via a single bond, but embodiments are
not limited thereto.

[0084] In Formula 1, ¢l to c4 may respectively indicate
the number of Z, groups to Z, groups. cl to ¢4 may each
independently be 0, 1, 2, 3, 4, or 5. When ¢l is 2 or greater,
at least two Z, groups may be identical to or different from
each other, when ¢2 is 2 or greater, at least two Z, groups
may be identical to or different from each other, when c3 is
2 is or greater, at least two Z; groups may be identical to or
different from each other, and when c4 is 2 is or greater, at
least two Z, groups may be identical to or different from
each other.

[0085] Insome embodiments, ¢l to ¢4 may each indepen-
dently be 0, 1, or 2.

[0086] A sum of ¢l to ¢4 may be 1 or greater. In other
words, Formula 1 may essentially include at least one
selected from 7, to Z,.

[0087] In an embodiment, a sum of cl to c4 may be 1 or
2.

[0088] In some embodiments, in Formula 1,

[0089] cl=1, c2=0, ¢3=0, and c4=0;

[0090] c¢1=0, ¢2=1, ¢3=0, and c4=0,

[0091] c1=0, c2=0, ¢3=1, and c4=0;

[0092] c¢1=0, ¢2=0, ¢3=0, and c4=1; or

[0093] ¢1=0, c2=2, ¢3=0, and ¢4=0, but embodiments are

not limited thereto.

[0094] In one or more embodiments, ¢4 in Formula 1 may
not be 0. In some embodiments, c4 in Formula 1 may be 1
or 2. In some embodiments, ¢4 in Formula 1 may be 1, but
embodiments are not limited thereto.

[0095] R, toR,, Rsy, Rss, Rgp to Rgg, R', and R" may each
independently be selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, —SF, a hydroxyl group, a cyano group, a
nitro 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 substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C,-Cg, alkenyl group,
a substituted or unsubstituted C,-Cg, alkynyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a substituted
or unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substituted
or unsubstituted C;-C, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C4-Cg, aryl group, a substituted or
unsubstituted C,-C, alkylaryl group, a substituted or unsub-
stituted C4-Cg, aryloxy group. a substituted or unsubstituted
C4-Cg arylthio group, a substituted or unsubstituted C,-Cg,
heteroaryl group, a substituted or unsubstituted C,-C,
alkyl-heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed

heteropolycyclic group, —N(Q;)(Q.), —Si(Q3)(QL)(Qs).
—B(Qe)(Q5), and —P(—0)(Q;)(Qy), wherein Q, to Q, may

be the same as those described herein.
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[0096] In some embodiments, R, to Ry, Rs;, Rs,, Rg, 10
Ress R', and R" may each independently be selected from

[0097] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, —SFs, a C;-C,, alkyl group, and a C,-C,, alkoxy
group;

[0098] 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 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 cyclo-
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
biphenyl group, a naphthyl group, a pyridinyl group, and a
pyrimidinyl group;

[0099] 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 biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyrrolyl group,
a thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, and an imidazopyrimidi-
nyl group;

[0100] 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 biphenyl group, a C,-C,, alkylphenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyrrolyl group,
a thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzimidazolyl group, a benzofuranyl
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group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, and an imidazopyrimidi-
nyl group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxy! group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl group,
a C,-C,, alkoxy group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, an adaman-
tanyl group, a norbornanyl group, a norbornenyl group, a
cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl
group, a phenyl group, a biphenyl group, a C,-C,, alkyl-
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a pyrrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a quinoxali-
nyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, a phenanthrolinyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group; and

[0101] —N@Q,)(Q,), —Si(Q:)(Q)Q5), —BRQ)NQy);
and —P(=0)(Qe)(Qo),

[0102] wherein Q, to Q, may each independently be
selected from

[0103] —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,;

[0104] an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl group, a sec-pentyl
group, a tert-pentyl group, a phenyl group, and a naphthyl
group; and

[0105] an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl 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.

[0106] In some embodiments, R; to Ry, Ry}, Rs,, R, 10
Rgss R', and R" may each independently be selected from
hydrogen, deuterium, —F, a cyano group, a nitro group,
—SF;, —CH,, —CD,,—CD,H, —CDH,, —CF,, —CF.H,
—CFH,, groups represented by Formulae 9-1 to 9-19, and
groups represented by Formulae 10-1 to 10-194:
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[0107] In Formulae 9-1 to 9-19 and 10-1 to 10-194, *
indicates a binding site to an adjacent atom, “Ph” represents
a phenyl group, and “TMS” represents a trimethylsilyl
group.

[0108] In Formula 1, al to a4 respectively indicate the
number of R, groups to R, groups. al to a4 may each
independently be an integer from 0 to 20 (for example, an
integer from 0 to 4). When al is 2 or greater, at least two R
groups may be identical to or different from each other,
when a2 is 2 or greater, at least two R, groups may be
identical to or different from each other, when a3 is 2 is or
greater, at least two R, groups may be identical to or
different from each other, and when a4 is 2 is or greater, at
least two R, groups may be identical to or different from
each other.

[0109] In Formula 1, 1) two groups selected from a plu-
rality of R, groups may optionally be linked to form a
substituted or unsubstituted C5-C,, carbocyclic group or a
substituted or unsubstituted C,-C,, heterocyclic group, ii)
two groups selected from a plurality of R, groups may
optionally be linked to form a substituted or unsubstituted
C,-C;, carbocyclic group or a substituted or unsubstituted
C,-C;, heterocyclic group, iii) two groups selected from a
plurality of R; groups may optionally be linked to form a
substituted or unsubstituted C5-C,, carbocyclic group or a
substituted or unsubstituted C,-C;, heterocyclic group, iv)
two groups selected from a plurality of R, groups may
optionally be linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubstituted
C,-C4, heterocyclic group, v) at least two of R, to R, may
optionally be linked to form a substituted or unsubstituted
C,-C54, carbocyclic group or a substituted or unsubstituted
C,-C;, heterocyclic group, and vi) R, and R, may option-
ally be linked to form a substituted or unsubstituted C5-Cs,
carbocyclic group or a substituted or unsubstituted C,-C,,
heterocyclic group.

[0110] In some embodiments, 1) a substituted or unsubsti-
tuted C5-C5, carbocyclic group or a substituted or unsub-
stituted C, -C,, heterocyclic group formed by linking of two
groups selected from a plurality of R, groups, ii) a substi-
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tuted or unsubstituted C,-C;,, carbocyclic group or a sub-
stituted or unsubstituted C,-C;,, heterocyclic group formed
by linking of two groups selected from a plurality of R,
groups, iii) a substituted or unsubstituted C5-C,, carbocyclic
group or a substituted or unsubstituted C,-C;, heterocyclic
group formed by linking of two groups selected from a
plurality of R groups, iv) a substituted or unsubstituted
C,-Cyq carbocyclic group or a substituted or unsubstituted
C,-C,, heterocyclic group formed by linking of two groups
selected from a plurality of R, groups, v) a substituted or
unsubstituted C5-C,,, carbocyclic group or a substituted or
unsubstituted C,-C;, heterocyclic group formed by linking
of at least two of R, to R,, and vi) a substituted or
unsubstituted C,-C;, carbocyclic group or a substituted or
unsubstituted C,-C;, heterocyclic group formed by linking
of Ry, and R, may each independently be selected from:

[0111] a pentadiene group, a cyclohexane group, a
cycloheptane group, an adamantane group, a bicyclo-
heptane group, a bicyclo-octane group, a benzene
group, a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a naphthalene group, an
anthracene group, a tetracene group, a phenanthrene
group, a dihydronaphthalene group, a phenalene group,
a benzothiophene group, a benzofuran group, an indene
group, an indole group, a benzosilole group, an azaben-
zothiophene group, an azabenzofuran group, an azain-
dene group, an azaindole group, and an azabenzosilole
group; and

[0112] a pentadiene group, a cyclohexane group, a
cycloheptane group, an adamantane group, a bicyclo-
heptane group, a bicyclo-octane group, a benzene
group, a pyridine group, a pyrimidine group, a pyrazine
group, a pyridazine group, a naphthalene group, an
anthracene group, a tetracene group, a phenanthrene
group, a dihydronaphthalene group, a phenalene group,
a benzothiophene group, a benzofuran group, an indene
group, an indole group, a benzosilole group, an azaben-
zothiophene group, an azabenzofuran group, an azain-
dene group, an azaindole group, and an azabenzosilole
group, each substituted with at least one R,,,, but
embodiments are not limited thereto.

[0113]

[0114] In the present specification, “an azaindole group, an
azabenzoborole group, an azabenzophosphole group, an
azaindene group, an azabenzosilole group, an azabenzoger-
mole group, an azabenzothiophene group, an azabenzosele-
nophene group, an azabenzofuran group, an azacarbazole
group, an azadibenzoborole group, an azadibenzophosphole
group, an azafluorene group, an azadibenzosilole group, an
azadibenzogermole group, an azadibenzothiophene group,
an azadibenzoselenophene group, an azadibenzofuran
group, an azadibenzothiophene 5-oxide group, an aza-9H-
fluoren-9-one group, and an azadibenzothiophene 5,5-diox-
ide group” each refer to a hetero ring having an identical
backbone as “an indole group, a benzoborole group, a
benzophosphole group, an indene group, a benzosilole
group, a benzogermole group, a benzothiophene group, a
benzoselenophene group, a benzofuran group, a carbazole
group, a dibenzoborole group, a dibenzophosphole group, a
fluorene group, a dibenzosilole group, a dibenzogermole
group, a dibenzothiophene group, a dibenzoselenophene
group, a dibenzofuran group, a dibenzothiophene 5-oxide
group, a 9H-fluorene-9-one group, and a dibenzothiophene

R,o, may be the same as R, as described herein.
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5,5-dioxide group”, in which at least one ring-forming
carbon atom is substituted with nitrogen, respectively.

[0115] In the present specification, unless defined other-
wise, * indicates a binding site to an adjacent atom.

