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Description
FIELD OF THE INVENTION
[0001] The present disclosure relates to a light-emitting device and an electronic apparatus including the same.
BACKGROUND OF THE INVENTION

[0002] From among light-emitting devices, organic light-emitting devices are self-emissive devices, which have im-
proved characteristics in terms of viewing angles, response time, luminance, driving voltage, and response speed, and
produce full-color images.

[0003] In an example, an organic light-emitting device includes an anode, a cathode, and an organic layer arranged
between the anode and the cathode, wherein the organic layer includes an emission layer. A hole transport region may
be arranged between the anode and the emission layer, and an electron transport region may be arranged 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
transition from an excited state to a ground state, thereby generating light.

SUMMARY OF THE INVENTION

[0004] Provided are a light-emitting device having excellent luminescence efficiency and lifespan characteristics at
the same time and an apparatus including the light-emitting device.

[0005] Additional aspects will be set forth in part in the description which follows and, in part, will be apparent from
the description, or may be learned by practice of the presented embodiments of the disclosure.

[0006] According to an aspect of an embodiment, a light-emitting device includes:

a first electrode;

a second electrode;

an emission layer arranged between the first electrode and the second electrode; and
a buffer layer arranged between the first electrode and the emission layer,

wherein the buffer layer is in direct contact with the emission layer,

the emission layer includes a first compound represented by Formula 1, and

the buffer layer includes a second compound represented by Formula 5:

Formula 1 M(L1)n1(L2)n2-

[0007] In Formula 1,

M is a transition metal,

L, is a ligand represented by Formula 2A,

L, is a ligand represented by Formula 2B,

n1 and n2 are each independently be 1 or 2, wherein, when n1 is 2, two of L4(s) are identical to or different from
each other, and when n2 is 2, two of L,(s) are identical to or different from each other,

the sum of n1 and n2 is 2 or 3, and

L, and L, are different from each other,
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Formula 2A Formula 2B
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in Formulae 2A, 2B, and 5,

Y4isCorN,

X4 is Sior Ge,

X318 O, S, S(=0), N(Z59), C(Z29)(Z30). or Si(Z39)(Z30),

T, to T, are each independently C, N, a carbon atom bonded to ring CY, or a carbon atom bonded to M in Formula
1, wherein one of T, to T, may be a carbon atom bonded to M in Formula 1, and one of the remaining T to T, that
is not bonded to M may be a carbon atom bonded to ring CY4,

Tg to Tg are each independently C or N,

ring CY, and ring CY 44 are each independently a C5-C3 carbocyclic group or a C4-C3 heterocyclic group,

Ar, are each aring CY, unsubstituted or substituted with at least one Z,, wherein ring CY, is an unsaturated C5-C,,
carbocyclic group or an unsaturated C4-C5 heterocyclic group,

Ls4 and Lgq are each independently a C5-C3( carbocyclic group unsubstituted or substituted with at least one Ry,
or a C4-C3q heterocyclic group unsubstituted or substituted with at least one R4,

R,1 to R,3 are each independently a C4-Cg alkyl group or a Cg-Cgq aryl group, each unsubstituted or substituted
with deuterium, -F, -Cl, -Br, -I, -CD5, -CD,H, -CDH,, -CF3, -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 C4-C, alkyl group, a
C,5-C4 cycloalkyl group, a phenyl group, or any combination thereof,

Zy, 24, Zy, 259, Z3p, Ryq 10 Ry4, Rs4, Rgq, and Ry4 to R5 are each independently hydrogen, deuterium, -F, -Cl, -Br,
-1, -SFs, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted C,-Cg, alkyl group, a substituted or unsubstituted C,-Cg
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alkenyl group, a substituted or unsubstituted C,-Cg, alkynyl group, a substituted or unsubstituted C4-Cg alkoxy
group, a substituted or unsubstituted C4-Cg alkylthio group, a substituted or unsubstituted C5-C cycloalkyl group,
a substituted or unsubstituted C4-C4y heterocycloalkyl group, a substituted or unsubstituted C5-C4, cycloalkenyl
group, a substituted or unsubstituted C,-C4, heterocycloalkenyl group, a substituted or unsubstituted Cg-Cg aryl
group, a substituted or unsubstituted Cg-Cg aryloxy group, a substituted or unsubstituted Cg-Cg arylthio group, a
substituted or unsubstituted C,-Cg heteroaryl group, a substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, a substituted or unsubstituted monovalent non-aromatic condensed heteropolycyclic group,
- N(Q)(Qy), -Si(Q3)(Q4)(Qs5), -Ge(Q3)(Q4)(Qs), -B(Qe)(Qy), -P(=0)(Qg)(Qg), or - P(Qg)(Qo),

d2, €51, and e61 are each independently an integer from 1 to 6, wherein, when d2 is 2 or more, two or more of
Ary(s) are identical to or different from each other, when €51 is 2 or more, two or more of Lg4(s) are identical to or
different from each other, and when €61 is 2 or more, two or more of Lg(s) are identical to or different from each other,
a1l and b1 are each independently an integer from 0 to 20, wherein, when a1 is 2 or more, two or more of Z(s) are
identical to or different from each other, and when b1 is 2 or more, two or more of R,4(s) are identical to or different
from each other,

a2 is an integer from 0 to 5, wherein, when a2 is 2 or more, two or more of Z5(s) are identical to or different from
each other,

a73is an integer from 0 to 7, wherein, when a73 is 2 or more, two or more of R;5(s) are identical to or different from
each other,

a71is an integer from 0 to 4, wherein, when a71 is 2 or more, two or more of R;(s) are identical to or different from
each other,

each of: i) two or more of Ry4 to Rygs; ii) two or more of a plurality of Z(s); iii) two or more of a plurality of Z,(s); iv)
R12 and Ry3; v) two or more of a plurality of Ry4(s); and vi) two or more of 2, Z,, Z5, Z5g, Z33, and R4 to Ry, may
optionally be linked together to form a C5-Cs, carbocyclic group unsubstituted or substituted with at least one R4,
or a C4-C3q heterocyclic group unsubstituted or substituted with at least one Ry,

R104 is the same as described in connection with R4y,

*and * in Formulae 2A and 2B each indicate a binding site to M in Formula 1,

at least one substituent of the substituted C4-Cgq alkyl group, the substituted C,-Cgq alkenyl group, the substituted
C,-Cgp alkynyl group, the substituted C4-Cg alkoxy group, the substituted C4-Cgq alkylthio group, the substituted
C5-C, cycloalkyl group, the substituted C4-C, heterocycloalkyl group, the substituted C5-C, cycloalkenyl group,
the substituted C,-C,, heterocycloalkenyl group, the substituted Cg-Cg aryl group, the substituted Cg-Cg aryloxy
group, the substituted C4-Cg arylthio group, the substituted C4-Cgq heteroaryl group, the substituted monovalent
non-aromatic condensed polycyclic group, and the substituted monovalent non-aromatic condensed heteropolycyclic
group is:

deuterium, -F, -Cl, -Br, -I, -CD3, -CD,H, -CDH,, -CF5, -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 C4-Cg alkyl group, a C,-Cg
alkenyl group, a C,-Cgq alkynyl group, a C4-Cgq alkoxy group, or a C4-Cg alkylthio group;

a C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C»-Cgq alkynyl group, a C4-Cgq alkoxy group, or a C4-Cg alkylthio
group, each substituted with deuterium, -F, -Cl, -Br, -1, -CD3, -CD,H, -CDH,, -CF3, -CF5H, -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 C5-C,
cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C,-C, heterocycloalkenyl group,
a C4-Cg( aryl group, a C4-Cgq aryloxy group, a C4-Cg arylthio group, a C4-Cg heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group, -N(Q41)(Q12),
- Si(Q13)(Q14)(Q15), -Ge(Q43)(Q14)(Q15), -B(Q16)(Q17), -P(=0)(Q13)(Q19), -P(Q13)(Q49), or any combination thereof;
a C3-C4q cycloalkyl group, a C4-C4g heterocycloalkyl group, a C3-C 4 cycloalkenyl group, a C,-C4 g heterocycloalkenyl
group, a C4-Cgq aryl group, a Cg-Cgq aryloxy group, a Cg-Cgq arylthio group, a C4-Cgq heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, or a monovalent non-aromatic condensed heteropolycyclic group, each
unsubstituted or substituted with deuterium, -F, -Cl, -Br, -I, -CD3, -CD,H, -CDH,, -CF3, -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 C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C,-Cgq alkynyl group, a C4-Cgq alkoxy group, a C4-Cg
alkylthio group, a C5-C4q cycloalkyl group, a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl group, a C,-C
heterocycloalkenyl group, a C4-Cgq aryl group, a Cg-Cg aryloxy group, a Cg-Cg arylthio group, a C4-Cg heteroaryl
group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropol-
yeyclic  group, -N(Q2¢)(Qgp), -Si(Qp3)(Q4)(Qgs), -Ge(Qp3)(Q24)(Qgs), - B(Q26)(Q27), -P(=0)(Qzg)(Qa9),
-P(Q23)(Q,g), or any combination thereof;

-N(Q31)(Q32), -Si(Q33)(Q34)(Q35), -Ge(Q33)(Q34)(Qs5), -B(Q36)(Qs7), - P(=0)(Q38)(Q3g) or -P(Q33)(Qsg); Or
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any combination thereof, and

Q4 to Qg, Q41 to Qqg, Qy¢ to Qyg, and Q34 to Qg9 are each independently: hydrogen; deuterium; -F; -Cl; -Br; -I; a
hydroxyl group; a cyano group; a nitro group; an amino group; an amidino group; a hydrazine group; a hydrazone
group; a carboxylic acid group or a salt thereof; a sulfonic acid group or a salt thereof; a phosphoric acid group or
a salt thereof; a C4-Cg alkyl group unsubstituted or substituted with deuterium, a C4-Cg alkyl group, a C4-Cg aryl
group, or any combination thereof; a C,-Cg alkenyl group; a C,-Cg alkynyl group; a C4-Cg alkoxy group; a C4-Cg
alkylthio group; a C5-C4q cycloalkyl group; a C4-C, heterocycloalkyl group; a C5-C, cycloalkenyl group; a C,-Cy
heterocycloalkenyl group; a Cg-Cgq aryl group unsubstituted or substituted with deuterium, a C4-Cgg alkyl group, a
Cg-Cgp aryl group, or any combination thereof; a C4-Cgq aryloxy group; a Cg-Cgq arylthio group; a C4-Cgq heteroaryl
group; a monovalent non-aromatic condensed polycyclic group; or a monovalent non-aromatic condensed heter-
opolycyclic group.

[0008] According to an aspect of another embodiment, an electronic apparatus includes the light-emitting device.
BRIEF DESCRIPTION OF THE DRAWING

[0009] The above and other aspects, features, and advantages of certain embodiments of the disclosure will be more
apparent from the following description taken in conjunction with FIGURE which shows a schematic cross-sectional
view of a light-emitting device according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] Reference will now be made in detail to embodiments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like elements throughout. In this regard, the present embodiments
may have different forms and should not be construed as being limited to the descriptions set forth herein. Accordingly,
the embodiments are merely described below, by referring to the figures, to explain aspects. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed items. Expressions such as "at least
one of," when preceding a list of elements, modify the entire list of elements and do not modify the individual elements
of the list.

[0011] It will be understood that when an element is referred to as being "on" another element, it can be directly on
the other element or intervening elements may be present therebetween. In contrast, when an element is referred to as
being "directly on" another element, there are no intervening elements present

[0012] It willbe understood that, although the terms "first," "second," "third" etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only used to distinguish one element, component, region, layer
or section from another element, component, region, layer or section. Thus, "a first element," "component,” "region,"
"layer" or "section" discussed below could be termed a second element, component, region, layer or section without
departing from the teachings herein.

[0013] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting. As used herein, "a," "an," "the," and "at least one" do not denote a limitation of quantity, and are intended
to cover both the singular and plural, unless the context clearly indicates otherwise. For example, "an element" has the
same meaning as "at least one element," unless the context clearly indicates otherwise.

[0014] "Or" means "and/or." As used herein, the term "and/or" includes any and all combinations of one or more of
the associated listed items. It will be further understood that the terms "comprises" and/or "comprising," or "includes"
and/or "including" when used in this specification, specify the presence of stated features, regions, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition of one or more other features,
regions, integers, steps, operations, elements, components, and/or groups thereof.

[0015] Furthermore, relative terms, such as "lower" or "bottom" and "upper" or "top," may be used herein to describe
one element’s relationship to another element as illustrated in the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over, elements described as being on the "lower" side of other
elements would then be oriented on "upper" sides of the other elements. The exemplary term "lower," can therefore,
encompasses both an orientation of "lower" and "upper," depending on the particular orientation of the figure. Similarly,
if the device in one of the figures is turned over, elements described as "below" or "beneath" other elements would then
be oriented "above" the other elements. The exemplary terms "below" or "beneath" can, therefore, encompass both an
orientation of above and below.

[0016] "About" or "approximately" as used herein is inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by one of ordinary skill in the art, considering the measurement
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in question and the error associated with measurement of the particular quantity (i.e., the limitations of the measurement
system). For example, "about" can mean within one or more standard deviations, or within = 30%, 20%, 10% or 5% of
the stated value.

[0017] Unlessotherwise defined, allterms (including technical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and the present disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.

[0018] Exemplary embodiments are described herein with reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a region illustrated or described as flat may, typically, have rough
and/or nonlinear features. Moreover, sharp angles that are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

[0019] A light-emitting device according to an embodiment of the present disclosure may include: a first electrode; a
second electrode; an emission layer arranged between the first electrode and the second electrode; and a buffer layer
arranged between the first electrode and the emission layer.

[0020] In an embodiment, the first electrode may be an anode (a hole injection electrode), and the second electrode
may be a cathode (an electron injection electrode).

[0021] The buffer layer may be in direct contact with the emission layer. For example, an additional layer may not be
arranged between the buffer layer and the emission layer.