[0116] In some embodiments, a moiety represented by

Z1)ei \~-|-‘/
Rp)ar

in Formula 1 may be selected from groups represented by
Formulae CY1-1 to CY1-15:

CY1-1
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(Zl)el_lk/\) 1
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*
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-continued
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CY1-6

CY1-7

CY1-8

CY1-9

CY1-10

CY1-11
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-continued
CY1-12
@1 X
L.
CY1-13
Z)et
CY1-14
CY1-15

@)l

[0117] In Formulae CY1-1 to CY1-15,

[0118] X, may be selected from C(Rg)(R,5), N(R,g), O,
S, and Si(R5)(R;5),

[0119] 7, and R, may be the same as those described
herein,

[0120] R, toR,, may each be the same as R, as described
herein,

[0121] dl and el may each independently be an integer
from 0 to 2,

[0122] *' indicates a binding site to M in Formula 1,
[0123] * indicates a binding site to Ti in Formula 1, and

&

indicates a binding site to T, in Formula 1.
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[0124] 1In one or more embodiments, a group represented
by
(RZ)aZ
(Zz)cz\i"—“-\‘)\/*
ey,

‘\ ‘)l(

in Formula 1 may be selected from groups represented by
Formulae CY2-1 to CY2-6:

(Z2)e2 o (Z2)a n
™ Y X
/XZ\*r / /XZ\*'
Ro)az * Rz *
CY2-1 CY2-2
(Z2)e2
Z2)e "
N, *
SN
N
Roax =
CY2-3

[0125] In Formulae CY2-1 to CY2-6,

[0126] Z, and R, may be the same as those described
herein,

[0127] d2 and e2 may each independently be an integer
from 0 to 2,

[0128] *' indicates a binding site to M in Formula 1,
[0129] * indicates a binding site to T, in Formula 1,
[0130] *" indicates a binding site to T, in Formula 1, and

&

indicates a binding site to T, in Formula 1.
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[0131] In one or more embodiments, a group represented
by
(R3)s3
wr et (s
™ CY
X3 o L
s

&

in Formula 1 may be selected from groups represented by
Formulae CY3-1 to CY3-12:

CY3-1
o (Z3)e3

Y&
Y l(R3)d3
Xg%

x!

CY3-2

L

Z3)e.
N~( 3)e3

b
\( l(R3)d3
Ve X3\%

s (Z3)e3

FY

CY3-3

W/%/:N
| ——Ra)n
o X3%

CY3-4

(Z3)e3

o N
A
\(\j_(Rs)d:«
*’/X3YN

CY3-5

CY3-6
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) CY3-7
S
)y ———— Rsz
*,/X3 PN
o CY3-8
\(\/\ )
Z3)g————— — 0 R3)ss
*,/X3 N
CY3-9

CY3-10
CY-11
I \\\\\
o ONE T T R
%
CY3-12

[0132] In Formulae CY3-1 to CY3-12,

[0133] X, may be selected from C(R;¢)(Rs0), N(R;4), O,
S, and Si(Rsz)(Rso),

[0134]
herein,

[0135] R,y and R;, may each be the same as R; as
described herein,

[0136] d3 and e3 may each independently be an integer
from 0 to 2,

[0137]
[0138]
[0139]

Z, and R, may be the same as those described

*' indicates a binding site to M in Formula 1,
* indicates a binding site to T, in Formula 1, and

** indicates a binding site to T, in Formula 1.
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[0140] In one or more embodiments, a group represented

by

Ed

*r\ .

Xiey,

f Za)ea

(Redas

in Formula 1 may be selected from groups represented by

Formulae CY4-1 to CY4-26:

%
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kﬁ \/) 4)ed
(Ra)as
\\X4 AN
[ )_(24%4
NV\/
(Ra)as

CY4-1

CY4-2

CY4-3

CY44

CY4-5

CY4-6
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-continued

(Re)as

23

CY4-13

CY4-14

CY4-15

CY4-16

CY4-17

CY4-18

CY4-19

-continued
" “ Ra Ry
<z\}'<4/ | o
4)e4_k\ . Rys
Ra)ad e Ry
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CY4-20

CY4-21

CY4-22

CY4-23

CY4-24

CY4-25

(Ra)as
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-continued
N\
(:24)94_//—'_‘“/—\/—_—.—7 Re)as
%y \J/\/

[0141] In Formulae CY4-1 to CY4-26,

[0142] X, may be selected from C(R,5)(R,0), N(R,q), O,
S, and Si(R,5)(Ryo),

CY4-26

[0143] Z, and R, may be the same as those described
herein,

[0144] R, toR,; may each be the same as R, as described
herein,

[0145] d4 and e4 may each independently be an integer
from 0 to 2,

[0146] *' indicates a binding site to M in Formula 1, and
[0147] * indicates a binding site to T5 in Formula 1.
[0148] In one or more embodiments, in Formula 1,
[0149] a group represented by

ey, )
). 1’1}{

- Da

may be selected from groups represented by Formulae
CY1-1 to CY1-15,

[0150] a group represented by

Ra)a2
(Zz)cz\',;"(; \,“/*

: e

X

A) Yl
Eeh
%

\

may be selected from groups represented by Formulae
CY2-1 to CY2-6,

[0151] a group represented by

Ra)a

w2 (Z3)s
N Yy )
X3 ..
i

*

®!

may be selected from groups represented by Formulae
CY3-1 to CY3-12,
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[0152] a group represented by

*

N7 N

XaCyy
T Zg)ea

(Ra)as

may be selected from groups represented by Formulae
CY4-1 to CY4-26, and

[0153] asum of el, e2, €3, and e4 may be 1, 2, or 3 (for
example, e4 may be 1).

[0154]
by

In one or more embodiments, a group represented

E3

! . l\

~N X
X4CYy 8

]

A -|/ (Za)ea
Ra)as

Formula 1 may be a group represented by Formula CY4(1):

>s’\ &/g
k/—\(RW
Va 7,

CY4(D)

[0155] wherein, in Formula CY4(1),

[0156] Z, and R, may be the same as those described
herein,

[0157] d4 may be an integer from O to 2,

[0158] *'indicates a binding site to M in Formula 1, and
[01539] * indicates a binding site to T; in Formula 1.
[0160] In some embodiments, the organometallic com-

pound represented by Formula 1 may be selected from
Compounds 1 to 40, but embodiments are not limited
thereto:
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-continued

37

38
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-continued

39

40

[0161] In Formula 1, Z, to Z, may each be a group
represented by *—N(R5,)(Rs,), and a sum of ¢l to ¢4 may
be 1 or greater. In other words, Formula 1 may include at
least one group represented by *—N(R;,)(Rs,). Thus, a
radiative decay rate constant may increase, which may result
in a decrease in decay time.

[0162] In addition, as ring CY, may be bound to CY, via
T, in Formula 1, rigidity of a luminophore of Formula 1 may
increase, which may facilitate control of vibronic progres-
sion of the luminophore. Accordingly, a full width at half
maximum (FWHM) in an emission spectrum of the orga-
nometallic compound represented by Formula 1 may
decrease.

[0163] Thus, an organic light-emitting device employing
the organometallic compound represented by Formula 1
may have excellent efliciency and low roll-off.

[0164] For example, the highest occupied molecular
orbital (HOMO), lowest unoccupied molecular orbital
(LUMO), and maximum emission wavelength of Com-
pounds 1, 3, and 9 were evaluated by using a Gaussian
according to a density functional theory (DFT) method
(structure optimization was performed at a degree of B3LYP,
and 6-31G(d,p)). The results thereof are shown in Table 1.

TABLE 1
Compound Maximum emission
No. HOMO (eV) LUMO (eV) wavelength (nm)
1 -5.22 -1.43 526
3 -5.23 -1.45 520
9 -5.20 -1.41 526

[0165] Referring to the results of Table 1, the organome-
tallic compound of Formula 1 was found to have suitable
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electrical characteristics for use as a dopant in an electronic
device, e.g., an organic light-emitting device.

[0166] A method of synthesizing the organometallic com-
pound represented by Formula 1 may be apparent to one of
ordinary skill in the art by referring to Synthesis Examples
provided herein.

[0167] The organometallic compound represented by For-
mula 1 may be suitable for use in an organic layer of an
organic light-emitting device, e.g., as a dopant in an emis-
sion layer of the organic layer. Thus, according to another
aspect of the present disclosure, there is provided an organic
light-emitting device that may include:

[0168] a first electrode;
[0169] a second electrode; and
[0170] an organic layer disposed between the first elec-

trode and the second electrode,

[0171] wherein the organic layer includes an emission
layer and at least one organometallic compound represented
by Formula 1.

[0172] Since the organic light-emitting device has an
organic layer including the organometallic compound rep-
resented by Formula 1, the organic light-emitting device
may have a low driving voltage, high luminescence effi-
ciency, high power, high quantum luminescence efficiency,
long lifespan, low roll-off, and excellent color purity.
[0173] The organometallic compound represented by For-
mula 1 may be used in 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 embodiment, the organometallic
compound may serve as a dopant and the emission layer may
further include a host (that is, an amount of the organome-
tallic compound represented by Formula 1 may be smaller
than that of the host).

[0174] As used herein, “(for example, the organic layer)
including at least one organometallic compound” means that
“(the organic layer) including an organometallic compound
of Formula 1, or at least two different organometallic
compounds of Formula 17.

[0175] For example, Compound | may only be included in
the organic layer as an organometallic compound. In this
embodiment, Compound 1 may be included in the emission
layer of the organic light-emitting device. In some embodi-
ments, Compounds 1 and 2 may be included in the organic
layer as organometallic compounds. In these embodiments,
Compounds 1 and 2 may both be included in the same layer
(for example, both Compounds 1 and 2 may be included in
the emission layer).

[0176] The first electrode may be an anode, which is a hole
injection electrode, and the second electrode may be a
cathode, which is an electron injection electrode. In some
embodiments, 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.

[0177] For example, in the organic light-emitting device,
the first electrode may be an anode, the second electrode
may be a cathode, and the organic layer may further 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 elec-
trode, wherein the hole transport region may include a hole
injection layer, a hole transport layer, an electron blocking
layer, or a combination thereof, and wherein the electron
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transport region may include a hole blocking layer, an
electron transport layer, an electron injection layer, or a
combination thereof.

[0178] The term “organic layer” as used herein refers to a
single and/or a plurality of layers disposed between the first
electrode and the second electrode in an organic light-
emitting device. The “organic layer” may include not only
organic compounds but also organometallic complexes
including metals.

[0179] THE FIGURE illustrates a schematic cross-sec-
tional view of an organic light-emitting device 10 according
to an embodiment. Hereinafter, a structure of an organic
light-emitting device according to one or more embodiments
and a method of manufacturing the organic light-emitting
device will be described with reference to the FIGURE. The
organic light-emitting device 10 may include a first elec-
trode 11, an organic layer 15, and a second electrode 19,
which may be sequentially layered in this stated order.
[0180] A substrate may be additionally disposed under the
first electrode 11 or on the second electrode 19. The substrate
may be a conventional substrate used in organic light-
emitting devices, e.g., a glass substrate or a transparent
plastic substrate, each having excellent mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling, and water repellency.

[0181] The first electrode 11 may be formed by vacuum-
depositing or sputtering, onto the substrate, a material for
forming the first electrode 11. The first electrode 11 may be
an anode. The material for forming the first electrode 11 may
be selected from materials with a high work function for
easy hole injection. The first electrode 11 may be a reflective
electrode, a semi-transmissive electrode, or a transmissive
electrode. The material for forming the first electrode 11
may be selected from indium tin oxide (ITO), indium zinc
oxide (IZO), tin oxide (SnO,), and zinc oxide (ZnO). In
some embodiments, the material for forming the first elec-
trode 11 may be a metal, such as magnesium (Mg), alumi-
num (Al), aluminum-lithium (Al—Li), calcium (Ca), mag-
nesium-indium (Mg—In), or magnesium-silver (Mg—Ag).
[0182] The first electrode 11 may have a single-layered
structure or a multi-layered structure including a plurality of
layers. In some embodiments, the first electrode 11 may
have a triple-layered structure of ITO/Ag/ITO, but embodi-
ments are not limited thereto.

[0183] The organic layer 15 may be on the first electrode
11.
[0184] The organic layer 15 may include a hole transport

region, an emission layer, and an electron transport region.
[0185] Thehole transport region may be disposed between
the first electrode 11 and the emission layer.

[0186] The hole transport region may include a hole
injection layer, a hole transport layer, an electron blocking
layer, a buffer layer, or a combination thereof.

[0187] The hole transport region may include a hole
injection layer only or a hole transport layer only. In some
embodiments, the hole transport region may include a hole
injection layer and a hole transport layer which are sequen-
tially stacked on the first electrode 11. In some embodi-
ments, the hole transport region may include a hole injection
layer, a hole transport layer, and an electron blocking layer,
which are sequentially stacked on the first electrode 11.
[0188] When the hole transport region includes a hole
injection layer, the hole injection layer may be formed on the
first electrode 11 by using one or more suitable methods,
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such as vacuum deposition, spin coating, casting, and Lang- —continued
muir-Blodgett (LB) deposition.

[0189] When a hole injection layer is formed by vacuum-
deposition, for example, the vacuum deposition may be
performed at a temperature in a range of about 100° C. to
about 500° C., at a vacuum degree in a range of about 10~*
torr to about 1072 torr, and at a rate in a range of about 0.01
Angstroms per second (A/sec) to about 100 A/sec, though
the conditions may vary depending on a compound used as
a hole injection material and a structure and thermal prop-
erties of a desired hole injection layer, but embodiments are
not limited thereto.

[0190] When a hole injection layer is formed by spin
coating, the spin coating may be performed at a rate in a
range of about 2,000 revolutions per minute (rpm) to about
5,000 rpm and at a temperature in a range of about 80° C.
to 200° C. to facilitate removal of a solvent after the spin
coating, although the conditions may vary depending on a
compound used as a hole injection material and a structure TDATA

Ve
:
s¥ogole
J O

and thermal properties of a desired hole injection layer, but
embodiments are not limited thereto.

[0191] The conditions for forming a hole transport layer
and an electron blocking layer may be inferred from the
conditions for forming the hole injection layer.

[0192] The hole transport region may include at least one
selected from m-MTDATA, TDATA, 2-TNATA, NPB,
B-NPB, TPD, spiro-TPD, spiro-NPB, methylated-NPB,
TAPC, HMTPD, 4,4'4"-tris(N-carbazolyl)triphenylamine
(TCTA), polyaniline/dodecylbenzene sulfonic acid (PANI/
DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-styrene
sulfonate) (PEDOT/PSS), polyaniline/camphor sulfonic
acid (PANI/CSA), (polyaniline)/poly(4-styrene sulfonate)
(PANI/PSS), a compound represented by Formula 201, and
a compound represented by Formula 202:
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[0193] In Formula 201, Ar,,; and Ar,,, may each inde-

pendently be selected from a phenylene group, a pental-
enylene group, an indenylene group, a naphthylene group,
an azulenylene group, a heptalenylene group, an acenaph-
thylene group, a fluorenylene group, a phenalenylene group,
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a phenanthrenylene group, an anthracenylene group, a fluo-
ranthenylene group, a triphenylenylene group, a pyrenylene
group, a chrysenylenylene group, a naphthacenylene group,
a picenylene group, a perylenylene group, and a pentace-
nylene group; and a phenylene group, a pentalenylene
group, an indenylene group, a naphthylene group, an azu-
lenylene group, a heptalenylene group, an acenaphthylene
group, a fluorenylene group, a phenalenylene group, a
phenanthrenylene group, an anthracenylene group, a fluo-
ranthenylene group, a triphenylenylene group, a pyrenylene
group, a chrysenylenylene group, a naphthacenylene group,
a picenylene group, a perylenylene group, and a pentace-
nylene 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, a C,-Cg, alkenyl group, a C,-Cy, alkynyl group,
a C,-Cq, alkoxy group, a C;-C, cycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkyl group, a
C,-C,, heterocycloalkenyl group, a Cy,-Cgy, aryl group, a
Cs-Cgyp aryloxy group, a C4-Cy,, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group.

[0194] In Formula 201, xa and xb may each independently
be an integer from 0 to 5. In some embodiments, xa and xb
may each independently be an integer selected from 0, 1, and
2. In some embodiments, xa may be 1, and xb may be 0, but
embodiments are not limited thereto.

[0195] In Formulae 201 and 202, R, to Rygg Ry to
R,,s, and R, to R,,, may each independently be selected
from

[0196] hydrogen, deuterium, —F, —CI, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group (e.g., a methyl group, an ethyl
group, a propyl group, a butyl group, pentyl group, or a
hexyl group), and a C,-C,, alkoxy group (e.g., a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, or
a pentoxy group);

[0197] a C,-C,, alkyl group and a C,-C,, alkoxy 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, and a
phosphoric acid group or a salt thereof;

[0198] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group; and

[0199] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group, each substi-
tuted 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, and a C,-C,,
alkoxy group, but embodiments are not limited thereto.
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[0200] In Formula 201, R,,, may be selected from
[0201] a phenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl group; and

[0202] a phenyl group, a naphthyl group, an anthracenyl
group, and a pyridinyl 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, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthracenyl group, and
a pyridinyl group.

[0203] In some embodiments, the compound represented
by Formula 201 may be represented by Formula 201A, but
embodiments are not limited thereto:

Formula 201A
Rio1

\
N

O

Rygo-
N/ 109
Ripy
Ryis .
[0204] R4, Ry;1, Ry s and R, g in Formula 201 A may be
the same as those described above.

[0205] In some embodiments, the compounds represented

by Formulae 201 and 202 may include Compounds HT1 to
HT20, but embodiments are not limited thereto:

HT1

age
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-continued
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[0206] The thickness of the hole transport region may be
in a range of about 100 Angstroms (A) to about 10,000 A,
for example, about 100 A to about 1,000 A. When the hole
transport region includes at least one selected from 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, for example, about 100 A to about 1,000 A,
the thickness of the hole transport layer may be in a range
of about 50 A to about 2,000 A, for example, about 100 A
to about 1,500 A. While not wishing to be bound by theory,
it is understood that when the thicknesses of the hole
transport region, the hole injection layer. and the hole
transport layer are within any of these ranges, excellent hole
transport characteristics may be obtained without a substan-
tial increase in driving voltage.

[0207] The hole transport region may include a charge
generating material as well as the aforementioned materials,
to improve conductive properties of the hole transport
region. The charge generating material may be substantially
homogeneously or non-homogeneously dispersed in the
hole transport region.

[0208] The charge generating material may include, for
example, a p-dopant. The p-dopant may include one of a
quinone derivative, a metal oxide, and a compound contain-
ing a cyano group, but embodiments are not limited thereto.
For example, non-limiting examples of the p-dopant include
a quinone derivative, such as tetracyanoquinodimethane
(TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoqui-
nonedimethane (F4-TCNQ); a metal oxide, such as a tung-
sten oxide or a molybdenum oxide; and a compound con-
taining a cyano group, such as Compound HI-DI, but
embodiments are not limited thereto:

CN
CN
B
N N. CN
/ \
2
I\i N CN
N
CN #
CN

HT-D1
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[0209] The hole transport region may further include a

buffer layer.

TBADN
[0210] The buffer layer may compensate for an optical

resonance distance depending on a wavelength of light
emitted from the emission layer to improve the efficiency of

an organic light-emitting device.
[0211] An emission layer may be formed on the hole C
transport region by using one or more suitable methods, such Q
as vacuum deposition, spin coating, casting, or LB deposi-

tion. When the emission layer is formed by vacuum depo-

sition or spin coating, vacuum deposition and coating con-

ditions for forming the emission layer may be generally

similar to the those conditions for forming a hole injection ADN
layer, though the conditions may vary depending on a

compound that is used.

[0212] When the hole transport region includes an electron O Q
blocking layer, a material for forming the electron blocking

layer may be selected from the materials for forming a hole N N
transport region and host materials described herein, but '

embodiments are not limited thereto. In some embodiments,
when the hole transport region includes an electron blocking
layer, mCP described herein may be used for forming the
electron blocking layer. CBP

[0213] The emission layer may include a host and a

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

[0214] The host may include at least one selected from N O O N

TPBi, TBADN, ADN (also known as “DNA”), CBP, CDBP,

TCP, mCP, and Compounds H50 and H51:

CDBP

\@ Q

N

U
§

TPBi TCP
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[0215] Insome embodiments, the host may further include
a compound represented by Formula 301:

H51

Formula 301
/ \/(Arlls)i
A\
Arpyy——(Ar112)p (Arp)g—Arn 3.
/
\ /\(Arlls)j

[0216] In Formula 301, Ar,,, and Ar,,, may each inde-
pendently be selected from

[0217] a phenylene group, a naphthylene group, a phenan-
threnylene group, and a pyrenylene group; and

[0218] a phenyl group, a phenylene group substituted with
at least one selected from a naphthy! group and an anthra-
cenyl group, a naphthylene group, a phenanthrenylene
group, and a pyrenylene group.

[0219] In Formula 301, Ar,,5 to Ar,,, may each indepen-
dently be selected from

[0220] a C,-C,, alkyl group, a phenyl group, a naphthyl
group, a phenanthrenyl group, and a pyrenyl group; and
[0221] a phenyl group, a phenyl group substituted with at
least one selected from a naphthyl group and an anthracenyl
group, a naphthyl group, a phenanthrenyl group, and a
pyrenyl group.
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[0222] In Formula 301, g, h, i, and j may each indepen-
dently be an integer from 0 to 4. In some embodiments, g,
h, i, and j may each independently be 0, 1, or 2.

[0223] In Formula 301, Ar,, ; to Ar,, ; may each indepen-
dently be selected from

[0224] a C,-C,, alkyl group substituted with at least one
selected from a phenyl group, a naphthyl group, and an
anthracenyl group;

[0225] a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, and a
fluorenyl group; and

[0226] a phenyl 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 hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C;-Cq,
alkyl group, a C,-Cg, 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

| O’QQ

but embodiments are not limited thereto.
[0227] In some embodiments, the host may include a
compound represented by Formula 302:

Formula 302

(Ar]aa)1

[0228] In Formula 302, Ar,,, to Ar;,s may each be the
same as Ar, 5 as described herein with reference to Formula
301.