[0022] The emission layer may include a first compound represented by Formula 1, and the buffer layer may include
a second compound represented by Formula 5:

Formula 1 M(L4)n1(L2)n2
Formula 5
(R71)a71
/@/I\
(Ls1)esi—Rsq
D\ A
R72\N/(/’_\\ N/

(Le1)est

(R73)a73

wherein, in Formula 1, M may be a transition metal.

[0023] For example, M may be a Period 1 transition metal, a Period 2 transition metal, or a Period 3 transition metal.
[0024] In one or more embodiments, M may be iridium (Ir), platinum (Pt), osmium (Os), titanium (Ti), zirconium (Zr),
hafnium (Hf), europium (Eu), terbium (Tb), thulium (Tm), or rhodium (Rh).

[0025] In an embodiment, M may be Ir, Pt, Os, or Rh.

[0026] L,in Formula 1 may be aligand represented by Formula 2A, and n1 in Formula 1 indicates the number of L4(s)
in Formula 1 and may be 1 or 2. When n1 is 2, two of L4(s) may be identical to or different from each other.

[0027] L,inFormula 1 may be aligand represented by Formula 2B, and n2 in Formula 1 indicates the number of Ly(s)
in Formula 1 and may be 1 or 2. When n2 is 2, two of L,(s) may be identical to or different from each other.
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Formula 2A Formula 2B
R21\T2jR23
X4
...... Rq1 N Rqz
Zg—— V1 |
.. -""N\* :I/N g fs

\Te;‘-" /N ! (Arz)qz \
Ts Ty 3 (R14)p1

et
X214 N
Ta - Y4 .',
epa—sen v

[0028] Formulae 2A and 2B will be described in detail later.

[0029] The sum of n1 and n2 in Formula 1 may be 2 or 3.

[0030] L,andL,in Formula 1 may be different from each other. That is, the first compound represented by Formula
1 may be a heteroleptic complex.

[0031] In an embodiment, M may be Ir, and the sum of n1 and n2 may be 3; or M may be Pt, and the sum of n1 and
n2 may be 2.

[0032] Inone ormore embodiments, Mmay be Ir,and i) n1 may be 1 and n2 may be 2; orii)n1 may be 2 and n2 may be 1.
[0033] Y, in Formula 2B may be C or N.

[0034] For example, Y, in Formula 2B may be C.

[0035] X, in Formula 2B may be Si or Ge.

[0036] In an embodiment, X in Formula 2B may be Si.

[0037] In one or more embodiments, in Formula 2B, X; may be Si, and Ry, may not be hydrogen, or R4, may not be
hydrogen or a methyl group.

[0038] In one or more embodiments, in Formula 2B, X4 may be Si, and R4, may be - CD5, -CD,H, or -CDH,.

[0039] In one or more embodiments, in Formula 2B, X, may be Si, and the number of carbon atoms included in Ry,
may be 2 or more.

[0040] In one or more embodiments, X4 in Formula 2B may be Ge.

[0041] In one or more embodiments, in Formula 2B, X, may be Ge, and Ry, may not be hydrogen, or R4, may not be
hydrogen or a methyl group.

[0042] In one or more embodiments, in Formula 2B, X; may be Ge, and Ry, may be - CD5, -CD,H, or -CDH,.
[0043] In one or more embodiments, in Formula 2B, X; may be Ge, and the number of carbon atoms included in Ry,
may be 2 or more.

[0044] X5, in Formula 2A may be O, S, S(=0), N(Zyg), C(Z59)(Z3q), or Si(Zo9)(Z3g). Zog and Z5, are respectively the
same as those described herein.

[0045] For example, X,4 in Formula 2A may be O or S.

[0046] In Formula 2A, T, to T, may each independently be C, N, a carbon atom bonded to ring CY 4, or a carbon atom
bonded to M in Formula 1, one of T, to T, may be a carbon atom bonded to M in Formula 1, one of the remaining T, to
T, that are not bonded to M may be a carbon atom bonded to ring CY 4, and T to Tg may each independently be C or N.
[0047] In an embodiment, the number of N(s) among T, to Tg in Formula 2A may be 0, 1, 2, or 3.

[0048] In one or more embodiments, the number of N(s) among T4 to Tg in Formula 2A may be 0.

[0049] In one or more embodiments, Tg in Formula 2A may be N.

[0050] Ring CY, and ring CY,, in Formulae 2A and 2B may each independently be a C5-C5, carbocyclic group or a
C-Cj3q heterocyclic group, Ar, in Formula 2A may be ring CY, unsubstituted or substituted with at least one Z;, and
ring CY, may be an unsaturated C5-C5 carbocyclic group or an unsaturated C4-C5, heterocyclic group. Z; is the same
as Z, described herein.

[0051] In an embodiment, ring CY, and ring CY,, in Formulae 2A and 2B may each independently be a cyclopentane
group, a cyclohexane group, a cycloheptane group, a cyclopentene group, a cyclohexene group, a cycloheptene group,
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-tetrahydronaphthalene group, a thiophene group, a furan
group, a borole group, a phosphole group, a silole group, a germole group, a selenophene group, an indole group, a
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benzoborole group, a benzophosphole group, an indene group, a benzosilole group, a benzogermole group, a benzo-
thiophene 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
dibenzoselenophene group, a dibenzofuran group, a dibenzothiophene 5-oxide group, a 9H-fluoren-9-one group, a
dibenzothiophene 5,5-dioxide group, an azaindole group, an azabenzoborole group, an azabenzophosphole group, an
azaindene group, an azabenzosilole group, an azabenzogermole group, an azabenzothiophene group, an azabenzose-
lenophene group, an azabenzofuran group, an azacarbazole group, an azadibenzoborole group, an azadibenzophos-
phole 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 azadibenzothiophene 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 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, a ben-
zothiadiazole group, a 5,6,7,8-tetrahydroisoquinoline group, a 5,6,7,8-tetrahydroquinoline group, an adamantane group,
a norbornane group, or a norbornene group.

[0052] In one or more embodiments, ring CY, and ring CY,, may each independently be a benzene group, a naph-
thalene group, a 1 ,2,3,4-tetrahydronaphthalene group, a phenanthrene group, a pyridine group, a pyrimidine group, a
pyrazine group, a triazine group, a benzofuran group, a benzothiophene group, a fluorene group, a carbazole group, a
dibenzofuran group, a dibenzothiophene group, a dibenzosilole group, an azafluorene group, an azacarbazole group,
an azadibenzofuran group, an azadibenzothiophene group, or an azadibenzosilole group.

[0053] Inoneor more embodiments, ring CY ¢ in Formula 2A may be a pyridine group, a 5,6,7,8-tetrahydroisoquinoline
group, or a 5,6,7,8-tetrahydroquinoline group.

[0054] In one or more embodiments, ring CY,, in Formula 2B may be a benzene group, a naphthalene group, a
1,2,3,4-tetrahydronaphthalene group, a phenanthrene group, a dibenzothiophene group, a dibenzofuran group, or a
pyridine group.

[0055] In one or more embodiments, ring CY, may be 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-
tetrahydronaphthalene group, a thiophene group, a furan group, a borole group, a phosphole group, a silole group, a
germole group, a selenophene group, 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 diben-
zogermole group, a dibenzothiophene group, a dibenzoselenophene group, a dibenzofuran group, a dibenzothiophene
5-oxide group, a 9H-fluoren-9-one group, a dibenzothiophene 5,5-dioxide group, an azaindole group, an azabenzoborole
group, an azabenzophosphole group, an azaindene group, an azabenzosilole group, an azabenzogermole group, an
azabenzothiophene group, an azabenzoselenophene group, an azabenzofuran group, an azacarbazole group, an aza-
dibenzoborole group, an azadibenzophosphole group, an azafluorene group, an azadibenzosilole group, an azadiben-
zogermole group, an azadibenzothiophene group, an azadibenzoselenophene group, an azadibenzofuran group, an
azadibenzothiophene 5-oxide group, an aza-9H-fluoren-9-one group, an azadibenzothiophene 5,5-dioxide group, a
pyridine group, a pyrimidine group, a pyrazine group, a pyridazine group, a triazine group, a quinoline group, an isoqui-
noline 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 benzimidazole group, a benzoxazole group, a benzo-
thiazole group, a benzoxadiazole group, a benzothiadiazole group, a 5,6,7,8-tetrahydroisoquinoline group, or a 5,6,7,8-
tetrahydroquinoline group.

[0056] Ls4 and Lgq in Formula 5 may each independently be a C5-C5, carbocyclic group unsubstituted or substituted
with at least one R, or a C4-C3, heterocyclic group unsubstituted or substituted with at least one Ry,.

[0057] Forexample, Lg; and Lg4 in Formula 5 may each independently be a benzene group, a naphthalene group, an
anthracene group, a phenanthrene group, a triphenylene group, a pyrene group, a chrysene group, a thiophene group,
a furan group, a borole group, a silole group, an indole group, a benzoborole group, an indene group, a benzosilole
group, a benzothiophene group, a benzofuran group, a carbazole group, a dibenzoborole group, a fluorene group, a
dibenzosilole group, a dibenzothiophene group, a dibenzofuran group, a pyridine group, a naphthobenzofuran group, a
naphthobenzothiophene group, a dinaphthofuran group, a dinaphthothiophene group, a spirobifluorene group, a ben-
zofluorene group, or a dibenzofluorene group, each unsubstituted or substituted with at least one R,.

[0058] R,q to Rz in Formula 2B may each independently be a C4-Cgq alkyl group or a Cg-Cgq aryl group, each
unsubstituted or substituted with deuterium, -F, -Cl, -Br, -I, - CD5, -CD,H, -CDH,, -CF3, -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 C4-Cy
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alkyl group, a C5-C, cycloalkyl group, a phenyl group, or any combination thereof.

[0059] Forexample, R,q to Rysin Formula 2B may each independently be a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl group, a tert-butyl group, an n-pentyl group,
a tert-pentyl group, a neopentyl group, an isopentyl group, a sec-pentyl group, a 3-pentyl group, a sec-isopentyl group,
an n-hexyl group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, an n-heptyl group, an isoheptyl group, a sec-
heptyl group, a tert-heptyl group, an n-octyl group, an isooctyl group, a sec-octyl group, a tert-octyl group, an n-nonyl
group, an isononyl group, a sec-nonyl group, a tert-nonyl group, an n-decyl group, an isodecyl group, a sec-decyl group,
atert-decyl group, a phenyl group, a biphenyl group, or a naphthyl group, each unsubstituted or substituted with deuterium,
-F, -Cl, -Br, -1, -CD3, -CD,H, -CDH,, -CF3, -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 C4-C, alkyl group, a C5-C, cycloalkyl group,
a phenyl group, or any combination thereof.

[0060] Inanembodiment, R, to Ry3in Formula 2B may each independently be -CH3, -CH,CH,, -CD3, -CD,H, -CDH,,
-CH,CD3, or -CD,CHjs.

[0061] In one or more embodiments, R, to Ry3 in Formula 2B may be identical to each other.

[0062] In one or more embodiments, two or more of Ry4 to Rys in Formula 2B may be different from each other.
[0063] Z,, Z4, Z5, Zog, Z39, Ry t0 Ry4, Rs4, Rgy, @and R,y to R45 in Formulae 2A, 2B, and 5 may each independently
be hydrogen, deuterium, -F, -Cl, -Br, -1, -SF 5, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a substituted or unsubstituted C4-Cg alkyl group, a substituted or
unsubstituted C,-Cg alkenyl group, a substituted or unsubstituted C,-Cgq alkynyl group, a substituted or unsubstituted
C4-Cgp alkoxy group, a substituted or unsubstituted C4-Cgq alkylthio group, a substituted or unsubstituted C3-C4, cy-
cloalkyl group, a substituted or unsubstituted C4-C4, heterocycloalkyl group, a substituted or unsubstituted C5-C,,
cycloalkenyl group, a substituted or unsubstituted C,-C, heterocycloalkenyl group, a substituted or unsubstituted C¢-Cg
aryl group, a substituted or unsubstituted Cg-Cgq aryloxy group, a substituted or unsubstituted Cg-Cg arylthio group, a
substituted or unsubstituted C-Cgq heteroaryl group, a substituted or unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted monovalent non-aromatic condensed heteropolycyclic group, -N(Q4)(Q,),
-Si(Q3)(Q4)(Qs5), -Ge(Q3)(Q4)(Q5), - B(Qe)(Q7), -P(=0)(Qg)(Qq), or -P(Qg)(Qg). Q4 to Qg are respectively the same as
those described herein.

[0064] d2, e51, and e61 in Formulae 2A and 5 indicate the numbers of Ary(s), Ls4(s), and Lg,(s), respectively, and
may each independently be an integer from 1 to 6. When d2 is 2 or more, two or more of Ar,(s) may be identical to or
different from each other, when e51 is 2 or more, two or more of Ls4(s) may be identical to or different from each other,
and when e61 is 2 or more, two or more of Lg4(s) may be identical to or different from each other. For example, d2, e51,
and e61 may each independently be 1, 2, or 3. In an embodiment, d2, e51, and e61 may each independently be 1 or 2.
[0065] a1 and b1 in Formulae 2A and 2B indicate the numbers of Z,(s) and Ry,(s), respectively, and may each
independently be an integer from 0 to 20. When a1 is 2 or more, two or more of Z,(s) may be identical to or different
from each other, and when b1 is 2 or more, two or more of R44(s) may be identical to or different from each other. For
example, a1 and b1 may each independently be an integer from 0 to 10.

[0066] a2 in Formula 2A indicates the number of Z,(s), and may be an integer from 0 to 5. When a2 is 2 or more, two
or more of Z,(s) may be identical to or different from each other. For example, a2 may be 0, 1, 2, or 3.

[0067] a73in Formula 5 indicates the numbers of R,5(s), and may be an integer from 0 to 7. When a73 is 2 or more,
two or more of R;5(s) may be identical to or different from each other. a73 may be 0, 1, or 2.

[0068] a71 in Formula 5 indicates the number of R,4(s), and may be an integer from 0 to 4. When a71 is 2 or more,
two or more of R;4(s) may be identical to or different from each other.