[0229] In Formula 302, Ar,,, and Ar,,, may each inde-
pendently be a C,-C,, alkyl group, e.g., a methyl group, an
ethyl group, or a propyl group.

[0230] In Formula 302,k and1may each independently be
an integer from 0 to 4. In some embodiments, k and 1 may
each be 0, 1, or 2.

[0231] When the organic light-emitting device 10 is a
full-color organic light-emitting device, the emission layer
may be patterned into a red emission layer, a green emission
layer, and a blue emission layer. In some embodiments, the
emission layer may have a structure in which the red
emission layer, the green emission layer, and/or the blue
emission layer are layered to emit white light. In some
embodiments, the structure of the emission layer may vary.
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[0232] When the emission layer includes the host and the
dopant, an amount of the dopant may be selected from a
range of about 0.01 parts to about 15 parts by weight based
on about 100 parts by weight of the host, but embodiments
are not limited thereto.

[0233] The thickness of the emission layer may be in a
range of about 100 A to about 1,000 A, and in some
embodiments, about 200 A to about 600 A. While not
wishing to be bound by theory, it is understood that when the
thickness of the emission layer is within any of these ranges,
improved luminous characteristics may be obtained without
a substantial increase in driving voltage.

[0234] Next, an electron transport region may be formed
on the emission layer.

[0235] The electron transport region may include a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, or a combination thereof.

[0236] Insome embodiments, the electron transport region
may have a hole blocking layer/an electron transport layer/
an electron injection layer structure or an electron transport
layer/an electron injection layer structure, but embodiments
are not limited thereto. The electron transport layer may
have a single-layered structure or a multi-layered structure
including two or more different materials.

[0237] The conditions for forming a hole blocking layer,
an electron transport layer, and an electron injection layer
may be inferred based on the conditions for forming the hole
injection layer.

[0238] When the electron transport region includes a hole
blocking layer, the hole blocking layer may include, for
example, at least one selected from BCP, Bphen, and BAlq,
but embodiments are not limited thereto:

BCP

[0239] The thickness of the hole blocking layer may be in
a range of about 20 A to about 1,000 A, for example, about
30 A to about 300 A. While not wishing to be bound by
theory, it is understood that when the thickness of the hole
blocking layer is within these ranges, excellent hole block-
ing characteristics may be obtained without a substantial
increase in driving voltage.
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[0240] The electron transport layer may further include at
least one selected from BCP, BPhen, Alq3, BAlg, TAZ, and
NTAZ:

Z,

(0]
\A/
==

7\

Alqgs

BAlg

N—N

/\

TAZ

NTAZ

[0241] In some embodiments, the electron transport layer
may include at least one selected from Compounds ET1 to
ET25, but embodiments are not limited thereto:
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[0242] The thickness of the electron transport layer may
be in a range of about 100 A to about 1,000 A, and in some
embodiments, about 150 A to about 500 A. While not
wishing to be bound by theory, it is understood that when the
thickness of the electron transport layer is within any of
these ranges, excellent electron transport characteristics may
be obtained without a substantial increase in driving voltage.

[0243] The electron transport layer may further include a
material containing metal, in addition to the materials
described above.

[0244] The material containing metal may include a
lithium (Li) complex. The Li complex may include, e.g.,
Compound ET-D1 (lithium quinolate, LiQ) or Compound
ET-D2:

ET-D1

ET-D2

[0245] The electron transport region may include an elec-
tron injection layer that facilitates electron injection from the
second electrode 19.

[0246] The electron injection layer may include at least
one selected from LiF, NaCl, CsF, Li,0O, and BaO.

[0247] The thickness of the electron injection layer may be
in a range of about 1 A to about 100 A, and in some
embodiments, about 3 A to about 90 A. While not wishing
to be bound by theory, it is understood that when the
thickness of the electron injection layer is within any of
these ranges, excellent electron injection characteristics may
be obtained without a substantial increase in driving voltage.

[0248] The second electrode 19 may be formed on the
organic layer 15. The second electrode 19 may be a cathode.
A material for forming the second electrode 19 may be a
material with a relatively low work function, such as a metal,
an alloy, an electrically conductive compound, and a mixture
thereof. Examples of the material for forming the second
electrode 19 may include lithium (Li), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium  (Mg—In), and magnesium-silver
(Mg—Ag). In some embodiments, ITO or IZO may be used
to form a transmissive second electrode 19 to manufacture
a top emission light-emitting device. In some embodiments,
the material for forming the second electrode 19 may vary.
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[0249] Hereinbefore the organic light-emitting device 10
has been described with reference to the FIGURE, but
embodiments are not limited thereto.

[0250] According to an aspect of another embodiment, a
diagnostic composition includes at least one organometallic
compound represented by Formula 1.

[0251] Since the organometallic compound represented by
Formula 1 provides high luminous efficiency, the diagnostic
efficiency of the diagnostic composition that includes the
organometallic compound represented by Formula 1 may be
excellent.

[0252] The diagnostic composition may be applied in
various ways, such as in a diagnostic kit, a diagnostic
reagent, a biosensor, or a biomarker.

[0253] The term “C,-Cg, alkyl group” as used herein
refers to a linear or branched saturated aliphatic hydrocarbon
monovalent group having 1 to 60 carbon atoms. Examples
thereof include a methyl group, an ethyl group, a propyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, an iso-amy] group, and a hexyl group.
The term “C,-Cq, alkylene group” as used herein refers to a
divalent group having substantially the same structure as the
C,-Cg, alkyl group.

[0254] The term “C,-C,, alkoxy group” as used herein
refers to a monovalent group represented by —OA,;
(wherein A, is a C,-C, alkyl group). Examples thereof
include a methoxy group, an ethoxy group, and an isopro-
pyloxy group.

[0255] The term “C,-Cg4 alkenyl group” as used herein
refers to a group formed by including at least one carbon-
carbon double bond in the middle or at the terminus of the
C,-Cg, alkyl group. Examples thereof include an ethenyl
group, a propenyl group, and a butenyl group. The term
“C,-Cq, alkenylene group” as used herein refers to a diva-
lent group having substantially the same structure as the
C,-Cy, alkenyl group.

[0256] The term “C,-Cg, alkynyl group” as used herein
refers to a group formed by including at least one carbon-
carbon triple bond in the middle or at the terminus of the
C,-Cg alkyl group. Examples thereof include an ethenyl
group and a propenyl group. The term “C,-Cg, alkynylene
group” as used herein refers to a divalent group having
substantially the same structure as the C,-Cy, alkynyl group.
[0257] The term “C5-C,, cycloalkyl group” as used herein
refers to a monovalent monocyclic saturated hydrocarbon
group including 3 to 10 carbon atoms. Examples thereof
include a cyclopropyl group, a cyclobutyl group, a cyclo-
pentyl group, a cyclohexyl group, and a cycloheptyl group.
The term “C;-C,, cycloalkylene group” as used herein refers
to a divalent group having substantially the same structure as
the C;-C,, cycloalkyl group.

[0258] The term “C,-C,, heterocycloalkyl group™ as used
herein refers to a monovalent monocyclic group including at
least one heteroatom selected from N, O, P, Si, and S as a
ring-forming atom and 1 to 10 carbon atoms. Examples
thereof include a tetrahydrofuranyl group and a tetrahydro-
thiophenyl group. The term “C,-C,, heterocycloalkylene
group” as used herein refers to a divalent group having
substantially the same structure as the C,-C,, heterocy-
cloalkyl group.

[0259] The term “C,;-C,, cycloalkenyl group” as used
herein refers to a monovalent monocyclic group including 3
to 10 carbon atoms and at least one carbon-carbon double
bond in its ring, wherein the molecular structure as a whole
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is non-aromatic. Examples thereof include a cyclopentenyl
group, a cyclohexenyl group, and a cycloheptenyl group.
The term “C;-C,, cycloalkenylene group” as used herein
refers to a divalent group having substantially the same
structure as the C5-C,, cycloalkenyl group.

[0260] The term “C,-C,, heterocycloalkenyl group” as
used herein refers to a monovalent monocyclic group includ-
ing at least one heteroatom 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,, het-
erocycloalkenyl group include a 2,3-dihydrofuranyl group
and a 2,3-dihydrothiophenyl group. The term “C,-C,, het-
erocycloalkylene group” as used herein refers to a divalent
group having substantially the same structure as the C,-C,,
heterocycloalkyl group.

[0261] The term “C4-Cg, arvl group” as used herein refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms. The term “C4-Cg,, arylene
group” as used herein refers to a divalent group having a
carbocyclic aromatic system having 6 to 60 carbon atoms.
Examples of the C,-Cy, aryl group include a phenyl group,
a naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, and a chrysenyl group. When the
Cs-Ceo aryl group and a C4-Cg, arylene group each include
at least two rings, the at least two rings may be fused.
[0262] The term “C,-Cy, heteroaryl group” as used herein
refers to a monovalent group having a cyclic aromatic
system having at least one heteroatom selected from N, O,
P, Si, and S as a ring-forming atom and 1 to 60 carbon atoms.
The term “C,-Cy, heteroarylene group” as used herein refers
to a divalent group having a cyclic aromatic system having
at least one heteroatom selected from N, O, P, and S as a
ring-forming atom and 1 to 60 carbon atoms. Examples of
the C,-Cy, heteroaryl group include a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, and an isoquinolinyl
group. When the C -C, heteroaryl group and the C,-Cq,
heteroarylene group each include at least two rings, the at
least two rings may be fused.

[0263] The term “C4-Cg, aryloxy group” as used herein
indicates —OA,,, (wWherein A, is a C,-Cy, aryl group).
The term “C;-Cg, arylthio group” as used herein indicates
—SA |5 (wherein A, is a C4-Cg, aryl group).

[0264] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group that has two or more condensed rings and only carbon
atoms (e.g., the number of carbon atoms may be in a range
of 8 to 60) as ring-forming atoms, wherein the molecular
structure as a whole is non-aromatic. Examples of the
monovalent non-aromatic condensed polycyclic group
include a fluorenyl group. The term “divalent non-aromatic
condensed polycyclic group” as used herein refers to a
divalent group having substantially the same structure as the
monovalent non-aromatic condensed polycyclic group.
[0265] The term “monovalent non-aromatic condensed
heteropolycyclic group™ as used herein refers to a monova-
lent group that has two or more condensed rings and a
heteroatom selected from N, O, P, Si, and S and carbon
atoms (e.g., the number of carbon atoms may be in a range
of 1 to 60) as ring-forming atoms, wherein the molecular
structure as a whole is non-aromatic. Examples of the
monovalent non-aromatic condensed heteropolycyclic
group include a carbazolyl group. The term “divalent non-
aromatic condensed heteropolycyclic group™ as used herein
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refers to a divalent group having substantially the same
structure as the monovalent non-aromatic condensed het-
eropolycyclic group.

[0266] The term “Cs-C,, carbocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
including 5 to 30 carbon atoms only as ring-forming atoms.
The C,-C,, carbocyclic group may be a monocyclic group
or a polycyclic group.

[0267] The term “C,-C,, heterocyclic group” as used
herein refers to saturated or unsaturated cyclic group includ-
ing 1 to 30 carbon atoms and at least one heteroatom
selected from N, O, P, Si, and S as ring-forming atoms. The
C,-C5, heterocyclic group may be a monocyclic group or a
polycyclic group.

[0268] At least one substituent of the substituted C5-Cy,
carbocyclic group, substituted C,-C,, heterocyclic group,
substituted C,-C, alkyl group, substituted C,-C, alkenyl
group, substituted C,-Cy, alkynyl group, substituted C,-Cg,
alkoxy group, substituted C,-C,, cycloalkyl group, substi-
tuted C,-C,, heterocycloalkyl group, substituted C;-C,,
cycloalkenyl group, substituted C,-C,, heterocycloalkenyl
group, substituted C4-Cg, aryl group, substituted Cg-Cg,
aryloxy group, substituted C¢-Cy, arylthio group, substituted
C,-Cy, heteroaryl group, substituted monovalent non-aro-
matic condensed polycyclic group and substituted monova-
lent non-aromatic condensed heteropolycyclic group may be
selected from:

[0269] deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF,, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C;-Cg,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl group,
and a C,-Cg, alkoxy group; a C;-Cy, alkyl group, a C,-Cy,
alkenyl group, a C,-C, 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,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, cycloalkyl
group, a C,-C, , heterocycloalkyl group, a C5-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cgp
aryl group, a C,-Cg, aryloxy group, a C4-Cy arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q;,), —Si(Q,3)
(Q)Q5), —B(Q6)(Qy7). and —P(=0)(Q,5)(Qy);
[0270] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C4-Co,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0271] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-C,
aryloxy group, a C4-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
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from deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, _continued
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt py 2 NHOAc
thereof, a phosphoric acid group or a salt thereof, a C,-Cg, AcOH

alkyl group, a C,-Cg, alkenyl group, a C,-C, alkynyl group,
a C,-Cq, alkoxy group, a C;-C, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cgy, aryl group, a
Cs-Cyo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed

heteropolycyelic - group, —N(Q,;)(Q55), —S1(Q23)(Q24)
(Qas), —B(Q16)(Qs7), and —P(=0)(Q,5)(Qs); and

[0272] —N(Q;)(Qs2), —Si(Qa3)(Q34)(Qs5), —B(Qs6)
(Qs7), and —P(=0)(Q;5)(Q35), A5

[0273]  wherein Q, to Qq, Q;; t0 Q0. Qy; 10 Q. and Q5
to Q5o may each independently be selected from hydrogen, H,N

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cy,, alkyl group,
a C,-Cq, alkenyl group, a C,-Cy, alkynyl group, a C,-Cq,
alkoxy group, a C5-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C¢-Cy, aryl group, a C-C, aryl
group substituted with at least one selected from a C,-Cg,
alkyl group and a C,-Cg, aryl group, a C,-Cq, aryloxy
group, a C4-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group.

[0274] Hereinafter, a compound and an organic light-
emitting device according to an embodiment will be
described in detail with reference to Synthesis Examples and
Examples, however, the present disclosure is not limited
thereto. The wording “B was used instead of A” used in
describing Synthesis Examples means that an amount of B
used was identical to an amount of A used in terms of molar
equivalents.

1. KOBW
THF

Mel, KOBY'
THF

Pd;(dba);
dppf, KO'Bu
Toluene

Ad

NN
Pd,(dba);
P'Buz, KO'Bu
Toluene

EXAMPLES

Synthesis Example 1: Synthesis of Compound 9

[0275] A3
\ OCH;
N
/ OCH,
0
OMe
A
N
0
N
OMe 7N

A6 A2
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-continued

PN

Compound 9

[0276]

[0277] 7-methoxy-1-indanone was mixed with excess
dimethylformamide dimethyl acetal, and the mixture was
refluxed for 12 hours. Then, dimethylformamide dimethyl
acetal was removed therefrom, and hexane was added
thereto, which facilitated recrystalization. A solid was
formed and filtered, thereby obtaining bright yellow Inter-
mediate A6 (yield: 90%).

[0278] 'H NMR (400 MHz, CDCl,, 25° C.): 8=7.40 (s,
1H), 7.38 (t, J=7.8 Hz, 1H), 6.98 (d, I=7.4 Hz, 1H), 6.77 (d,
J=8.2 Hz, 1H), 3.93 (s, 3H), 3.82 (s, 2H), 3.12 (s, 6H).
EI-MS (+ve, m/z): 217 [M*].

[0279]

[0280] 1.0 equivalent of 1-(3-bromophenyl)ethanone and
1.2 equivalents of potassium tert-butoxide were mixed and
reacted with tetrahydrofuran for 2 hours at room tempera-
ture, thereby obtaining bright brown precipitate. Next, 1.0
equivalent of Intermediate A6 was mixed with tetrahydro-
furan, which was then added thereto, thereby allowing
reaction to occur for additional 12 hours at room tempera-
ture. Subsequently, the reaction mixture was added to a
mixture of 15.0 grams (g) of ammonium acetate and 20
milliliters (mL) of acetic acid. Volatile components were
removed therefrom by distillation for 2 hours. Then, the
mixture was cooled to room temperature and dissolved in
dichloromethane, followed by addition of a sodium hydro-
gen carbonate solution thereto. An organic layer was
obtained therefrom, which was then separated and dried
using magnesium sulfate. The resultant was distilled under

Synthesis of Intermediate A6

Synthesis of Intermediate AS

Mar. 7, 2019

reduced pressure to obtain oil. The oil was purified using
column chromatography, thereby obtaining Intermediate AS
(vield: 78%).

[0281] ‘H NMR (300 MHz, CDCl,, 25° C.): =8.35-8.36
(m, 1H), 8.08 (d, J=7.8 Hz, 1H), 7.85 (d, I=7.9 Hz, 1H), 7.61
(d,J=7.9 Hz, 1H), 7.53 (d, J=7.9 Hz, 1H), 7.32-7.43 (m, 2H),
7.20 (t, I=7.3 Hz, 1H), 6.98 (t, J=8.2 Hz, 1H), 4.12 (s, 3H),
3.92 (s, 2H). EI-MS (+ve, m/z): 352 [M™].

[0282] Synthesis of Intermediate A4

[0283] 1.0 equivalent of Intermediate AS, 4.0 equivalents
of methyliodine, and 2.5 equivalents of potassium tert-
butoxide were added to tetrahydrofuran, and the mixture
was allowed to react for 1 day at a temperature of 50° C. The
resulting mixture was then cooled to room temperature, and
a solvent was distilled under reduced pressure, thereby
obtaining a mixture. The obtained mixture was poured into
a separatory funnel with the addition of dichloromethane
and water thereto. An organic layer was separated therefrom,
which was then dried using magnesium sulfate. The resul-
tant was distilled under reduced pressure to obtain a result-
ing mixture. The resulting mixture was purified using col-
umn chromatography, thereby obtaining Intermediate A4
(vield: 82%).

[0284] 'H NMR (400 MHz, CDCl,, 25° C.): $=8.32-8.33
(m, 1H), 8.06 (d, J=7.7 Hz, 1H), 7.74 (d. I=8.0 Hz, 1H), 7.60
(d,J=7.9Hz, 1H), 7.52 (d, J=7.9 Hz, 1H), 7.32-7.44 (m, 2H),
7.11 (d, I=7.5 Hz, 1H), 6.95 (d, J=8.2 Hz, 1H), 4.11 (s, 3H),
1.51 (s, 6H). EI-MS (+ve, m/z): 380 [M*].

[0285] Synthesis of Intermediate A3

[0286] 1.0 equivalent of Intermediate A4, 1.0 equivalent
of 2-phenylaniline, 5 mole percent (mol %) of Pd,(dba),, 10
mol % of 1,1'-bis(diphenylphosphanyl) ferrocene (dppf),
and 1.5 equivalents of potassium tert-butoxide were mixed
with toluene and refluxed for 12 hours. Subsequently, the
resultant was cooled to room temperature and distilled under
reduced pressure to obtain a resulting mixture. The resulting
mixture was purified using column chromatography. thereby
obtaining Intermediate A3 (yield: 53%).

[0287] 'H NMR (300 MHz, CDCl,, 25° C.) 8=7.93-7.87
(m, 1H),7.71 (d, I=7.9 Hz, 1H), 7.62 (m, 2H), 7.55-7.40 (m,
SH), 7.40-7.32 (m, 3H), 7.30 (m, 2H), 7.11 (t, J=8.3 Hz, 2H),
7.05-6.96 (m, 1H), 6.92 (d, J=8.2 Hz, 1H), 4.03 (s, 3H), 1.50
(s, 6H). EI-MS: m/z 467.3 [M*].

[0288] Synthesis of Intermediate A2

[0289] 1.0 equivalent of Intermediate A3, 1.0 equivalent
of 2-bromo-4-(dimethylamino)pyridine, 5 mol % of Pd,
(dba)s, 15 mol % of tri-tert-butylphosphine, and 1.5 equiva-
lents of potassium tert-butoxide were mixed with toluene
and refluxed for 24 hours. Subsequently, the resultant was
cooled to room temperature, and a solvent was distilled
under reduced pressure to obtain a resulting mixture. The
resulting mixture was purified using column chromatogra-
phy, thereby obtaining Intermediate A2 (yield: 46%).
[0290] 'H NMR (300 MHz, CD,Cl,, 25° C.) 8=7.85 (d,
J=6.5 Hz, 1H), 7.72 (dd, J=13.5 Hz, 7.5 Hz, 3H), 7.43 (dd,
J=11.7 Hz, 4.4 Hz, 5H), 7.39-7.30 (m, 2H), 7.30-7.16 (m,
4H), 7.13 (t, I=6.7 Hz, 2H), 6.93 (d, J=8.2 Hz, 2H),
6.19-6.13 (m, 1H), 5.87 (d, J=2.0 Hz, 1H), 3.94 (s, 3H),
2.96-2.76 (m, 6H), 1.48 (s, 6H). EI-MS: m/z 587.4 [M*].
[0291] Synthesis of Intermediate Al

[0292] 0.20 g (0.34 mmol) of Intermediate A2 and 3.0 g
(26.0 mmol) of pyridine hydrochloride were reacted at a
temperature of 230° C. for 2 hours. Then, the mixture was
cooled to room temperature, and ethyl acetate and water was
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added thereto. An organic layer was separated therefrom by
using a separatory funnel, and the separated organic layer
was distilled under reduced pressure to obtain a resulting
mixture. The resulting mixture was purified using column
chromatography, thereby obtaining Intermediate A1 (yield:
90%).