[0069] In an embodiment, Z, in Formula 2A and R4 to R43 in Formula 2B may each independently be:

hydrogen, deuterium, -F, or a cyano group;

a C,-C, alkyl group unsubstituted or substituted with deuterium, -F, a cyano group, a C5-C, cycloalkyl group, a
deuterated C3-C, cycloalkyl group, a fluorinated C5-C 4, cycloalkyl group, a (C4-Cyq alkyl)C3-C4q cycloalkyl group,
a C4-C4¢ heterocycloalkyl group, a deuterated C4-C heterocycloalkyl group, a fluorinated C4-C, heterocycloalkyl
group, a (C4-Cyq alkyl)C4-C4o heterocycloalkyl group, a phenyl group, a deuterated phenyl group, a fluorinated
phenyl group, a (C4-Cyq alkyl)phenyl group, a biphenyl group, a deuterated biphenyl group, a fluorinated biphenyl
group, a (C4-C,q alkyl)biphenyl group, or any combination thereof; or

a C5-C,( cycloalkyl group, a C4-C, heterocycloalkyl group, a phenyl group, or a biphenyl group, each unsubstituted
or substituted with deuterium, -F, a cyano group, a C4-C,q alkyl group, a deuterated C-C, alkyl group, a fluorinated
C4-Cy alkyl group, a C4-C,q alkoxy group, a deuterated C4-C,, alkoxy group, a fluorinated C4-C, alkoxy group, a
C5-Cy cycloalkyl group, a deuterated C5-C4, cycloalkyl group, a fluorinated C5-C4q cycloalkyl group, a (C4-Cyq
alkyl)C3-C,q cycloalkyl group, a C4-C, heterocycloalkyl group, a deuterated C4-C 4 heterocycloalkyl group, a fluor-
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inated C4-C,, heterocycloalkyl group, a (C4-C, alkyl)C,-C,, heterocycloalkyl group, a phenyl group, a deuterated
phenyl group, a fluorinated phenyl group, a (C4-C,q alkyl)phenyl group, a biphenyl group, a deuterated biphenyl
group, a fluorinated biphenyl group, a (C4-C5q alkyl)biphenyl group, or any combination thereof.

[0070] In one or more embodiments, Z; in Formula 2A and R, to Ry5 in Formula 2B may each independently be:

hydrogen or deuterium;

a C4-Cyq alkyl group unsubstituted or substituted with deuterium, a C5-C, cycloalkyl group, a deuterated C3-C,
cycloalkyl group, a (C4-Cyq alkyl)C3-C4q cycloalkyl group, a C4-C4q heterocycloalkyl group, a deuterated C4-C,,
heterocycloalkyl group, a (C4-C,q alkyl)C4-C 4 heterocycloalkyl group, a phenyl group, a deuterated phenyl group,
a (C4-Cyq alkyl)phenyl group, a biphenyl group, a deuterated biphenyl group, a (C4-C, alkyl)biphenyl group, or any
combination thereof; or

a C5-C,( cycloalkyl group, a C4-C, heterocycloalkyl group, a phenyl group, or a biphenyl group, each unsubstituted
or substituted with deuterium, -F, a cyano group, a C4-C,q alkyl group, a deuterated C4-C,q alkyl group, a C4-Cy
alkoxy group, a deuterated C4-C,q alkoxy group, a C5-C4, cycloalkyl group, a deuterated C5-C cycloalkyl group,
a (C4-Cyq alkyl)C5-C4q cycloalkyl group, a C4-C4q heterocycloalkyl group, a deuterated C,-C,, heterocycloalkyl
group, a(C4-C,qalkyl)C4-C4 4 heterocycloalkyl group, a phenyl group, a deuterated phenyl group, a (C4-C,q alkyl)phe-
nyl group, a biphenyl group, a deuterated biphenyl group, a (C4-C,q alkyl)biphenyl group, or any combination thereof.

[0071] In one or more embodiments, Zy and Z, in Formula 2A and R4, in Formula 2B may each independently be:

hydrogen, deuterium, -F, or a cyano group;

a C,-C, alkyl group unsubstituted or substituted with deuterium, -F, a cyano group, a C5-C, cycloalkyl group, a
deuterated C5-C,( cycloalkyl group, a fluorinated C5-C, cycloalkyl group, a (C4-C, alkyl)C5-C,, cycloalkyl group,
a C4-C4¢ heterocycloalkyl group, a deuterated C4-C heterocycloalkyl group, a fluorinated C4-C, heterocycloalkyl
group, a (C4-Cyq alkyl)C4-C4o heterocycloalkyl group, a phenyl group, a deuterated phenyl group, a fluorinated
phenyl group, a (C4-Cyq alkyl)phenyl group, a biphenyl group, a deuterated biphenyl group, a fluorinated biphenyl
group, a (C4-C,q alkyl)biphenyl group, or any combination thereof;

a C5-C,( cycloalkyl group, a C4-C, heterocycloalkyl group, a phenyl group, or a biphenyl group, each unsubstituted
or substituted with deuterium, -F, a cyano group, a C4-C, alkyl group, a deuterated C4-C, alkyl group, a fluorinated
C4-Cy alkyl group, a C4-C,q alkoxy group, a deuterated C4-C,, alkoxy group, a fluorinated C4-C, alkoxy group, a
C5-Cy cycloalkyl group, a deuterated C5-C4, cycloalkyl group, a fluorinated C5-C4q cycloalkyl group, a (C4-Cyq
alkyl)C3-C,q cycloalkyl group, a C4-C, heterocycloalkyl group, a deuterated C4-Cq heterocycloalkyl group, a fluor-
inated C4-Cq heterocycloalkyl group, a (C4-C,q alkyl)C4-C o heterocycloalkyl group, a phenyl group, a deuterated
phenyl group, a fluorinated phenyl group, a (C4-C,q alkyl)phenyl group, a biphenyl group, a deuterated biphenyl
group, a fluorinated biphenyl group, a (C4-C, alkyl)biphenyl group, or any combination thereof; or
-Si(Q3)(Q4)(Qs5) or -Ge(Q3)(Q4)(Qs)-

[0072] In one or more embodiments, R4, in Formula 2B may be hydrogen or a methyl group.

[0073] Inoneor more embodiments, Ry, in Formula 2B may be a deuterated methyl group (for example, -CD5, -CD,H,
or -CDH,).

[0074] In one or more embodiments, the number of carbon atoms included in Ry, in Formula 2B may be 2 or more.
[0075] In one or more embodiments, R4, in Formula 2B may be:

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

a methyl group or a methoxy group, each substituted with a C5-C, cycloalkyl group, a C4-C,q heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C, heterocycloalkenyl group, a C¢-C,44 aryl group, a C4-C,4, heteroaryl
group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropol-
ycyclic group, or any combination thereof;

a C,-C, alkyl group or a C»-C, alkoxy group, each substituted with deuterium, -F, -Cl, -Br, -I, -CD3, -CD,H, -CDH,,
-CF3, -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 C4-C,, alkyl group, a C4-C,, alkoxy group, a C5-C,, cycloalkyl group, a C4-C,,
heterocycloalkyl group, a C5-C,q cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a C4-C,,4 aryl group, a
C4-C44 heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, or any combination thereof; or

a C3-C4q cycloalkyl group, a C4-C4g heterocycloalkyl group, a C3-C 4 cycloalkenyl group, a C,-C4 g heterocycloalkenyl
group, a Cg-C44 aryl group, a C4-C44 heteroaryl group, a monovalent non-aromatic condensed polycyclic group, or
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a monovalent non-aromatic condensed heteropolycyclic group, each unsubstituted or substituted with deuterium,
-F, -Cl, -Br, -1, -CD3, -CD,H, -CDH,, -CF5, -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 C4-C5q alkyl group, a C4-C, alkoxy group,
aC5;-C,cycloalkylgroup, aC4-C, heterocycloalkyl group, a C5-C 4, cycloalkenyl group, a C,-C, heterocycloalkenyl
group, a Cg-Cy44 aryl group, a C4-C4, heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic group, or any combination thereof.

[0076] In one or more embodiments, R4, in Formula 2B may be:

a methyl group or a methoxy group, each substituted with a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a norbornanyl group, a norbornenyl group, a cyclopentenyl group,
a cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]pentyl group, a bicyclo[2.1.1]hexyl group, a bicyc-
lo[2.2.2]octyl group, a (C4-Cyq alkyl)cyclopentyl group, a (C4-Cyq alkyl)cyclohexyl group, a (C4-Cyq alkyl)cycloheptyl
group, a (C4-Cyq alkyl)cyclooctyl group, a (C4-Cyq alkyl)adamantanyl group, a (C4-Cyq alkyl)norbornanyl group, a
(C4-Cyg alkyl)norbornenyl group, a (C4-Cyq alkyl)cyclopentenyl group, a (C4-C,q alkyl)cyclohexenyl group, a (C4-Cyq
alkyl)cycloheptenyl group, a (C4-C, alkyl)bicyclo[1.1.1]pentyl group, a (C4-C,, alkyl)bicyclo[2.1.1]hexyl group, a
(C4-Cyg alkyl)bicyclo[2.2.2]octyl group, a phenyl group, a (C4-C, alkyl)phenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof;

a methyl group or a methoxy group, each substituted with i) a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclooctyl group, an adamantanyl group, a norbornanyl group, a norbornenyl group, a cyclopentenyl group,
a cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]pentyl group, a bicyclo[2.1.1]hexyl group, a bicyc-
lo[2.2.2]octyl group, a (C4-C, alkyl)cyclopentyl group, a (C4-C, alkyl)cyclohexyl group, a (C4-C, alkyl)cycloheptyl
group, a (C4-C, alkyl)cyclooctyl group, a (C4-C, alkyl)adamantanyl group, a (C4-C,, alkyl)norbornanyl group, a
(C4-Cyg alkyl)norbornenyl group, a (C4-Cyq alkyl)cyclopentenyl group, a (C4-C,q alkyl)cyclohexenyl group, a (C4-Cyq
alkyl)cycloheptenyl group, a (C4-C,q alkyl)bicyclo[1.1.1]pentyl group, a (C4-Cyq alkyl)bicyclo[2.1.1]hexyl group, a
(C4-Cyq alkyl)bicyclo[2.2.2]octyl group, a phenyl group, a (C4-C, alkyl)phenyl group, a naphthyl group, a pyridinyl
group, a pyrimidinyl group, or any combination thereof, and ii) at least one deuterium atom;

a C,-Cyq alkyl group or a C,-C, alkoxy group, each unsubstituted or substituted with deuterium, -F, -Cl, -Br, -I,
-CD3, -CD,H, -CDH,, -CF3, -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 C4-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 cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]pentyl group, a bicyclo[2.1.1]
hexyl group, a bicyclo[2.2.2]octyl group, a (C4-C, alkyl)cyclopentyl group, a (C4-C,q alkyl)cyclohexyl group, a
(C4-Cyg alkyl)cycloheptyl group, a (C4-Cyq alkyl)cyclooctyl group, a (C4-C,, alkyl)adamantanyl group, a (C4-Cy
alkyl)norbornanyl group, a (C4-C5q alkyl)norbornenyl group, a (C4-Cyq alkyl)cyclopentenyl group, a (C4-Cyq alkyl)cy-
clohexenyl group, a (C4-Cyq alkyl)cycloheptenyl group, a (C4-Cyq alkyl)bicyclo[1.1.1]pentyl group, a (C4-Cyq alkyl)bi-
cyclo[2.1.1]hexyl group, a (C4-Cyq alkyl)bicyclo[2.2.2]octyl group, a phenyl group, a (C4-Cyq alkyl)phenyl group, a
naphthyl group, a pyridinyl group, a pyrimidinyl group, or any combination thereof; or

acyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, an adamantanyl group, a norbornanyl
group, a norbornenyl group, a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]
pentyl group, a bicyclo[2.1.1]hexyl group, a bicyclo[2.2.2]octyl group, a phenyl group, a (C4-Cyq alkyl)phenyl group,
a biphenyl group, a terphenyl 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 benzoqui-
nolinyl group, a quinoxalinyl group, a quinazolinyl group, a cinnolinyl group, a carbazolyl group, a phenanthrolinyl
group, a benzoimidazolyl group, a benzofuranyl group, a benzothiophenyl group, a benzoisothiazolyl group, a ben-
zoxazolyl group, a benzoisoxazolyl 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 imi-
dazopyridinyl group, an imidazopyrimidinyl group, an azacarbazolyl group, an azadibenzofuranyl group, or an aza-
dibenzothiophenyl group, each unsubstituted or substituted with deuterium, -F, -Cl, -Br, -1, -CD5, -CD,H, -CDH,,
-CF3, -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 C4-Cyq alkyl group, a C4-C,q alkoxy group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, an adamantanyl group, a norbornanyl group, a norbornenyl group, a cy-
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clopentenyl group, a cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]pentyl group, a bicyclo[2.1.1]hexyl
group, a bicyclo[2.2.2]octyl group, a (C4-Cyq alkyl)cyclopentyl group, a (C4-Cyq alkyl)cyclohexyl group, a (C4-Cyq
alkyl)cycloheptyl group, a (C4-Cyq alkyl)cyclooctyl group, a (C4-Cyq alkyl)adamantanyl group, a (C4-C,q alkyl)nor-
bornanyl group, a (C4-C,q alkyl)norbornenyl group, a (C4-C,q alkyl)cyclopentenyl group, a (C4-C,q alkyl)cyclohexenyl
group, a (C4-C, alkyl)cycloheptenyl group, a (C4-C, alkyl)bicyclo[1.1.1]pentyl group, a (C4-C, alkyl)bicyclo[2.1.1]
hexyl group, a (C4-C,q alkyl)bicyclo[2.2.2]octyl group, a phenyl group, a (C4-C, alkyl)phenyl group, a biphenyl
group, a terphenyl 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 phenanthrolinyl group,
a benzoimidazolyl group, a benzofuranyl group, a benzothiophenyl group, a benzoisothiazolyl group, a benzoxazolyl
group, a benzoisoxazolyl 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 imida-
zopyridinyl group, an imidazopyrimidinyl group, an azacarbazolyl group, an azadibenzofuranyl group, an azadiben-
zothiophenyl group, or any combination thereof.

[0077] In one or more embodiments, Rs4, Rg4, R4, and R45 in Formula 5 may each independently be:

hydrogen, deuterium, -F, or a cyano group;

a C4-Cyq alkyl group unsubstituted or substituted with deuterium, -F, a cyano group, or any combination thereof; or
a phenyl group, a biphenyl group, a dibenzofuranyl group, or a dibenzothiophenyl group, each unsubstituted or
substituted with deuterium, - F, a cyano group, a C4-C, alkyl group, a deuterated C4-C, alkyl group, a fluorinated
C4-C, alkyl group, a phenyl group, a deuterated phenyl group, a fluorinated phenyl group, a (C4-Cyq alkyl)phenyl
group, a biphenyl group, a deuterated biphenyl group, a fluorinated biphenyl group, a (C4-Cyq alkyl)biphenyl group,
or any combination thereof.

[0078] In one or more embodiments, R4, in Formula 5 may be a phenyl group, a biphenyl group, a carbazolyl group,
afluorenyl group, a dibenzofuranyl group, or a dibenzothiophenyl group, each unsubstituted or substituted with deuterium,
-F, a cyano group, a C4-Cyq alkyl group, a deuterated C4-C,q alkyl group, a fluorinated C4-C,q alkyl group, a phenyl
group, adeuterated phenyl group, afluorinated phenyl group, a (C4-Cyq alkyl)phenyl group, a biphenyl group, a deuterated
biphenyl group, a fluorinated biphenyl group, a (C4-C5q alkyl)biphenyl group, or any combination thereof.

[0079] In one or more embodiments, Zy, Z4, Z,, Z5g, Z30, R14 t0 Rq4, Rgy, Rgq, and R4 to R in Formulae 2A, 2B,
and 5 may each independently be:

hydrogen, deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, -SFg, a C4-Cyq alkyl group, a C4-C,q alkoxy group, ora C4-Cy
alkylthio group;

a C4-C, alkyl group, a C4-C, alkoxy group, or a C4-C, alkylthio group, each substituted with deuterium, -F, -Cl,
-Br, -1, -CDs, -CD,H, -CDH,, -CF5, - 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 C4-C4q 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 cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]pentyl group, a bicyc-
lo[2.1.1]hexyl group, a bicyclo[2.2.2]octyl group, a (C4-C, alkyl)cyclopentyl group, a (C4-C, alkyl)cyclohexyl group,
a (C4-C, alkyl)cycloheptyl group, a (C4-C, alkyl)cyclooctyl group, a (C4-C,q alkyl)adamantanyl group, a (C4-Cy
alkyl)norbornanyl group, a (C4-C,q alkyl)norbornenyl group, a (C4-Cyq alkyl)cyclopentenyl group, a (C4-Cyq alkyl)cy-
clohexenyl group, a (C4-Cy alkyl)cycloheptenyl group, a (C4-C,q alkyl)bicyclo[1.1.1]pentyl group, a (C4-Cyq alkyl)bi-
cyclo[2.1.1]hexyl group, a (C4-Cyq alkyl)bicyclo[2.2.2]octyl group, a phenyl group, a (C4-Cyq alkyl)phenyl group, a
biphenyl group, a terphenyl group, a naphthyl group, a pyridinyl group, a pyrimidinyl group, or any combination thereof;
acyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, an adamantanyl group, a norbornanyl
group, a norbornenyl group, a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]
pentyl group, a bicyclo[2.1.1]hexyl group, a bicyclo[2.2.2]octyl group, a phenyl group, a (C4-Cyq alkyl)phenyl group,
a biphenyl group, a terphenyl 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
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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 benzoqui-
nolinyl 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, a benzoisothiazolyl group, a ben-
zoxazolyl group, a benzoisoxazolyl 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 imi-
dazopyridinyl group, an imidazopyrimidinyl group, an azacarbazolyl group, an azadibenzofuranyl group or azadiben-
zothiopheny! group, each unsubstituted or substituted with deuterium, -F, -Cl, -Br, -I, -CD3, -CD,H, -CDH,, -CF3,
-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 C4-C, alkyl group, a (phenyl)C,-C,, alkyl group, a C4-C, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, an adamantanyl group, a norbornanyl group, a
norbornenyl group, a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl group, a bicyclo[1.1.1]pentyl group,
a bicyclo[2.1.1]hexyl group, a bicyclo[2.2.2]octyl group, a (C4-Cyq alkyl)cyclopentyl group, a (C4-Cyq alkyl)cyclohexyl
group, a (C4-C,q alkyl)cycloheptyl group, a (C4-Cyq alkyl)cyclooctyl group, a (C4-Cyq alkyl)adamantanyl group, a
(C4-Cyq alkyl)norbornanyl group, a (C4-C,q alkyl)norbornenyl group, a (C4-C,q alkyl)cyclopentenyl group, a (C4-Cyq
alkyl)cyclohexenyl group, a (C4-C, alkyl)cycloheptenyl group, a (C4-C,q alkyl)bicyclo[1.1.1]pentyl group, a (C4-Cy
alkyl)bicyclo[2.1.1]hexyl group, a (C4-C,q alkyl)bicyclo[2.2.2]octyl group, a phenyl group, a (C4-C,q alkyl)phenyl
group, a biphenyl group, a terphenyl group, a naphthyl group, a fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl group, a pyrenyl group, a chrysenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an isothiazolyl group,
an oxazolyl group, an isoxazolyl group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a purinyl group, a quinolinyl group, an isoquinolinyl group,
a benzoquinolinyl group, a quinoxalinyl group, a quinazolinyl group, a cinnolinyl group, a carbazolyl group, a phen-
anthrolinyl group, a benzimidazolyl group, a benzofuranyl group, a benzothiophenyl group, a benzoisothiazolyl
group, a benzoxazolyl group, a benzoisoxazolyl group, a triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophenyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, an imidazopyrimidinyl group, an azacarbazolyl group, an azadibenzofuranyl group,
an azadibenzothiophenyl group, or any combination thereof; or

-N(Q)(Qp), -Si(Q3)(Q,)(Qs). -Ge(Q3)(Q4)(Qs). -B(QE)(Q7). - P(=0)(Qg)(Qg). oF -P(Qg)(Qg), and

Q, to Qg may each independently be:

-CHj, -CD3, -CD,H, -CDH,, -CH,CH4, -CH,CD3, -CH,CD5H, -CH,CDH,, -CHDCHj, -CHDCD,H, -CHDCDHj,
-CHDCD3, -CD,CD3, -CD,CD,H, or - CD,CDH,; or

an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl group, a tert-butyl group,
an n-pentyl group, a tert-pentyl group, a neopentyl group, an isopentyl group, a sec-pentyl group, a 3-pentyl
group, a sec-isopentyl group, a phenyl group, a biphenyl group, or a naphthyl group, each unsubstituted or
substituted with deuterium, a C4-C4, alkyl group, a phenyl group, or any combination thereof.

[0080] In one or more embodiments, Z; in Formula 2A may not include Si.

[0081] In one or more embodiments, Z4 in Formula 2A may not be a group represented by -Si(Q3)(Q4)(Qs5).

[0082] In one or more embodiments, R, to Ry, Z4, Z5, and Ry to Ry, in Formulae 2A and 2B may each not include
silicon (Si). As a result, an electronic device, such as an organic light-emitting device, including the first compound
represented by Formula 1 may have improved out-coupling characteristics.

[0083] Inoneormore embodiments, the firstcompound represented by Formula 1 may satisfy atleast one of Conditions
Ato C.

[0084] Condition A: in Formula 2A, Z, is not hydrogen, and a1 is not 0.

[0085] Condition B: in Formula 2A, Z, is not hydrogen, and a2 is not 0.

[0086] Condition C: in Formula 2B, R44 is not hydrogen, and b1 is not 0.

[0087] Inone or more embodiments, the first compound represented by Formula 1 may include at least one deuterium
atom, at least one fluoro group (-F), at least one cyano group (-CN), or any combination thereof.

[0088] In one or more embodiments, the first compound represented by Formula 1 may include at least one deuterium
atom.

[0089] Inoneormore embodiments, the firstcompound represented by Formula 1 may satisfy atleast one of Conditions
(1) to (6), or Condition (7).

[0090] Condition (1): in Formula 2A, a1 is not 0, and at least one of Z4(s) in the number of a1 includes deuterium.
[0091] Condition (2): in Formula 2A, a2 is not 0, and at least one of Z,(s) in the number of a2 includes deuterium, a
fluoro group (-F), a cyano group, or any combination thereof.
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[0092] Condition (3): at least one of Ary(s) in the number of d2 in Formula 2A includes deuterium, a fluoro group (-F),
a cyano group, or any combination thereof.

[0093] Condition (4): at least one of Ry to Ry3 in Formula 2B includes deuterium.

[0094] Condition (5): Ry, in Formula 2B includes at least one deuterium atom.

[0095] Condition (6): in Formula 2B, b1 is not 0, and at least one of Rq4(s) in the number of b1 includes deuterium, a
fluoro group (-F), a cyano group, or any combination thereof.

[0096] Condition (7): Z4, Z,, and Ar, in Formula 2A and Ry, to R4 and Ry, to Ry in Formula 2B each consist of only
carbon and hydrogen.

[0097] In one or more embodiments, Zy, Z4, Z,, Z5g, Z30, R14 t0 Rq4, Rgy, Rgq, and Ry to Rz in Formulae 2A, 2B,
and 5 may each independently be hydrogen, deuterium, - F, a cyano group, a nitro group, -SFg, -CHj, -CD3, -CD5H,
-CDH,, -CF3, -CF,H, -CFH,, -OCH,4, -OCDH,, -OCD,H, -OCD3, -SCH3, -SCDH,, -SCD,H, -SCD4, a group represented
by one of Formulae 9-1 to 9-39, a group represented by one of Formulae 9-1 to 9-39 in which at least one hydrogen is
substituted with deuterium, a group represented by one of Formulae 9-1 to 9-39 in which at least one hydrogen is
substituted with -F, a group represented by one of Formulae 9-201 to 9-230, a group represented by one of Formulae
9-201 to 9-230 in which at least one hydrogen is substituted with deuterium, a group represented by one of Formulae
9-201 to 9-230 in which at least one hydrogen is substituted with -F, a group represented by one of Formulae 10-1 to
10-145, a group represented by one of Formulae 10-1 to 10-145 in which at least one hydrogen is substituted with
deuterium, a group represented by one of Formulae 10-1 to 10-145 in which at least one hydrogen is substituted with
-F, a group represented by one of Formulae 10-201 to 10-354, a group represented by one of Formulae 10-201 to 10-354
in which at least one hydrogen is substituted with deuterium, a group represented by one of Formulae 10-201 to 10-354
in which at least one hydrogen is substituted with -F, -Si(Q3)(Q4)(Qs5), or -Ge(Q3)(Q4)(Qs5) (Wherein Q5 to Qg are respec-
tively the same as those described herein).

[0098] In one or more embodiments, Z; in Formula 2A and R4 to Ry3 in Formula 2B may each independently be
hydrogen, deuterium, -CHs, -CDg3, -CD,H, -CDH,, -OCHj, -OCDH,, -OCD,H, -OCDg, -SCH3, -SCDH,, -SCD,H, -SCD,
a group represented by one of Formulae 9-1 to 9-39, a group represented by one of Formulae 9-1 to 9-39 in which at
least one hydrogen is substituted with deuterium, a group represented by one of Formulae 9-201 to 9-230, a group
represented by one of Formulae 9-201 to 9-230 in which at least one hydrogen is substituted with deuterium, a group
represented by one of Formulae 10-1 to 10-138 and 10-145, or a group represented by one of Formulae 10-1 to 10-138
and 10-145 in which at least one hydrogen is substituted with deuterium.

[0099] In one or more embodiments, Ar, in Formula 2A may be a group represented by one of Formulae 10-12 to
10-145, a group represented by one of Formulae 10-12 to 10-145 in which at least one hydrogen is substituted with
deuterium, a group represented by one of Formulae 10-12 to 10-145 in which at least one hydrogen is substituted with
-F, agroup represented by one of Formulae 10-201 to 10-354, a group represented by one of Formulae 10-201 to 10-354
in which at least one hydrogen is substituted with deuterium, or a group represented by one of Formulae 10-201 to
10-354 in which at least one hydrogen is substituted with -F.

[0100] In one or more embodiments, R4, in Formula 2B may be hydrogen, -CH3, - CH,D, -CHD,, or -CD;.

[0101] In one or more embodiments, R4, in Formula 2B may be hydrogen or a methyl group (-CHs).

[0102] In one or more embodiments, R4, in Formula 2B may be -CH,D, -CHD,, or - CDs.