[0293] 'H NMR (300 MHz, CD,Cl,, 25° C.) §=7.84 (d,
J=6.1 Hz, 1H), 7.73 (d, I=7.9 Hz, 1H), 7.58-7.46 (m, 2H),
7.45-735 (m, SH), 7.31 (m, 3H), 7.16 (m, 4H), 7.03 (d,
J=1.5 Hz, 1H), 6.93 (d, ]=8.1 Hz, 1H), 6.86 (d, J=8.1 Hz,
1H), 6.16 (dd, J=6.0Hz, 2.2 Hz, 1H), 5.96 (d, J=2.1 Hz, 1H),
2.85 (s, 6H), 1.55 (s, 6H). EI-MS: m/z 573.4 [M*].

[0294] Synthesis of Compound 9

[0295] 0.17 g(0.41 mmol) of K,PtCl,, 0.24 g (0.41 mmol)
of Intermediate Al, and 5 mL of glacial acetic acid were
mixed together, and refluxed for 12 hours. Subsequently, the
resultant was cooled to room temperature and distilled under
reduced pressure to obtain a resulting mixture. The resulting
mixture was purified using column chromatography, thereby
obtaining Compound 9 (yield: 20%).

[0296] 'H NMR (400 MHz, CD,Cl,, 25° C.) =9.65-9.63
(d, I=7.3 Hz, 1H), 7.88-7.86 (d, J=7.7 Hz, 1H), 7.69-7.59
(m, 3H), 7.55-7.53 (d, J=7.7 Hz, 1H), 7.49-7.34 (m, 3H),
7.19-7.08 (m, SH), 6.98-6.93 (m, 2H), 6.71-6.69 (d, J=7.1
Hz, 1H), 6.24-6.13 (m, 2H), 5.45-5.44 (d, I=2.7 Hz, 1H),
2.76 (s, 6H), 1.54 (s, 6H). ESI-MS (MeOH): m/z 768.6
[M*].

Synthesis Example 2: Synthesis of Compound 1

[0297] Compound 1 was prepared in substantially the
same manner as in Synthesis Example 1, except that aniline
was used instead of 2-phenylaniline in synthesizing Inter-
mediate A3 (yield: 22%).

[0298] 'H NMR (400 MHz, CD.Cl,, 25° C.) $=9.66-9.64
(d, I=7.3 Hz, 1H), 7.86-7.84 (d, J=7.7 Hz, 1H), 7.68-7.61
(m, 3H), 7.55-7.53 (d, J=7.7 Hz, 1H), 7.49-7.34 (m, 3H),
7.17-7.10 (m, 2H), 6.95-6.93 (m, 1H), 6.71-6.69 (d, J=7.1
Hz, 1H), 6.24-6.13 (m, 2H), 5.45-5.44 (d, J=2.7 Hz, 1H),
2.75 (s, 6H), 1.54 (s, 6H). ESI-MS (MeOH): m/z 692.3
[M"].

Synthesis Example 3: Synthesis of Compound 3

[0299] Compound 3 was prepared in substantially the
same manner as in Synthesis Example 1, except that aniline
was used instead of 2-phenylaniline in synthesizing Inter-
mediate A3, and 2-bromo-4-(diphenylamino)pyridine was
used instead of 2-bromo-4-(dimethylamino)pyridine in syn-
thesizing Intermediate A2 (yield: 25%).

[0300] ‘H NMR (400 MHz, CDCL,) 8 9.77 (d, J=7.2 Hz,
1H), 7.85 (d, J=7.8 Hz, 1H), 7.52 (d, 7.6 Hz, 1H),
7.36-7.46 (m, 4H), 7.26-7.30 (m, 1H), 7.16 (d, J=7.3 Hz,
2H), 7.05-7.06 (m, 5H), 6.88-6.95 (m, 7H). 6.72 (d, I=7.1
Hz, 1H), 6.38 (dd, J=7.2 Hz, 2.6 Hz, 1H), 6.05 (d, J=8.2 Hz,
1H), 5.48 (d, J=2.6 Hz, 1H), 1.57 (s, 6H). ESI-MS: m/z
816.5 [M™*].

Evaluation Example 1: Measurement of Decay
Time

[0301] A quartz substrate was prepared by washing with
chloroform and pure water, and then, the materials that are
listed in Table 2 were vacuum co-deposited under a vacuum
degree of about 1077 torr to prepare Films 1, 2,3, and A each
having a thickness of about 50 nanometers (nm).
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TABLE 2
Compounds used in the preparation of the film (each
Film ratio described herein indicates the weight ratio)
Film 1 CBP:Compound 1 = 9:1
Film 2 CBP:Compound 3 = 9:1
Film 3 CBP:Compound 9 = 9:1
Film A CBP:Compound A = 9:1
[0302] Each of photoluminescence (PL) spectra of the

prepared Films 1, 2, 3, and A was evaluated at room
temperature by using a time-resolved photoluminescence
(TRPL) measurement system, FluoTime 300 (available from
PicoQuant), and a pumping source, PL.S340 (available from
PicoQuant, excitation wavelength=340 nm, spectral
width=20 nanometers, nm). Then, a wavelength of the main
peak in each PL spectrum was determined, and upon photon
pulses (pulse width=500 picoseconds, ps) applied to the film
by PLS340, the number of photons emitted at the wave-
length of the main peak for each film was repeatedly
measured over time by time-correlated single photon count-
ing (TCSPC), thereby obtaining TRPL curves available for
the sufficient fitting. Based on the results obtained there-
from, two or more exponential decay functions were set
forth for the fitting, thereby obtaining T, (Ex), ie, a
decay time, for Films 1, 2, 3, and A. The results thereof are
shown in Table 3. The functions used for the fitting are as
described in Equation 1, and a decay time T, having the
largest value among values for each of the exponential decay
functions used for the fitting was taken as T, (Ex), i.e., a
decay time. Here, during the same measurement time as the
measurement time for obtaining TRPL curves, the same
measurement was repeated once more in a dark state (i.e., a
state where a pumping signal incident on each of the films
was blocked), thereby obtaining a baseline or a background
signal curve available as a baseline for the fitting.

L Equation 1
£ =) Aresp(=t/ Tyeeay)
i=1
TABLE 3
Decay time

Film microseconds (s)
Film 1 (Compound 1) 73
Film 2 (Compound 3) 7.0
Film 3 (Compound 9) 7.6
Film A (Compound A) 13.0
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TABLE 3-continued a hole blocking layer having a thickness of 50 A. Subse-
quently, Alq, was deposited on the hole blocking layer to
form an electron transport layer having a thickness of 350 A.
LiF was deposited on the electron transport layer to form an
electron injection layer having a thickness of 10 A. MgAg
was deposited on the electron injection layer at a weight
ratio of 90:10 to form a cathode having a thickness of 120
A, thereby completing the manufacture of an organic light-
emitting device (which emits red light). The organic light-
| /@ emitting device thus have a structure of ITO/Ag/ITO/2-
N TNATA (600 AYNPB (1,350 A)/CBP+Compound 1(10 wt
%) (400 AYBCP (50 A)/Alg, (350 A)YLiF (10 AyMgAg
(120 A):

Decay time
Film microseconds (s)

[0303] As shown in Table 3, Compounds 1, 3, and 9 were
found to have short decay times, as compared with Com-
pound A.

:
s

Example 1

[0304] A glass substrate, on which an anode having an
ITO/Ag/ATO (70 A/1,000 A/70 A) structure was deposited,
was cut to a size of 50 millimeters (mm)x50 mmx0.5 mm,
sonicated in isopropyl alcohol and water for 5 minutes each,
and cleaned by exposure to ultraviolet rays and ozone for 30
minutes. Subsequently, the glass substrate was mounted on
a vacuum-deposition device.

[0305] 2-TNATA was deposited on the anode to form a ’
hole injection layer having a thickness of 600 A. 4,4'-bis
[N-(1-naphthyl)-N-phenylamino]biphenyl (hereinafter,
referred as “NPB”) was deposited on the hole injection layer
to form a hole transport layer having a thickness of 1,350 A.
[0306] CBP (as a host) and Compound 1 (as a dopant)
were co-deposited on the hole transport layer at a weight
ratio of 90:10 to form an emission layer having a thickness
of 400 A. BCP was deposited on the emission layer to form

CBP
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-continued

Algs

Examples 2 and 3 and Comparative Examples A
and B

[0307] Organic light-emitting devices were manufactured
in substantially the same manner as in Example 1, except
that the compounds listed in Table 4 were used instead of
Compound 1 as a dopant in the formation of an emission
layer.

Evaluation Example 2: Evaluation of
Characteristics of Organic Light-Emitting Device

[0308] The driving voltage, luminescence efficiency, roll-
off, FWHM, and lifespan (T,5) of the organic light-emitting
devices manufactured in Examples 1 to 3 and Comparative
Examples A and B were evaluated. The results thereof are
shown in Table 4. A Keithley 2400 current voltmeter and a
luminance meter (Minolta Cs-1000A) were used in the
evaluation. The lifespan (T,) refers to time required for the
initial luminance of 6,000 nit of the organic light-emitting
device to reduce by 95%. The roll-off was calculated by the
following Equation 20:

Roll-off={1-(efficiency (at 9,000 nitymaximum

luminous efficiency)}x100% Equation 20
TABLE 4
Driv
ing- Lumin- Life-
volt- escelnce span
age  efficiency Roll-off FWHM (Tys)
Dopant (V) (cd/A) (%) (nm)  (hr))
Example 1  Compound 2.3 73.3 2.7 76 65
1
Example 2 Compound 23 78.9 2.6 71 85

3
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TABLE 4-continued
Driv
ing- Lumin- Life-
volt- escence span
age  efficiency Roll-off FWHM (Tys)
Dopant V) (ed/A) (%) (nm)  (hr))
Example 3 Compound 23 71.6 2.7 75 55
9
Compara- Compound 22 38.0 38.5 80 30
tive A
Example A
Compara- Compound 25 67.7 8.4 82 50
tive B
Example B

A
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TABLE 4-continued

Driv
ing- Lumin- Life-
volt- escence span

age  efficiency Roll-off FWHM (Tys)

Dopant W) (cd/A) (%) (nm)  (hr))

[0309]
light-emitting device of Examples 1 to 3 were found to have

Referring to the results of Table 4, the organic

higher luminescence efficiency, lower roll-off, shorter
FWHM, and longer lifespan characteristics than those of the
organic light-emitting device of Comparative Examples A
and B.