[0103] In one or more embodiments, Ry, in Formula 2B may be a group represented by one of Formulae 9-1 to 9-39,
a group represented by one of Formulae 9-1 to 9-39 in which at least one hydrogen is substituted with deuterium, a
group represented by one of Formulae 9-1 to 9-39 in which at least one hydrogen is substituted with -F, a group
represented by one of Formulae 9-201 to 9-230, a group represented by one of Formulae 9-201 to 9-230 in which at
least one hydrogen is substituted with deuterium, a group represented by one of Formulae 9-201 to 9-230 in which at
least one hydrogen is substituted with -F, a group represented by one of Formulae 10-1 to 10-145, a group represented
by one of Formulae 10-1 to 10-145 in which at least one hydrogen is substituted with deuterium, a group represented
by one of Formulae 10-1 to 10-145 in which at least one hydrogen is substituted with -F, a group represented by one of
Formulae 10-201 to 10-354, a group represented by one of Formulae 10-201 to 10-354 in which at least one hydrogen
is substituted with deuterium, or a group represented by one of Formulae 10-201 to 10-354 in which at least one hydrogen
is substituted with -F.
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N
~ N /Y )\
/' \3N /iN \i /IN \IN N/iN
* % *
>y R % \N/k */k"N/i\

10.273 10-274 10-275 10-276 10-277 10-278 10-279
/N /N ~ I N
]
\” \lr * X * o 0, * s 8

> AN kN | | I l

p/ Y/ Y/, Y/
* *

10-280 10-281 10-282 10-283 10-284 10.285 10-286

* * * *

NS S S SN ; NN
| | )\> ) Vs I » N
Iy N/ | P Y/, T Iy | ;\{ ] N
10-287  10-288 10-289 10-230 10-291 40-262 10-203 10-294 10-295

* * )
A
/ » 2 /[)—— 7 | /E}——
* *” N % Y/, . /4 * Y/, . V/, *
10-296 10-297 10-298 0-299 10-300 10-301 16-302 10-303 10-304
* *
o s * o, ¥ s, o s
x| 4 x|y | 4 l Iy |
10-305 10-306 10.307 10-308 10.308 10.310
* * * * 5\ 5\ 5\F
10311 10-312 10-313 10-314 10-315 10-316 10.317
Ph Ph

* P % ph ¥ * * * *

B S S, & Sy O, .~ O~ (e X/

10-318 10-319 10-320 10-321 10-322 10-323 10-324

21



(]

10

-
(]

20

25

40

45

55

EP 4 236 660 A1

*
* ph % Ph ¥ * * *
o, -~ G, 2 O 2 O~

10-325 10-326 10.327 10-328 10-329 10-330
*
* *
g O ‘ o] O 0,
-0 D O v U (L
( ( < * * *
10-332 10-333 10-334 10-325 10-336 10-337

o} 8 S, S 8,
/ / Y/ Y/ /4
* * * %* *
10-338 10-339 10-340 10-341 10-342
N
O Oe / \
*/
16-344 10-345 10-346 10-347 10-348
*
e N
N
& % ol L G
10-349 10-350 10-351 10-352 10-353 10-354

[0104] In Formulae 9-1 to 9-39, 9-201 to 9-230, 10-1 to 10-145, and 10-201 to 10-354, * indicates a binding site to a
neighboring atom, Ph is a phenyl group, TMS is a trimethylsilyl group, TMG is a trimethylgermyl group, and OMe is a
methoxy group.

[0105] The "group represented by one of Formulae 9-1 to 9-39 in which at least one hydrogen is substituted with
deuterium" and the "group represented by one of Formulae 9-201 to 9-230 in which at least one hydrogen is substituted
with deuterium" may be, for example, a group represented by one of Formulae 9-501 to 9-514 and 9-601 to 9-637:

B T e i e

9-501 9-502 9-503 9-504 $-505 9-506 9-507
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D
D
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9.608 9-609 9610 9611 9-612 9613

9-614

D
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9-620 9621 9.622 9-623 9-624 2625
B
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*
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9-616

9-817

9-618

D
D cD;
D
D
*
D
CD;

w%w%*@m

9-619

seaackeSachachac

9632

9-633

9634

9-635

9-636

2637

[0106] The "group represented by one of Formulae 9-1 to 9-39 in which at least one hydrogen is substituted with -F"
and the "group represented by one of Formulae 9-201 to 9-230 in which at least one hydrogen is substituted with -F"
may be, for example, a group represented by one of Formulae 9-701 to 9-710:

)< )< CF 3 * GF, * CFs * CF;
9-701 9-702 9-703 9-704 9-705 8-708 9-707
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S R

9-708 9.709 9-710

[0107] The "group represented by one of Formulae 10-1 to 10-145 in which at least one hydrogen is substituted with
deuterium" and the "group represented by one of Formulae 10-201 to 10-354 in which atleast one hydrogen is substituted
with deuterium" may be, for example, a group represented by one of Formulae 10-501 to 10-553:
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p B D P D
D D b 5 p
5 * 5 D . D D
*
* D * D
b D % * p % D
p P 0 D
D D
10-501 10-502 10-503 10-504 10-505 10-508 40-507 10-508
CDy
€Dy cn, ©Ps cD,
cDy
* Q\ /@ * ©0s
* *
CD, CDy <D, CB,
10-509 10-510 10-511 10-5412 10-513 0-514 10-515
D D D D cDy )
D ) D D D co, PR D D p oD cD;
* 3] * cn, ¥ D * D * cD, ¥ D
CD; D D Chy ] Chy
10-516 10-517 19-518 10-51% 10.520 10-521
C{CDs)s
[o]2 18 C{CDs}s CICDs)s
C(CDg)s
* */©\ /©/ * * ceDgs ¥
*
C(CDy)s C(CDs)s C(Chy)s C(CDy)s
10-522 10-523 10.524 10.525 10-526 10.527
D D D D C(CD;3)3
D D D D D C{CDy); GIeDsks D D C(CD:)s C{CDy)3
* D * C(CD3)y ¥ D * D C(CDy)y *
CED,); D D cD; C(CD3);
10.528 10-529 10.530 10-531 10-532 10-533
B D D
D D D p D
D, D D D D
* B * D * ()
* * D *
D B D
10-534 10-535 10-536 10-537 10-538 10-540
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10-541

O g g

10-547

[0108] The "group represented by one of Formulae 10-1 to 10-145 in which at least one hydrogen is substituted with
-F" and the "group represented by one of Formulae 10-201 to 10-354 in which at least one hydrogen is substituted with
-F" may be, for example, a group represented by one of Formulae 10-601 to 10-636:

10-542

10-548

CICDs)
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10-543

o

10-552

10-544

10-545

10-550

Ea

10-553

10-546

C(CD3)3

o B

10-551

F‘F kR F
. . F R F F £
. £ * FF FF Fr £ F
* F F
e F
F [ * * * % *

10-6056 10-608

10601
F
F
n *
* ¥
10-610

10-602 10-603
F
*
10-611 10-812

10-604

10-813

10-614 10-615

10-607 10-608

10-616 10-817

10-60%

F
F £ F F F. F
3 B o Y
* :@*
* £ ¥ * F F * F F

10-618

T, e X X D

19 619

10-620

10-628

10 621

10629

$0. 622

10-623 10-624

25
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F
*/iI:
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10-626

o
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10-634 10-635 10-636

[0109] In Formulae 2A and 2B, each of: i) two or more of R,4 to Rys; ii) two or more of a plurality of Z4(s); iii) two or
more of a plurality of Z5(s); iv) Ry, and Ry3; v) two or more of a plurality of Rq4(s); and vi) two or more of Zy, Z, Z,, Z5g,
Z3, and R4 to R4 may optionally be linked together to form a C5-C5( carbocyclic group unsubstituted or substituted
with at least one R4, or a C4-C5; heterocyclic group unsubstituted or substituted with at least one R4q,. That is, i) two
or more of R,4 to Ry3 may optionally be linked together to form a C5-C5( carbocyclic group unsubstituted or substituted
with at least one R4y, or a C4-C5, heterocyclic group unsubstituted or substituted with at least one Ry, ii) two or more
of a plurality of Z,(s) may optionally be linked together to form a C5-C5, carbocyclic group unsubstituted or substituted
with at least one R4, or a C4-C3q heterocyclic group unsubstituted or substituted with at least one R, iii) two or more
of a plurality of Z,(s) may optionally be linked together to form a C5-C5 carbocyclic group unsubstituted or substituted
with at least one R4g, or a C4-C5q heterocyclic group unsubstituted or substituted with at least one R4q,, iv) R4p and Ry3
may optionally be linked together to form a C5-C3 carbocyclic group unsubstituted or substituted with at least one Ry,
or a C4-C4 heterocyclic group unsubstituted or substituted with at least one R, v) two or more of a plurality of R4(s)
may optionally be linked together to form a C5-C5, carbocyclic group unsubstituted or substituted with at least one Ry,
or a C4-C3q heterocyclic group unsubstituted or substituted with at least one R4q,4, and vi) two or more of 2, Z4, Z,, Z5g,
Z3, and Rq¢ to R4 may optionally be linked together to form a C5-C5( carbocyclic group unsubstituted or substituted
with at least one Ry, or a C4-Cj3 heterocyclic group unsubstituted or substituted with at least one Ryq.

[0110] R;q, is the same as described in connection with R,.

[0111] *and * in Formulae 2A and 2B each indicate a binding site to M in Formula 1.

[0112] In an embodiment, a group represented by

in Formula 2A may be a group represented by one of Formulae CY1(1) to CY1(16):

ClL. € N OO CLoe
/N\* /N\* 2N K"/’N\* N /N\* NN k.l’;N\* /N\*
Eal] X FF *¥ Y Y 11

*11 *1 9 * 10
CY1({1) CY4(2) CYH{3) Cy1{4) CY1(5) CY16) CY1{7) €Y1(8)
N | Naise | 2Ny | 2N 2N 2Ny N
*¥1 & T E1l) * *H e *e
CY1(9) CY1{10} CY1{11) CY1{12) CY1(13} CY1(14) CY1(15}
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1 =
5 ZNa
it
CY1{18)
10 wherein, in Formulae CY, (1) to CY, (16),
* indicates a binding site to M in Formula 1, and
*" indicates a binding site to one of T4 to T, in Formula 2A.
[0113] In one or more embodiments, a group represented by
15
{ oY, |
C2) N ! N
20 - -
AP, B \*
r1

25 in Formula 2A may be a group represented by one of Formulae CY1-1 to CY, -28:

Z12 Z1z
211 213 Z‘H
| | | B | |
30
/N\* /N\* /N\* /N\* 2ud /N\* /‘\E\*
E3L (1] W F1l} R

CY11

&
CY1-2 CY1-3 CcYi-4 CY1-5 CY1-6
35
Z12 Z12 Z12
Zy3 Zi Zn Iy 213 Zy3 Z44
| | | B B |
~N N N ~N AN A
at) Zid s N 24 Nk Zyi at %
40 L 31] E 31l ¥ F31] * Ty e
CY1-7 CY1-8 cY1-8 CY1-10 CY1{-11 CYt112
Z12 24z 21z
Zy Iy Zy Iyg Zy3 Z4q
45 I N N i N N
2N NG PN 2N
Zig * Zi4 * Zig * Zyq *
T 13 T 1
C¥1-13 CYi-14 Cy1-15 CY1-18
50
(Fiﬂ)a)aa
z z
(R1Oa)aa (Rlua)aa (Rwa)aa 12 (Rﬂ)a)aa 2 . cyma E
Zyy ’. ’ Zy
55 ._' . \ :. . \ -_. x, \ :. x, \ ., \
: Gy l 1 C¥qpa I 3 CYaga I i G0 l |
e 8 /N\* e /N\* ‘._._"‘,.- /N\* ‘.‘“.“,.- /N\* /N\*
t 1) *1E RV *EF *1y
CY1-17 cY1-18 CY1-19 CY1-20 CY1-24
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(Twa)aa (Ripalaa (Tma)aa (T‘loa)aa {Rypadaa
i CY1pa : i CY10a:3 CY1ga:
., Z o Z B Py
. | _ 1 l " 13 | =
o N\* - N\* 2 N\*
0y E Al F1
CY1-22 CY1-25 CY1-26

(Tma)aa (Tma)aa
i CYieq i CYqpa
o 23 o
l [ | [
244 * 244 *
EL] F1id
cyY1-27 CY1-28

wherein, in Formulae CY1-1 to CY1-28,

Z44 to Z,, are each the same as described in connection with Z,, wherein Z,, to Z;, may each not be hydrogen,
ring CY o4 may be a C5-Cs, carbocyclic group or a C4-Cs, heterocyclic group,

R105 is the same as Ryq, described herein,

aa may be an integer from 0 to 10,

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

*" indicates a binding site to one of T4 to T, in Formula 2A.

[0114] Forexample, ring CY,,, may be a cyclohexane group, a norbornane group, a benzene group, or a naphthalene

group.
[0115] In one or more embodiments, a group represented by

.l. .Q'

. CY, :
(Z9)ar—— L
TN

*E

in Formula 2A may be a group represented by one of Formulae CY1-1, CY1-4, CY1-7, CY1-9, CY1-11, CY1-12, and
CY1-14 to CY1-24.
[0116] In one or more embodiments, a group represented by

v
*§
/Ta X —-T/
T{’/ \ / ""/Tz
Ty 1=

in Formula 2A may be a group represented by one of Formulae CY2-1 to CY2-6:
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*¥ * B
el E ,
e ; - . S T4/ I
* 2 Tg 21
X2t X ~|~7/ ] - . S PLL
Tg l \;‘ / \ '1“5 T//5 \
7N =3 8 | Te, 4 5 Xay
7 4 X //'TZ \T Ty \
N e 21 14 T TT:.:Tg
Ts"'T5
cyz1 CY2-2 CY2-3 CY2-4
Eall
> %1
- P
;2 N Ta 2
T = X214
2 =
ANY
X T
21 / 8 ﬁ\ 4/1“3
Ta'—TT TE‘“"T']
cY25 CY2-6
wherein, in Formulae CY2-1 to CY2-6,
T, to Tg may each independently be C or N,
X4 is the same as X, described herein,
*" indicates a binding site to ring CY, in Formula 2A, and
* indicates a binding site to M in Formula 1.
[0117] For example, a group represented by
F 111
X !
27
T —
// 8 T/
T\7 \ / i /Tz
TG::T5 T4.’¢T3

in Formula 2A may be a group represented by one of Formulae CY2-1 to CY2-6, and

a) R4, in Formula 2B may not be hydrogen or a methyl group (for example, the number of carbon atoms included
in Ry, may be 2 or more), and the number of N(s) among T, to Tg in Formulae CY2-1 to CY2-6 may be 0 or 1 (for
example, the number of N(s) among T, to Tqg may be 0; or T, to T, may each not be N, and Tg may be N), or

b) Ry, in Formula 2B may be hydrogen, a methyl group, or a deuterated methyl group, and the number of N(s)
among T, to Tg in Formulae CY2-1 to CY2-6 may be 0 or 1 (for example, the number of N(s) among T, to Tg may
be 0; or T4 to T; may each not be N, and Tg may be N).

[0118] In one or more embodiments,

1) T, to Tgin Formulae CY2-1 to CY2-6 may each be C;

2) in Formula CY2-1, one of T5 to Tg may be N, and the remaining T5 to Tg that are not N may each be C;

3) in Formula CY2-1, T3 and Tg may each be N, and T, to T; may each be C;

4) in Formula CY2-1, Tg and Tg may each be N, and T5 to T5 and T; may each be C;

5) in Formula CY2-2, one of T4, T,, and Tg may be N, and the remaining T,, T,, and Ty to Ty that are not N may
each be C;

6) in Formula CY2-2, T, and Tg may each be N, and T, and T to T; may each be C;

7) in Formula CY2-2, T, and Tg may each be N, and T, and T5 to T; may each be C;

8) in Formulae CY2-3 and CY2-4, one of T4, T4, and Tg may be N, and the remaining T4, T4, and Tg to T4 that are
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not N may each be C;

9) in Formulae CY2-3 and CY2-4, T, and Tg may each be N, and T, and T5 to T; may each be C;

10) in Formulae CY2-3 and CY2-4, T, and Tg may each be N, and T, and Tg to T; may each be C;

11)in Formula CY2-5, one of T, and Tg may be N, and the remaining T, T,, and T5 to Tg that are not N may each be C;
12) in Formula CY2-5, T, and Tq may each be N, and T, and T; to T; may each be C;

13) in Formula CY2-6, one of T, and Tg may be N, and the remaining T5 to Tg that are not N may each be C; or
14) in Formula CY2-6, T, and Tq may each be N, and T, and T to T; may each be C.

[0119] In one or more embodiments, a group represented by

*
X !
21
Y /
T\7 \ / ' /Tz

in Formula 2A may be a group represented by one of Formulae CY2(1) to CY2(6):

5 KW

| -

— Tas
7 \ Xat

cy2(2)

T
T 25 Tos
£y Vi

\
T2r<T o

CY2(4)

*¥

T
X //Tza
TZS"Tz'?

CY2(5) CY2{6)

wherein, in Formulae CY2(1) to CY2(6),

Toq may be N, C(Z,4), or C(Aryq), Top may be N, C(Z,,), or C(Ary,), Tog may be N, C(Z,3), or C(Ary3), To4 may be
N, C(Z54), or C(Aryy), Tos may be N, C(Z,5), or C(Arys), Tog may be N, C(Zyg), or C(Aryg), To7 may be N, C(Z,;), or
C(Ary7), and Tog may be N, C(Zyg), or C(Aryg),

the number of N(s) among T3 to Tog in Formulae CY2(1) and CY2(6) may be 0 or 1, the number of N(s) among
T2, Tog, Tos, Tog, To7, @and Tog in Formulae CY2(2) and CY2(5) may be 0 or 1, and the number of N(s) among T4,
To4, Tos, Tog, To7, and Tog in Formulae CY2(3) and CY2(4) may be O or 1,

X4 is the same as X, described herein,

Z,4 to Z,g are each the same as described in connection with Z,,

Ar,, to Ar,g are each the same as described in connection with Ar,,

Formulae CY2(1) and CY2(6) may each include at least one of Ar,5 to Aryg, Formulae CY2(2) and CY2(5) may each
include at least one of Aryq, Aryy, Arys, Argg, Aryz, and Aryg, Formulae CY2(3) and CY2(4) may each include at least
one of Aryq, Argy, Arys, Aryg, Arpz, and Aryg,
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*" indicates a binding site to ring CY; in Formula 2A, and
* indicates a binding site to M in Formula 1.

[0120] In one or more embodiments, a group represented by
1l
* ¥
21
T -
T\7 \ ' /Tz
TG::Ts T4$T3

in Formula 2A may be a group represented by one of Formulae CY2(1) to CY2(6), and may satisfy at least one of

Conditions 1-1 to 1-8.

[0121] Condition 1-1: T,g in Formulae CY2(1) to CY2(6) is C(Aryg).
[0122] Condition 1-2: T7 in Formulae CY2(1) to CY2(6) is C(Ary7).
[0123] Condition 1-3: T,g in Formulae CY2(1) to CY2(6) is C(Aryg).
[0124] Condition 1-4: To5 in Formulae CY2(1) to CY2(6) is C(Arys)
[0125]
[0126]
[0127]
[0128]
[0129]

Condition 1-6: To3 in Formulae CY2(1) and CY2(6) is C(Ary3).
Condition 1-7: Ty, in Formulae CY2(2) and CY2(5) is C(Ary,).
Condition 1-8: To4 in Formulae CY2(2) to CY2(5) is C(Ary).
In one or more embodiments, a group represented by

/T8 Xa1 —'/
v T4

\

TG '::T 5 T4;T3

in Formula 2A may be a group represented by one of Formulae CY2(1) to CY2(6), and may satisfy at least one of

Conditions 2-1 to 2-8:

Condition 1-5: T, in Formulae CY2(1), CY2(3), CY2(4), and CY2(6) is C(Ary,).

Condition 2-1: )s

s in Formulae CY2(1) to CY2(6), T, is C(Z,7), and Zy7 is not hydrogen.
Condition 2-3: )s
:in Formulae CY2(1) to CY2(6), Tos is C(Z55), and Zy5 is not hydrogen.
in Formulae CY2(1), CY2(3), CY2(4), and CY2(6), Ty, is C(Zy4), and Z,, is not hydrogen.

Condition 2-2

Condition 2-4

Condition 2-5:
Condition 2-6:
Condition 2-7:
Condition 2-8:

[0130]

in Formulae CY2(1) to CY2(6), Tog is C(Z5g), and Zyg is not hydrogen.
in Formulae CY2(1) to CY2(6), Tog is C(Zyg), and Zyg is not hydrogen.
in Formulae CY2(1) and CY2(6), To3 is C(Z53), and Z,5 is not hydrogen.

in Formulae CY2(2) and CY2(5), Ty, is C(Z55), and Z,, is not hydrogen.
in Formulae CY2(2) to CY2(5), Ty4 is C(Z,4), and Z,, is not hydrogen.

In one or more embodiments, a group represented by

iy
P34
Ts AT /
Vg 1
T\7 \ / ‘ /Tz
TG ':"':T T4‘:’T3
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in Formula 2A may be a group represented by one of Formulae CY2(1) to CY2(6), and may satisfy one of Conditions
3-1 to 3-9.

[0131]
[0132]
[0133]
[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]

Condition 3-1: each of Ty¢ to Tog in Formulae CY2(1) to CY2(6) is not N.

Condition 3-2: Tog in Formulae CY2(1) to CY2(6) is N.

Condition 3-3: Tz in Formulae CY2(1) to CY2(6) is N.

Condition 3-4: T,g in Formulae CY2(1) to CY2(6) is N.

Condition 3-5: T, in Formulae CY2(1) to CY2(6) is N.

Condition 3-6: T,, in Formulae CY2(1), CY2(3), CY2(4), and CY2(6) is N.

Condition 3-7: To3 in Formulae CY2(1) and CY2(6) is N.

Condition 3-8: Ty, in Formulae CY2(2) and CY2(5) is N.

Condition 3-9: T, in Formulae CY2(2) to CY2(5) is N.

In one or more embodiments, a group represented by Formula CY2(1) may be a group represented by one of

Formulae CY2(1)-1to CY2(1)-4, agroup represented by Formula CY2(2) may be a group represented by one of Formulae
CY2(2)-1to CY2(2)-4, a group represented by Formula CY2(3) may be a group represented by one of Formulae CY2(3)-
1 to CY2(3)-3, a group represented by Formula CY2(4) may be a group represented by one of Formulae CY2(4)-1 to
CY2(4)-3, a group represented by Formula CY2(5) may be a group represented by one of Formulae CY2(5)-1 to CY2(5)-
4, and a group represented by Formula CY2(6) may be a group represented by one of Formulae CY2(6)-1 to CY2(6)-4:

‘Rﬂ!a)aa

S ¥

T
er 2,: 23

CY2(2)-1 cY2(2)-2 ¢Y2(2)-3
E1]
P11
¥
Tzq/ l E1ll
T _TH ol
Xz 17 |
a— \ T24
Tza\ //Tzs X21
{ C¥aa Ty " (Ridadaa
A . K \ .
T To7 ., CYZBa :
(R10a)aa (Rma)aa -“- ..... d
CY2(3)-1 CY2(3)-2 CY2(3}-3
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{Ri0alas CY2(4)-1 {R1ga)aa

*W

NNaen,
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wherein, in Formulae CY2(1)-1 to CY2(1)-4, CY2(2)-1 to CY2(2)-4, CY2(3)-1 to CY2(3)-3, CY2(4)-1 to CY2(4)-3,

CY2(5)-1 to CY2(5)-4, and CY2(6)-1 to CY2(6)-4,

T,1to Tog, X5q, ™", @and *’ are respectively the same as those described in connection with Formulae CY2(1) to CY2(6),
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ring CY,o, may be a C5-Cy carbocyclic group or a C4-Czq heterocyclic group,

R105 is the same as R4q, described herein, and
aa may be an integer from 0 to 10.

[0141] Forexample, ring CY,,, may be a cyclohexane group, a norbornane group, a benzene group, or a naphthalene

group.

[0142] In one or more embodiments, a group represented by
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wherein, in Formulae CY2-1-1 to CY2-1-65, CY2-2-1 to CY2-2-65, CY2-3-1 to CY2-3-65, CY2-4-1 to CY2-4-65,
CY2-5-1 to CY2-5-65, CY2-6-1 to CY2-6-65, and CY2-1-1N to CY2-1-25N,

Xo1 is the same as X,4 described herein,

Z,4 to Z,g are each the same as described in connection with Z,, wherein Z,, to Z,g may each not be hydrogen,
Ar,, to Ar,g are each the same as described in connection with Ar,,

*" indicates a binding site to ring CY in Formula 2A, and

* indicates a binding site to M in Formula 1.

[0143] In one or more embodiments, a group represented by

X214
T m—
(22)a2~?‘,"8\‘(\~ A /
2 X o
\ \
Ter” N\ =T, (Ar2)az

in Formula 2A may be a group represented by Formula CY2-1-25 or CY2-1-21N.
[0144] In one or more embodiments, a group represented by

in Formula 2B may be a group represented by one of Formulae CY14-1 to CY14-64:
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wherein, in Formulae CY14-1 to CY14-64,
X144 may be O, S, N, C, or Si,
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*" indicates a binding site to a carbon atom of a neighboring pyridine ring in Formula 2B,

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

each of carbon and X4, in Formulae CY14-1 to CY14-64 may be unsubstituted or substituted with R, as described

herein.

[0145] Alternatively, in Formulae CY14-1 to CY14-64,

X144 May be O, S, N(Ry44); C(Ry45)(Ry4p), or Si(Rq45)(Rq4p),

R4 @and Ry,, may each independently be the same as described for R4 herein,

*" indicates a binding site to a carbon atom of a neighboring pyridine ring in Formula 2B,

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

carbon(s) in Formulae CY14-1 to CY14-64 may be unsubstituted or substituted with R4 as described herein.

[0146]
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5 or o &

CY14(58) CY14(59) CY14{80) cY14(81) CY14(62)

*AF

CY14(63)

wherein, in Formulae CY14(1) to CY14(63),

R4 to Ry44 are each the same as described in connection with of Ry4, wherein R4, to Ry44 may each not be
hydrogen,

X14 may be C(Ry)(Ry), N(Ry), O, S, or Si(Ry)(Ry),

R to Rg are each the same as described in connection with R4,

*" indicates a binding site to a carbon atom of a neighboring pyridine ring in Formula 2B, and

* indicates a binding site to M in Formula 1.

[0147] In one or more embodiments, the number of silicon (Si) atoms in the first compound represented by Formula
1 may be 1 or 2.

[0148] In one or more embodiments, the first compound represented by Formula 1 may be one of Compounds 1 to
5140 of Group A, one of Compounds 661 to 800, 1001 to 1280, and 1381 to 1620 of Group B, or one of Compounds
1-1 to 1-5 of Group C:
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[0149] In an embodiment, Lg, in Formula 5 may be a benzene group, a naphthalene group, a phenanthrene group, a
dibenzofuran group, a dibenzothiophene group, a naphthobenzofuran group, a naphthobenzothiophene group, a di-
naphthofuran group, or a dinaphthothiophene group, each unsubstituted or substituted with at least one R4q,, and

e51 in Formula 5 may be 1, 2, or 3.

[0150] Inone or more embodiments, Lg4 in Formula 5 may be a benzene group, a naphthalene group, a phenanthrene
group, a dibenzofuran group, a dibenzothiophene group, a naphthobenzofuran group, a naphthobenzothiophene group,
a dinaphthofuran group, a dinaphthothiophene group, a fluorene group, a spirobifluorene group, a benzofluorene group,
or a dibenzofluorene group, each unsubstituted or substituted with at least one R,,, and at least one of Lg,(s) in the
number of e61 may be a fluorene group, a spirobifluorene group, a benzofluorene group, or a dibenzofluorene group.
[0151] In this regard, R4o, may be:

hydrogen, deuterium, -F, or a cyano group;

a C4-C,q alkyl group unsubstituted or substituted with deuterium, -F, a cyano group, or any combination thereof; or
a phenyl group or a biphenyl group, each unsubstituted or substituted with deuterium, -F, a cyano group, a C4-Cy
alkyl group, a deuterated C4-C, alkyl group, a fluorinated C4-C, alkyl group, a phenyl group, a deuterated phenyl
group, a fluorinated phenyl group, a (C4-C,q alkyl)phenyl group, a biphenyl group, a deuterated biphenyl group, a
fluorinated biphenyl group, a (C4-Cyq alkyl)biphenyl group, or any combination thereof.

[0152] In one or more embodiments, e61 in Formula 5 may be 1.
[0153] In one or more embodiments, the second compound may be a compound represented by Formula 5A:
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Formula 5A
(R71)a71

-
|
(Ls1)es1—Rs;4
R72\ /(/—YQN /
N

(Re3)a63

wherein, in Formula 5A,

Ls1, €51, Rgq, Rgq, Ry 10 Ry3, @71, and a73 are respectively the same as those described herein,
Rgo and Rg4 are each the same as described in connection with R4, and

a63 may be an integer from 0 to 7.