[0310]
the organometallic compound may include a short FWHM

As apparent from the foregoing description, since

and a short decay time, an organic light-emitting device
including the organometallic compound may have improved
roll-off. Further, a diagnostic composition that includes the
organonietallic compound may have high diagnostic effi-
ciency, because the organometallic compound is excellent in
phosphorescent emission characteristics.

[0311] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or

aspects in other embodiments.

[0312] While one or more 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 disclosure
as defined by the following claims.

1:
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What is claimed is:
1. An organometallic compound represented by Formula

) Formula 1
(-TZ')HZ (R
Elongg T ‘\/T2\ | . YL
Loy Loy o
/ t o X )I(g /
Ty T \M/ T;
’,\ J IS Xl/ Xs )I(4' \\‘
booyy N
<. A ) (Z4)ca
(Z1)ei ~.__|__x - -I <
(th)al (R4,)a4

wherein, in Formula 1,

M is selected from beryllium (Be), magnesium (Mg),
aluminum (Al), calcium (Ca), titanium (Ti), manganese
(Mn), cobalt (Co), copper (Cu), zinc (Zn), gallium
(Ga), germanium (Ge), zirconium (Zr), ruthenium
(Ru), rhodium (Rh), palladium (Pd), silver, (Ag), rhe-
nium (Re), platinum (Pt), and gold (Au),

X, is carbon (C),

X, to X, are each independently selected from C and
nitrogen (N),

X 1s selected from O, S, B(R"), N(R"), P(R"), C(RY(R"),
SIR)(R"). Ge(R)(R"), C(=0), BR)R"), NR)(R"),
and P(R)(R"),

two selected from a bond between X, and M, a bond
between X, and M, and a bond between X, and M are
each a coordinate bond, while the rest is a covalent
bond,

a bond between X and M is a covalent bond,

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

T, is selected from a single bond, a double bond, *—N

[(Lsp)us-Re)I—", *—BRe)—*, *—PRes)—,
**C(Rm)(Rm)f*' * Sl(Rél)(R62)7*' *4Ge(R61)
(R62)—*', * 8w —Se * Ok _C
(= O) ; *=S8(=0)— *S(—O)z o, *—C
(R61 =", *:C(Rm)**'s *7C(R61):C(R62)7*'5
Y = S) * and *—C=C—*',

T, is selected from a single bond, a double bond, *—N

[(L63)a63-(R63)]7 *7B(R63)7*'5 *7P(R63)7*'5
*—C(Re3)Reg)—*, *—Si(Rg3)(Rey)—", *—Ge(Ry)

(Rgg) ¥, * S #, *Se ¥, ¥ 0¥, *C
(-0)—*, *-S(-0) ¥, *§(=0), ¥ *
(R63 **' :C(R63)7 " **C(R@):C(Rm)f*'s
+C(—S)*, and *CaC*,

T, is selected from a single bond, a double bond, *—N

[(Lss)ags-(Res)—*', *—BRgs5)—", *—P(Rgs)—",
F—CRs5)Rge)—", *—Si(Rgs)(Re)—", *—Ge(Res)

(R66)7*'> S *_[e—¥, O *C
(=0)—*, *-S(=0)—*, *§(=0),*, *C
Res)— **' *—C(Rgs)—*', *—C(Rgs)—CRee)—",
7C( S) *'s and *4CEC**'5
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T, is selected from *—N[(Ls),67-(Re)]—*, *—B
(Re7)—* *—P(Rg)—*, *—C(Ry7)(Reg)—*, *—Si
ReDRee)—*,  *—GeRe)Ree)—*,  *—S—*,
*7867*" *407*" *4(:0)7*" Kis(zo)i
, A S(=0),—*, *CRe)=", *=CRs)—",
FCR)=CReg)—",  *—C(=5)—",  and
*4CEC7*',

Lg1s Lgs, Lgs, and L, are each independently selected
from a single bond, a substituted or unsubstituted
C5-Cs4, carbocyclic group, and a substituted or unsub-
stituted C,-C5, heterocyclic group,

a61, a63, a65, and a67 are each independently an integer
from 1 to 3; when a61 is 2 or greater, at least two L,
groups are identical to or different from each other,
when a63 is 2 or greater, at least two L, groups are
identical to or different from each other, when a65 is 2
or greater, at least two L, groups are identical to or
different from each other, when a67 is 2 or greater, at
least two L, groups are identical to or different from
each other,

Rs, and Rg,, Ry; and Ry, Res and Ry, and Ry, and R
are optionally linked via a first linking group to form a
substituted or unsubstituted C5-C5, carbocyclic group
or a substituted or unsubstituted C,-C;, heterocyclic
group,

7, to 7, are each a group represented by *—N(R;;)(Rs,),

cl to ¢4 are each independently an integer from 0 to 5,
provided that a sum of ¢l to c4 is 1 or greater,

R, to R,, R;; to Rs,, Rg; t0 Rgg, R, and R" are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, —SF,, a hydroxyl group, a cyano
group, a nitro group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cq, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-C, alkyny! group, a substituted or
unsubstituted C,-C, alkoxy group, a substituted or
unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C5-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C-C, alkylaryl group, a
substituted or unsubstituted C4-Cg,, aryloxy group, a
substituted or unsubstituted C4-C,, arylthio group, a
substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted C,-C, alkyl-heteroaryl
group, a substituted or unsubstituted monovalent non-
aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-

eropolycyclic group, —N(Q,)(Qs), —Si(Q4)(Q4)(Qs),
—B(Qe)(Q,), and —P=0)(Qg)(Qy),

al to a4 are each independently an integer from O to 20,

two groups selected from a plurality of R; groups are
optionally linked to form a substituted or unsubstituted
C,-C,, carbocyclic group or a substituted or unsubsti-
tuted C,-C,,, heterocyclic group,

two groups selected from a plurality of R, groups are
optionally linked to form a substituted or unsubstituted
C,-C,4, carbocyclic group or a substituted or unsubsti-
tuted C,-Cs, heterocyclic group,

53
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two groups selected from a plurality of R; groups are
optionally linked to form a substituted or unsubstituted
C,-C,,, carbocyclic group or a substituted or unsubsti-
tuted C,-C;,, heterocyclic group,

two groups selected from a plurality of R, groups are
optionally bound to form a substituted or unsubstituted
C5-C,q carbocyclic group or a substituted or unsubsti-
tuted C,-C;, heterocyclic group,

at least two of R, to R, are optionally linked to form a
substituted or unsubstituted C5-C,, carbocyclic group
or a substituted or unsubstituted C,-C,, heterocyclic
group,

R, and R, are optionally linked to form a substituted or
unsubstituted C,-C,, carbocyclic group or a substituted
or unsubstituted C,-C,, heterocyclic group,

* and * each indicate a binding site to an adjacent atom,
and

at least one substituent of the substituted C5-C,, carbo-
cyclic group, substituted C,-C,, heterocyclic group,
substituted C,-Cy, alkyl group, substituted C,-C, alk-
enyl group, substituted C,-C, alkynyl group, substi-
tuted C,-C4, alkoxy group, substituted C;-C,,
cycloalkyl group, substituted C,-C,, heterocycloalkyl
group, substituted C;-C,, cycloalkenyl group, substi-
tuted C,-C,, heterocycloalkenyl group, substituted
Cs-Cyo aryl group, substituted Cg-Cg, aryloxy group,
substituted C4-Cgy arylthio group, substituted C,-Cg,
heteroaryl group, substituted monovalent non-aromatic
condensed polycyclic group, and substituted monova-
lent non-aromatic condensed heteropolycyclic group is
selected from:

deuterinm, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-C, alkyl group, a C,-C, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group;

a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, —CD,, —CD,H, —CDH,, —CF,,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C5-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C,-C,,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cg, aryl group, a C,-Cq, alkylaryl
group, a C4-Cq, aryloxy group, a C,-Cg, arylthio group,
a C,-Cg, heteroaryl group, a C,-Cg, alkyl-heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, a monovalent non-aromatic condensed het-
eropolycyclic group, —N(Q;1)(Qy»), —Si(Q13)(Q14)
Qi5). —BQ,6)(Qy7), and —P(=0)(Q,5)(Qy5);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C,-Cg,
alkylaryl group, a C,-Cg, aryloxy group, a Cg-Cg
arylthio group, a C,-Cy, heteroaryl group, a monova-
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lent non-aromatic condensed polycyclic 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,, hetero-
cycloalkenyl group, a C4-Cgp aryl group, a C,-Cg,
alkylaryl group, a C,-C,, aryloxy group, a C4-Cgy,
arylthio group, a C,-Cg, heteroaryl group. a C,-Cg,
alkyl-heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group, each sub-
stituted 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 amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cg, alkyl
group, a C,-Cg, alkenyl group, a C,-C,, alkynyl group,
a C,-Cq, alkoxy group, a C;5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group. a C4-Cq,
aryl group, a C,-C,, alkylaryl group, a C,-C, aryloxy
group, a Cs-Cgy arylthio group, a C,-Cq, heteroaryl
group, a C,-Cg, alkyl-heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a monova-
lent non-aromatic condensed heteropolycyclic group,

—N(Q,)(Qs): —Si(Q23)(Q24)(Qs5), —B(Q26)(Q27):
and —P(—0)(Q23)(Q,o); and
—N(Q11)(Qs2), —Si(Q13)(Q34)(Qs5). —B(Q36)(Qs7),

and —P(=0)(Q53)(Q30);

wherein Q, to Qy, Qy; t0 Q5. Q;; 10 Qyo, and Q;; 0 Qs
are each independently selected from hydrogen, deu-
terium, —F, —Cl, —Br, —I, a hydroxy! group, a cyano
group, a nitro group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl
group, a C,-Cq, alkenyl group, a C,-Cq, alkynyl group,
a C,-Cy, alkoxy group, a C,-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C5-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cqyy
aryl group, a C-Cy, aryl group substituted with at least
one of a C,-Cg, alkyl group and a C4-Cy, aryl group, a
CeCyo aryloxy group, a C,-Cy, arylthio group, a
C,-C¢, heteroaryl group, a C,-Cg, alkyl-heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group.