[0154] In one or more embodiments, the second compound may be a compound represented by Formula 5-1 or 5-2:

Formula 5-1

(R71)a71

(Re3)as3
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Formula 5-2

(R71)ar

(R73)
Telars (Rga)asa

(Re3)as3

wherein, in Formulae 5-1 and 5-2,

Ls¢, €51, Rgq, Rgq, Ry to Ry3, @71, and a73 are respectively the same as those described herein,
Re. to Rg,4 are each the same as described in connection with R4q,,

a63 may be an integer from 0 to 7, and

ab4 may be an integer from 0 to 8.

[0155] In one or more embodiments, a dipole moment of the second compound may be in a range of about 1.0 debye
to about 5.0 debye, about 1.0 debye to about 4.5 debye, about 1.0 debye to about 4.0 debye, about 1.0 debye to about
3.5 debye, about 1.0 debye to about 3.0 debye, about 1.0 debye to about 2.5 debye, about 1.5 debye to about 5.0 debye,
about 1.5 debye to about 4.5 debye, about 1.5 debye to about 4.0 debye, about 1.5 debye to about 3.5 debye, about
1.5 debye to about 3.0 debye, about 1.5 debye to about 2.5 debye, about 2.0 debye to about 5.0 debye, about 2.0 debye
to about 4.5 debye, about 2.0 debye to about 4.0 debye, about 2.0 debye to about 3.5 debye, about 2.0 debye to about
3.0 debye, or about 2.0 debye to about 2.5 debye. When the dipole moment of the second compound is within the range
described above, the hardness of a buffer layer may be improved, thereby improving the hole transport ability of the
buffer layer, and thus, the luminescence efficiency and lifespan of an organic light-emitting device using the buffer layer
may be improved.

[0156] The "dipole moment" as used herein may be evaluated based on density functional theory (DFT).

[0157] In one or more embodiments, the second compound represented by Formula 5 may be one of Compounds

© © o
¥ oaooe
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[0158] In the light-emitting device including the emission layer and the buffer layer as described herein, wherein the
emission layer and the buffer layer include the first compound represented by Formula 1 and the second compound
represented by Formula 5, respectively, and the buffer layer is in direct contact with the emission layer, holes may be
smoothly transported from the buffer layer to the emission layer, and thus, the driving voltage of the light-emitting device
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may be reduced, and the charge balance with respect to injection of holes and electrons, i.e., the hole-electron charge
balance, in the light-emitting device may be improved. Accordingly, the stability of the light-emitting device may be
improved, and thus, the luminescence efficiency and lifespan of the light-emitting device may be improved at the same
time.

[0159] The emission layer of the light-emitting device may further include, in addition to the first compound, a host
that s different from the first compound. That is, the first compound may act as a dopant or an emitter in the emission layer.
[0160] The host may be a hole-transporting compound, an electron-transporting compound, a bipolar compound, or
any combination thereof. The hole-transporting compound, the electron-transporting compound, and the bipolar com-
pound may be different from each other.

[0161] For example, the host may include the hole-transporting compound.

[0162] Inoneormore embodiments, the hostmay include the hole-transporting compound and the electron-transporting
compound.

[0163] The hole-transporting compound may not include an electron-transporting group.

[0164] The "electron-transporting group" as used herein may be, forexample, a n-electron deficient nitrogen-containing
cyclic group, a cyano group, a phosphine oxide group, a sulfoxide group, or the like.

[0165] The "n-electron deficient nitrogen-containing cyclic group” as used herein may be a C4-Cg heterocyclic group
which has, as a ring-forming moiety, at least one *-N=*" moiety. Examples of the n-electron deficient nitrogen-containing
cyclic group may include a triazine group, an imidazole group, and the like.

[0166] For example, the hole-transporting compound may include a carbazole group.

[0167] The electron-transporting compound may include at least one electron-transporting group.

[0168] For example, the electron-transporting compound may include a triazine group.

[0169] In an embodiment, the electron-transporting compound may include a triazine group and a carbazole group.
[0170] In one or more embodiments, the electron-transporting compound may include a triazine group, a carbazole
group, and a dibenzofuran group.

[0171] In one or more embodiments, the electron-transporting compound may include a triazine group, a carbazole
group, and a dibenzothiophene group.

[0172] In one or more embodiments, the electron-transporting compound may include a triazine group and an indolo-
carbazole group.

[0173] An amount (for example, a weight) of the host may be greater than an amount (for example, a weight) of the
first compound.

[0174] In an embodiment, the emission layer may further include a host, and the host in the emission layer may not
include the same compound as the second compound included in the buffer layer.

[0175] In one or more embodiments, the emission layer may further include a host, the host may include the hole-
transporting compound, and an absolute value of a highest occupied molecular orbital (HOMO) energy level of the
second compound included in the buffer layer may be smaller than an absolute value of a HOMO energy level of the
hole-transporting compound included in the host.

[0176] In one or more embodiments, the emission layer may further include a host, the host may include the hole-
transporting compound, and a difference between an absolute value of a HOMO energy level of the second compound
included in the buffer layer and an absolute value of a HOMO energy level of the hole-transporting compound included
in the host may be 0.25 eV or less, for example, in a range of about 0 eV to about 0.25 eV, about 0 eV to about 0.23
eV, about 0 eV to about 0.20 eV, about 0.05 eV to about 0.25 eV, about 0.05 eV to about 0.23 eV, about 0.05 eV to
about 0.20 eV, about 0.1 eV to about 0.25 eV, about 0.1 eV to about 0.23 eV, or about 0.1 eV to about 0.20 eV. When
the difference between the absolute values of the HOMO energy levels of the second compound in the buffer layer and
the hole-transporting compound in the host is within the range described above, a hole-trap phenomenon may be
relatively reduced, and thus, the luminescence efficiency and lifespan of the light-emitting device may be improved.
[0177] In one or more embodiments, the emission layer may emit green light.

[0178] In one or more embodiments, the emission layer may emit green light having a maximum emission wavelength
(or emission peak wavelength) in a range of about 500 nm to about 560 nm.

[0179] In one or more embodiments, the light-emitting device may further include a hole transport layer arranged
between the first electrode and the buffer layer, the hole transport layer may be in direct contact with the buffer layer,
and the hole transport layer may include a third compound, wherein the third compound may be different from the second
compound included in the buffer layer.

[0180] For example, an absolute value of a HOMO energy level of the second compound included in the buffer layer
may be greater than an absolute value of a HOMO energy level of the third compound included in the hole transport layer.
[0181] For example, a difference between the absolute value of the HOMO energy level of the second compound and
the absolute value of the HOMO energy level of the third compound may be in a range of about 0 eV to about 0.20 eV,
about 0 eV to about 0.15 eV, about 0 eV to about 0.10 eV, about 0.05 eV to about 0.20 eV, about 0.05 eV to about 0.15
eV, or about 0.05 eV to about 0.10 eV. When the difference between the absolute values of the HOMO energy levels
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of the second compound and the third compound is within the range described above, the hole transport ability of the
light-emitting device may be improved.

[0182] In an embodiment, the third compound may be a compound represented by Formula 201 described herein.
[0183] The "HOMO energy level" as used herein may be a negative value that is evaluated based on DFT.

[0184] Inoneormore embodiments, the bufferlayer may notinclude a p-dopant. The p-dopant is the same as described
herein.

[0185] In one or more embodiments, the buffer layer may consist of the second compound as described herein.
[0186] In one or more embodiments, in the light-emitting device, the first electrode may be an anode, the second
electrode may be a cathode, and the light-emitting device may further include an electron transport region arranged
between the emission layer and the second electrode. The electron transport region may include a hole blocking layer,
an electron transport layer, an electron injection layer, or any combination thereof.

[0187] FIG. 1 schematically illustrates a cross-sectional view of an organic light-emitting device 10, which is a light-
emitting device according to an embodiment of the present disclosure. Hereinafter, the structure and manufacturing
method of the organic light-emitting device 10 according to an embodiment of the present disclosure will be described
with reference to FIGURE. The organic light-emitting device 10 may have a structure in which a first electrode 11, a hole
transport layer 13, a buffer layer 14, an emission layer 15, an electron transport region 17, and a second electrode 19
are sequentially stacked.

[0188] A substrate may be additionally arranged under the first electrode 11 or above the second electrode 19. For
use as the substrate, any substrate that is used in organic light-emitting devices available in the art may be used, and
the substrate may be a glass substrate or a transparent plastic substrate, each having excellent mechanical strength,
thermal stability, transparency, surface smoothness, ease of handling, and water resistance.

[0189] The first electrode 11 may be, for example, formed by depositing or sputtering a material for forming the first
electrode 11 on the substrate. The first electrode 11 may be an anode. The material for forming the first electrode 11
may include materials with a high work function to facilitate hole injection. The first electrode 11 may be a reflective
electrode, a semi-transmissive electrode, or a transmissive electrode. The material for forming the first electrode 11 may
be indium tin oxide (ITO), indium zinc oxide (1ZO), tin oxide (SnO,), or zinc oxide (ZnO). In one or more embodiments,
the material for forming the first electrode 11 may be metal, such as magnesium (Mg), aluminum (Al), silver (Ag),
aluminum-lithium (Al-Li), calcium (Ca), magnesium-indium (Mg-In), or magnesium-silver (Mg-Ag).

[0190] The first electrode 11 may have a single-layered structure or a multi-layered structure including a plurality of
layers. For example, the first electrode 11 may have a three-layered structure of ITO/Ag/ITO.

[0191] The hole transport layer 13, the buffer layer 14, and the emission layer 15 are sequentially stacked on the first
electrode 11.

[0192] Although not shown in FIG. 1, a hole injection layer may be additionally arranged between the first electrode
11 and the hole transport layer 13.

[0193] In FIG. 1, the hole transport layer 13 and the buffer layer 14 may be in direct contact with each other, and the
buffer layer 14 and the emission layer 15 may be in direct contact with each other.

[0194] The hole injection layer, the hole transport layer 13, and/or the buffer layer 14 may be formed by using various
methods, such as vacuum deposition, spin coating, casting, Langmuir-Blodgett (LB) deposition, and the like.

[0195] When the hole injection layer, the hole transport layer 13, and/or the buffer layer 14 are formed by vacuum
deposition, the deposition conditions may vary depending on the structure and/or thermal stability of a compound to be
deposited. For example, the deposition conditions may include a deposition temperature in a range of about 100 °C to
about 500 °C, a vacuum pressure in a range of about 10-8 torr to about 10-3 torr, and a deposition rate in a range of
about 0.01 A/sec to about 100 A/sec.

[0196] When the hole injection layer, the hole transport layer 13, and/or the buffer layer 14 are formed by spin coating,
the coating conditions may vary depending on the structure and/or thermal stability of a compound to be coated. For
example, the coating conditions may include a coating rate in a range of about 2,000 rpm to about 5,000 rpm and a heat
treatment temperature in a range of about 80 °C to about 200 °C for removing a solvent after coating.

[0197] The hole injection layer and/or the hole transport layer 13 may include 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/dodecylbenzenesulfonic acid (PANI/DBSA), poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (PANI/CSA), polyaniline/poly(4-styrenesulfonate) (PANI/PSS), a com-
pound represented by Formula 201, a compound represented by Formula 202, or any combination thereof:

199



EP 4 236 660 A1

ylated NPB

meth

Spiro-TPD

0-
s

dos

2, .G
iol LGN

HMTPD

200



10

15

20

25

30

35

40

45

50

55

EP 4 236 660 A1

Formula 201

R
Rio1 108

\
N

Rqo7
Ryp2

R (Ars01)xa
103 28

_Rige

R1gs

Rios

(Arioz)xn

Formula 202
?121 R122
N N
/ \
Ri23 Ri24

[0198] Aryp4 and Aryq, in Formula 201 may each independently be a phenylene group, a pentalenylene group, an
indenylene group, a naphthylene group, an azulenylene group, a heptalenylene group, an acenaphthylene group, a
fluorenylene group, a phenalenylene group, a phenanthrenylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a chrysenylene group, a naphthacenylene group, a picenylene
group, a perylenylene group, or a pentacenylene group, each unsubstituted or substituted with deuterium, -F, -Cl, -Br,
- 1, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C4-Cgq alkyl group, a C»,-Cgq alkenyl group, a C,-Cgq alkynyl group, a C4-Cgq alkoxy group, a C5-C,4 cycloalkyl
group, a C5-C4( cycloalkenyl group, a C4-C, heterocycloalkyl group, a C,-C,, heterocycloalkenyl group, a C4-Cg aryl
group, a Cg-Cgqaryloxy group, a Cg-Cgq arylthio group, a C4-Cgq heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group, or any combination thereof.

[0199] xa and xb in Formula 201 may each independently be an integer from 0 to 5, or 0, 1, or 2. For example, xa
may be 1 and xb may be 0.

[0200] R;gq to Rypg Rqqq t0 Ryqg, @and Rypq to R4y, in Formulae 201 and 202 may each independently be:

hydrogen, deuterium, -F, -Cl, -Br, -I, a hydroxyl group, a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group or a
salt thereof, a phosphoric acid group or a salt thereof, a C4-Cq alkyl group (for example, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, etc.), or a C4-Cq alkoxy group (for example, a
methoxy group, an ethoxy group, a propoxy group, a butoxy group, a pentoxy group, etc.);
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a C,-C,q alkyl group or a C4-C, alkoxy group, each unsubstituted or substituted with deuterium, -F, -ClI, -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, or any combination thereof; or

a phenyl group, a naphthyl group, an anthracenyl group, a fluorenyl group, or a pyrenyl group, each unsubstituted
or substituted with deuterium, - F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a C4-C, alkyl group, a C4-Cq alkoxy group, or any
combination thereof.

[0201] R;qgin Formula 201 may be a phenyl group, a naphthyl group, an anthracenyl group, or a pyridinyl group, each
unsubstituted or substituted with deuterium, -F, -Cl, -Br, -1, a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt thereof, a C4-C,q alkyl group, a C4-C,q alkoxy group, a
phenyl group, a naphthyl group, an anthracenyl group, a pyridinyl group, or any combination thereof.