2. The organometallic compound of claim 1, wherein M
1s selected from Pt, Pd, and Au.

3. The organometallic compound of claim 1, wherein X,
and X, are each N, X, is C, and X is selected from O and
S.

4. The organometallic compound of claim 1, wherein
rings CY, to CY, are each independently selected from a
benzene group, a naphthalene group, an anthracene group, a
phenanthrene group, a triphenylene group, a pyrene group,
a chrysene group, a cyclopentadiene group, a 1,2,3,4-tetra-
hydronaphthalene group, a thiophene group, a furan group,
an indole group, a benzoborole group, a benzophosphole
group, an indene group, a benzosilole group, a benzoger-
mole group, a benzothiophene group, a benzoselenophene
group, a benzofuran group, a carbazole group, a dibenzo-
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borole group, a dibenzophosphole group, a fluorene group,
a dibenzosilole group, a dibenzogermole group, a dibenzo-
thiophene group, a dibenzoselenophene group, a dibenzo-
furan group, a dibenzothiophene 5-oxide group, a 9H-fluo-
rene-9-one group, a dibenzothiophene 5,5-dioxide group, an
azaindole group, an azabenzoborole group, an azabenzo-
phosphole group, an azaindene group, an azabenzosilole
group, an azabenzogermole group, an azabenzothiophene
group, an azabenzoselenophene group, an azabenzofuran
group, an azacarbazole group, an azadibenzoborole group,
an azadibenzophosphole group, an azafluorene group, an
azadibenzosilole group, an azadibenzogermole group, an
azadibenzothiophene group, an azadibenzoselenophene
group, an azadibenzofuran group, an azadibenzothiophene
5-oxide group, an aza-9H-fluoren-9-one group, an azadiben-
zothiophene 5,5-dioxide group, a pyridine group, a pyrimi-
dine group, a pyrazine group, a pyridazine group, a triazine
group, a quinoline group. an isoquinoline group, a quinoxa-
line group, a quinazoline group, a phenanthroline group, a
pyrrole group, a pyrazole group, an imidazole group, a
triazole group, an oxazole group, an isoxazole group, a
thiazole group, an isothiazole group, an oxadiazole group, a
thiadiazole group, a benzopyrazole group, a benzimidazole
group, a benzoxazole group, a benzothiazole group, a ben-
zoxadiazole group, a benzothiadiazole group, a 5,6,7,8-
tetrahydroisoquinoline group, and a 5,6,7,8-tetrahydroqui-
noline group.

5. The organometallic compound of claim 1, wherein T,
and T, are each a single bond, and T; is selected from
*7N[(L65)a65 (R65) —* *7C(R65)(R66)7*' *7SI(R65)
(Rgg)—*", *—S—*" and *0O—

6. The organometalhc compound of claim 1, wherein T,
is selected from *—C(R,)(Ree)—, *—Si(Re7)(Rge)—*',
and *—Ge(Rg7)(Rgg)—"*"

7. The organometallic compound of claim 1, wherein
cl=1, ¢2=0, ¢3=0, and c4=0;

¢1=0, ¢2=1, ¢3=0, and ¢4=0;

¢1=0, ¢2=0, ¢3=1, and ¢4=0;

c1=0, ¢2=0, ¢3=0, and c¢4=1; or

c1=0, ¢2=2, ¢3=0, and c4=0.

8. The organometallic compound of claim 1, wherein R
to Ry, Rsp, Rsy, Ryp 10 Ry, R, and R" are each indepen-
dently selected from

hydrogen, deuterium, —F, —CI, —Br, —I, a hydroxyl

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

amidino group, a hydrazine group, a hydrazone group,

a carboxylic acid group or a salt thereof, a sulfonic acid

group or a salt thereof, a phosphoric acid group or a salt

thereof, —SFs, a C,-C,, alkyl group, and a C,-C,,

alkoxy group;

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 car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, an adamantanyl group, a norbornanyl group, a
norbornenyl group, a cyclopentenyl group, a cyclohex-
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enyl group, a cycloheptenyl group, a phenyl group, a
biphenyl group, a naphthyl group, a pyridinyl group,
and a pyrimidiny! group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
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 biphenyl group, a C,-C,,
alkylphenyl group, a naphthyl group, a fluorenyl group,
a phenanthrenyl group, an anthracenyl group, a fluo-
ranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyrrolyl group, a thiophe-
nyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthrolinyl
group, a benzimidazolyl group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, a tri-
azolyl group, a tetrazolyl group, an oxadiazolyl group,
a triazinyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
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 biphenyl group, a C,-C,,
alkylphenyl group, a naphthyl group, a fluorenyl group,
a phenanthrenyl group, an anthracenyl group, a fluo-
ranthenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyrrolyl group, a thiophe-
nyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isoxazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthrolinyl
group, a benzimidazolyl group, a benzofuranyl group,
a benzothiophenyl group, an isobenzothiazolyl group, a
benzoxazolyl group, an isobenzoxazolyl group, a tri-
azolyl group, a tetrazolyl group, an oxadiazolyl group,
a triazinyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl 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 group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl
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group, an adamantanyl group, a norbornanyl group, a
norbornenyl group, a cyclopentenyl group, a cyclohex-
enyl group, a cycloheptenyl group, a phenyl group, a
biphenyl group, a C,-C, alkylphenyl group, a naphthyl
group, a fluorenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a
pytrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group,
an isothiazolyl group, an oxazolyl group, an isoxazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a purinyl group,
a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a
phenanthrolinyl group, a benzimidazolyl group, a ben-
zofuranyl group, a benzothiophenyl group, an isoben-
zothiazolyl group, a benzoxazolyl group, an isobenzo-
xazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, an imidazopyridinyl
group, and an imidazopyrimidinyl group; and

7N(Q1)(Q2)5 *Si(Qs)(Q4)(Q5)s 7B(Q6)(Q7)5 and
—P(=0)(Q:)(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 iso-propyl group, an n-butyl group,
an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl group, a sec-
pentyl group, a tert-pentyl group, a phenyl group, and
a naphthyl group; and

an n-propyl group, an iso-propyl group, an n-butyl group,
an iso-butyl group, a sec-butyl group, a tert-butyl
group, an n-pentyl group, an iso-pentyl group, a sec-
penty!l 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.

9. The organometallic compound of claim 1, wherein R
to Ry, Ry, Rso, Rgy t0 Reg, R, and R" are each indepen-
dently selected from hydrogen, deuterium, —F, a cyano
group, a nitro group, —SF;, —CH,;, —CD;, —CD,H,
—CDH,, —CF,, —CF,H, —CFH,, groups represented by
Formulae 9-1 to 9-19, and groups represented by Formulae
10-1 to 10-194:

9-1
*/\
9-2
*/\/
9-3
9.4
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wherein, in Formulae 9-1 to 9-19 and 10-1 to 10-194, *
indicates a binding site to an adjacent atom, “Ph”
represents a phenyl group, and “TMS” represents a

trimethylsilyl group.
10. The organometallic compound of claim 1, wherein a
moiety represented by

[ ~~.~Xl/
v QY ’i
Z1)e1 \"'I“' Eea *
Ry)ar \J\ i
| N
Riar | Ry
in Formula 1 is represented by any one selected from A
Formulae CY,-1 to CY,-15: Riz
Rig
" R
17 Ry
. CY1-1 Rig Ris
Ny
. | X e *
(Z1)e
- l//
Rial
CYl-2 Rpar
| \’f’/
1Zl)el ]
k/ \/N

CY1-3

CY1-4

CY1-5

CY1-6

CY1-7

CY1-8
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CY1-9 CY1-14

CY1-15
CY1-10

Z)e

wherein, in Formulae CY1-1 to CY1-15,

X,o 1s selected from C(R,g)(R,q), N(R;g), O, S, and
CY1-11 SiR, )R s),

Z, and R, are the same as those defined in claim 1,

R,, to Ry, are each the same as R, as defined in claim 1,
dl and el are each independently an integer from 0 to 2,
* indicates a binding site to M in Formula 1,

* indicates a binding site to T, in Formula 1 and

§

indicates a binding site to T, in Formula 1.

CY1-12
11. The organometallic compound of claim 1, wherein a
group represented by
(RZ)aZ
((ZYSRer
e
L e
ot
4K
CY1-13

in Formula 1 is selected from groups represented by For-
mulae CY2-1 to CY2-6:

CY2-1
Z2)e

N
AN
(Rz)él/

F1d
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wherein, in Formulae CY2-1 to CY2-6,
Z, and R, are the same as those defined in claim 1,

d2 and e2 are each independently an integer from 0 to 2,
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12. The organometallic compound of claim 1, wherein a
CY22 group represented by

CY2-3

in Formula 1 is selected from groups represented by For-
mulae CY3-1 to CY3-12:

CY2-4
CY3-1
o (Z3)e3

S
Y l R3)az
X3 W/

*t

CY3-2
o x e

CY25 YA
\( l R3)az
e X3\%

o (Z3)e3

P

CY3-3

CY2-6

\/%/ N
| —— Ry
o X3%

CY34
(Z3)ea

T
®

N

A
Y L(RB)dS
X \(N

CY3-5

* indicates a binding site to M in Formula 1,
* indicates a binding site to Ti in Formula 1,

* indicates a binding site to T, in Formula 1, and

$

indicates a binding site to T, in Formula 1.
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wherein, in Formulae CY3-1 to CY3-12,

X5o 1s selected from C(R55)(R55), N(Rsg), O, S, and
Si(Rs)(Rs0),

75 and R, are the same as those defined in claim 1,

R, and R, are each the same as R, as defined in claim
1,

d3 and €3 are each independently an integer from 0 to 2,
* indicates a binding site to M in Formula 1,
* indicates a binding site to T, in Formula 1, and

* indicates a binding site to T, in Formula 1.
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13. The organometallic compound of claim 1, wherein a
group represented by

cY, !

RS A
(Re)us

in Formula 1 is selected from groups represented by For-
mulae CY4-1 to CY4-26:
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-continued

NN

g TR R
Ly

wherein, in Formulae CY4-1 to CY4-26,

X,o 1s selected from C(R,5)(Ruq), N(R,g), O, S, and
SIR )R 4o).

7, and R, are the same as those defined in claim 1,

R,, to R,, are each the same as R, as defined in claim 1,

d4 and e4 are each independently an integer from 0 to 2,

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

* indicates a binding site to T; in Formula 1.

14. The organometallic compound of claim 1, wherein a

CY4-26

group represented by

Yy i

S N2
(R4)a4

in Formula 1 is represented by Formula CY4(1):

CY4(1)

Y

N X

k/_K(R‘l)d‘b
S 2,

wherein, in Formula CY (1),

7, and R, are the same as those defined in claim 1,
d4 is an integer from 0 to 2,

* indicates a binding site to M in Formula 1, and
* indicates a binding site to T5 in Formula 1.

15. The organometallic compound of claim 1, selected
from Compounds 1 to 40:
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40

16. 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, the organic layer comprising an
emission layer and at least one organometallic com-
pound of claim 1.

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

the first electrode is an anode,

the second electrode is a cathode, and

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 a hole injec-

tion layer, a hole transport layer, an electron blocking
layer, or any combination thereof, and

the electron transport region comprises a hole blocking

layer, an electron transport layer, an electron injection
layer, or any combination thereof.

18. The organic light-emitting device of claim 16, wherein
the emission layer comprises the at least one organometallic
compound.

19. The organic light-emitting device of claim 18, wherein
the emission layer further comprises a host in an amount of
greater than an amount of the organometallic compound.

20. A diagnostic composition comprising at least one
organometallic compound of claim 1.
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