[0202] In an embodiment, the compound represented by Formula 201 may be represented by Formula 201A:

Formula 201A

R1o1
\
N

_Riog

wherein, in Formula 201A, R4, Rq11, R112, and Ryqg are respectively

the same as those described herein.

[0203] For example, the hole injection layer and/or the hole transport layer 13 may include one of Compounds HT1
to HT20 or any combination thereof:
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HT19 HT20

[0204] A thickness of the hole injection layer and a thickness of the hole transport layer 13 may each be in a range of
about 100 A to about 10,000 A, for example, about 100 A to about 2,000 A. When the thicknesses of the hole injection
layer and the hole transport layer 13 are each in the range described above, satisfactory hole transporting characteristics
may be obtained without a substantial increase in driving voltage.

[0205] At least one of the hole injection layer and the hole transport layer 13 may further include, in addition to the
materials described above, a charge-generation material for improving conductive properties. The charge-generation
material may be homogeneously or non-homogeneously dispersed in the hole transport region.

[0206] The charge-generation material may be, for example, a p-dopant. The p-dopant may be a quinone derivative,
a metal oxide, a cyano group-containing compound, or any combination thereof. For example, the p-dopant may be: a
quinone derivative such as tetracyanoquinonedimethane (TCNQ), 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoquinoned-
imethane (F4-TCNQ), or F6-TCNNQ; metal oxide, such as tungsten oxide and molybdenum oxide; a cyano group-
containing compound, such as Compound HT-D1; or any combination thereof:
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[0207] The buffer layer 14 may include the second compound represented by Formula 5 as described herein.
[0208] A thickness of the buffer layer 14 may be in a range of about 100 A to about 5,000 A, for example, about 100
A to about 1,500 A. When the thickness of the buffer layer 14 is within the range described above, satisfactory hole
transporting characteristics may be obtained without a substantial increase in driving voltage.

[0209] The emission layer 15 may include a host and a dopant, and the dopant may include the first compound
represented by Formula 1 as described herein.

[0210] The host may include, for example, TPBi, TBADN, ADN (also referred to as "DNA"), CBP, CDBP, TCP, mCP,
Compound H50, Compound H51, Compound H52, Compound H-H1, Compound H-E43, or any combination thereof:

TPBi TBADN ADN
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[0211] When the emission layer 15 includes a host and a dopant, an amount of the dopant may be in a range of about
0.01 part by weight to about 15 parts by weight based on 100 parts by weight of the host.

[0212] A thickness of the emission layer 15 may be in a range of about 100 A to about 1,000 A, for example, about
200 A to about 1,000 A. When the thickness of the emission layer 15 is within the range described above, excellent light-
emission characteristics may be obtained without a substantial increase in driving voltage.

[0213] Next, the electron transport region 17 may be arranged on the emission layer 15.

[0214] The electron transport region 17 may include a hole blocking layer, an electron transport layer, an electron
injection layer, or any combination thereof.

[0215] For example, the electron transport region 17 may have a hole blocking layer/electron transport layer/electron
injection layer structure or an electron transport layer/electron injection layer structure. The electron transport layer may
have a single-layered structure or a multi-layered structure including two or more different materials.

[0216] Conditions for forming the hole blocking layer, the electron transport layer, and the electron injection layer which
constitute the electron transport region 17 may be the same as the conditions for forming the hole injection layer.
[0217] When the electron transport region 17 includes a hole blocking layer, the hole blocking layer may include, for
example, BCP, Bphen, BAlq, or any combination thereof:
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[0218] A thickness of the hole blocking layer may be in a range of about 20 A to about 1,000 A, for example, about
30 A to about 600 A. When the thickness of the hole blocking layer is within the range described above, excellent hole

BCP

Bphen

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

[0219] The electron transportlayer may include BCP, Bphen, TPBi, Alqs, BAlq, TAZ, NTAZ, or any combination thereof:

Alq:;

NN

[0220] In one or more embodiments, the electron transport layer may include one of Compounds ET1 to ET25 or any

combination the
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[0221] A thickness of the electron transport layer may be in a range of about 100 A to about 1,000 A, for example,
about 150 A to about 500 A. When the thickness of the electron transport layer is within the range described above,
satisfactory electron transporting characteristics may be obtained without a substantial increase in driving voltage.
[0222] The electron transport layer may include, in addition to the materials described above, a metal-containing
material.

[0223] The metal-containing material may include a Li complex. The Li complex may include, for example, Compound
ET-D1 or ET-D2:

ET-D1 ET-D2

[0224] The electron transport region 17 may include an electron injection layer that facilitates electron injection from
the second electrode 19.

[0225] The electron injection layer may include LiF, NaCl, CsF, Li,O, BaO, or any combination thereof.

[0226] A thickness of the electron injection layer may be in a range of about 1 A to about 100 A, for example, about
3 A to about 90 A. When the thickness of the electron injection layer is within the range described above, satisfactory
electron injection characteristics may be obtained without a substantial increase in driving voltage.

[0227] The second electrode 19 may be arranged on the electron transport region 17. The second electrode 19 may
be a cathode. A material for forming the second electrode 19 may be metal, an alloy, an electrically conductive compound,
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or a combination thereof, which have a relatively low work function. Examples of the material for forming the second
electrode 19 may include lithium (Li), magnesium (Mg), aluminum (Al), aluminum-lithium (Al-Li), calcium (Ca), magne-
sium-indium (Mg-In), and magnesium-silver (Mg-Ag). In one or more embodiments, to manufacture a top-emission type
light-emitting device, a transmissive electrode formed using ITO or IZO may be used as the second electrode 19.
[0228] Hereinbefore, the organic light-emitting device 10 has been described with reference to FIGURE, but embod-
iments of the present disclosure are not limited thereto.

[0229] According to another aspect, the light-emitting device as described herein may be included in an electronic
apparatus. Thus, an electronic apparatus including the light-emitting device is provided. The electronic apparatus may
include, for example, a display, an illumination, a sensor, and the like.

[0230] The term "C4-Cgq alkyl group" as used herein refers to a linear or branched saturated aliphatic hydrocarbons
monovalent group having 1 to 60 carbon atoms, and the term "C4-Cg alkylene group" as used here refers to a divalent
group having the same structure as the C4-Cg alkyl group.

[0231] Examples of the C,-Cg alkyl group, the C4-C, alkyl group, and/or the C,-C, alkyl group may include a methyl
group, an ethyl group, an n-propyl group, an isopropy! group, an n-butyl group, a sec-butyl group, an isobutyl group, a
tert-butyl group, an n-pentyl group, a tert-pentyl group, a neopentyl group, an isopentyl group, a sec-pentyl group, a 3-
pentyl group, a sec-isopentyl group, an n-hexyl group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, an n-
heptyl group, an isoheptyl group, a sec-heptyl group, a tert-heptyl group, an n-octyl group, an isooctyl group, a sec-octyl
group, a tert-octyl group, an n-nonyl group, an isononyl group, a sec-nonyl group, a tert-nonyl group, an n-decyl group,
an isodecyl group, a sec-decyl group, or a tert-decyl group, each unsubstituted or substituted with a methyl group, an
ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl group, a tert-butyl
group, an n-pentyl group, a tert-pentyl group, a neopentyl group, an isopentyl group, a sec-pentyl group, a 3-pentyl
group, a sec-isopentyl group, an n-hexyl group, an isohexyl group, a sec-hexyl group, a tert-hexyl group, an n-heptyl
group, an isoheptyl group, a sec-heptyl group, a tert-heptyl group, an n-octyl group, an isooctyl group, a sec-octyl group,
a tert-octyl group, an n-nonyl group, an isononyl group, a sec-nonyl group, a tert-nonyl group, an n-decyl group, an
isodecyl group, a sec-decyl group, a tert-decyl group, or any combination thereof. For example, Formula 9-33 is a
branched Cg alkyl group, and an example thereof is a tert-butyl group that is substituted with two methyl groups.
[0232] The term "C4-Cgq alkoxy group” as used herein refers to a monovalent group represented by -OA,q4 (wherein
A4p4 is the C4-Cgq alkyl group), and examples thereof include a methoxy group, an ethoxy group, a propoxy group, a
butoxy group, and a pentoxy group.

[0233] The term "C,-Cgq alkenyl group” as used herein refers to a hydrocarbon group formed by substituting at least
one carbon-carbon double bond in the middle or at the terminus of the C,-Cg alkyl group, and examples thereof include
an ethenyl group, a propenyl group, and a butenyl group. The term "C,-Cg alkenylene group" as used herein refers to
a divalent group having the same structure as the C,-Cgq alkenyl group.

[0234] The term "C,-Cgq alkynyl group” as used herein refers to a hydrocarbon group formed by substituting at least
one carbon-carbon triple bond in the middle or at the terminus of the C,-Cg alkyl group, and examples thereof include
an ethynyl group and a propynyl group. The term "C,-Cg alkynylene group" as used herein refers to a divalent group
having the same structure as the C,-Cgq alkynyl group.

[0235] The term "C5-C4q cycloalkyl group” as used herein refers to a monovalent saturated hydrocarbon cyclic group
having 3 to 10 carbon atoms, and the term "C3-C, cycloalkylene group" as used herein refers to a divalent group having
the same structure as the C5-C,( cycloalkyl group.

[0236] Examples of the C5-C4( cycloalkyl group may include a cyclopropyl group, a cyclobutyl group, a cyclopentyl,
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, an adamantanyl group, a norbornanyl group (or a bicyclo[2.2.1]
heptyl group), a bicyclo[1.1.1]pentyl group, a bicyclo[2.1.1]hexyl group, and a bicyclo[2.2.2]octyl group.

[0237] The term "C4-C4q heterocycloalkyl group” as used herein refers to a monovalent saturated cyclic group that
includes at least one heteroatom selected from N, O, P, Si, S, Se, Ge, and B as a ring-forming atom and 1 to 10 carbon
atoms, and the term "C,-C, heterocycloalkylene group" as used herein refers to a divalent group having the same
structure as the C4-C, heterocycloalkyl group.

[0238] Examplesofthe C4-C,, heterocycloalkyl group may include a silolanyl group, a silinanyl group, tetrahydrofuranyl
group, a tetrahydro-2H-pyranyl group, and a tetrahydrothiophenyl! group.

[0239] The term "C5-C4q cycloalkenyl group” as used herein refers to a monovalent cyclic group that includes 3 to 10
carbon atoms and at least one carbon-carbon double bond in the ring thereof and has no aromaticity, and examples
thereof include a cyclopentenyl group, a cyclohexenyl group, and a cycloheptenyl group. The term "C5-C4, cycloalke-
nylene group" as used herein refers to a divalent group having the same structure as the C5-C,, cycloalkenyl group.
[0240] The term "C,-C, heterocycloalkenyl group" as used herein refers to a monovalent cyclic group that includes
at least one heteroatom selected from N, O, P, Si, S, Se, Ge, and B as a ring-forming atom, 1 to 10 carbon atoms, and
at least one carbon-carbon double bond in the ring thereof. Examples of the C,-C4, heterocycloalkenyl group include a
2,3-dihydrofuranyl group and a 2,3-dihydrothiophenyl group. The term "C,-C,, heterocycloalkenylene group" as used
herein refers to a divalent group having the same structure as the C,-C, heterocycloalkenyl group.
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[0241] Theterm "C4-Cqq aryl group” as used herein refers to a monovalent group that includes a carbocyclic aromatic
system having 6 to 60 carbon atoms, and the term "Cg-Cg arylene group” as used herein refers to a divalent group that
includes a carbocyclic aromatic system having 6 to 60 carbon atoms. Examples of the Cg-Cgq aryl group include a phenyl
group, a naphthyl group, an anthracenyl group, a phenanthrenyl group, a pyrenyl group, and a chrysenyl group. When
the C4-Cgq aryl group and the C4-Cg arylene group each include two or more rings, the two or more rings may be fused
to each other.

[0242] The term "C,-Cgq alkylaryl group" as used herein refers to a C4-Cgq aryl group substituted with at least one
C4-Cg alkyl group.

[0243] The term "C4-Cgq heteroaryl group” as used herein refers to a monovalent group that includes a cyclic aromatic
system having at least one heteroatom selected from N, O, P, Si, S, Se, Ge, and B as a ring-forming atom and 1 to 60
carbon atoms, and the term "C4-Cg heteroarylene group" as used herein refers to a divalent group that includes a cyclic
aromatic system having at least one heteroatom selected from N, O, P, Si, S, Se, Ge, and B as a ring-forming atom and
1 to 60 carbon atoms. Examples of the C4-Cg 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¢-Cgq heteroaryl
group and the Cg-Cg heteroarylene group each include two or more rings, the two or more rings may be fused to each
other.

[0244] The C,-Cgq alkylheteroaryl group used herein refers to a C4-Cgq heteroaryl group substituted with at least one
C4-Cgg alkyl group.

[0245] The term "Cg-Cgq aryloxy group” as used herein indicates -OA, o, (Wherein A, is the Cg-Cgq aryl group), the
term "Cg-Cgq arylthio group" as used herein indicates - SAg3 (Wherein A4q3 is the Cg-Cgq aryl group), and the term
"C4-Cgp alkylthio group" as used herein indicates -SA 4 (Wherein A,q, is the C4-Cgq alkyl group).

[0246] The term "monovalent non-aromatic condensed polycyclic group" as used herein refers to a monovalent group
(for example, having 8 to 60 carbon atoms) having two or more rings condensed to each other, only carbon atoms as
ring-forming atoms, and no aromaticity in its entire molecular structure. Examples of the monovalent non-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 the same structure as the monovalent non-aromatic condensed polycyclic
group.

[0247] The term "monovalent non-aromatic condensed heteropolycyclic group" as used herein refers to a monovalent
group (for example, having 1 to 60 carbon atoms) having two or more rings condensed to each other, a heteroatom
selected from N, O, P, Si, S, Se, Ge, and B, other than carbon atoms, as a ring-forming atom, and no aromaticity in its
entire molecular structure. Examples of the monovalent non-aromatic condensed heteropolycyclic group include a car-
bazolyl group. The term "divalent non-aromatic condensed heteropolycyclic group" as used herein refers to a divalent
group having the same structure as the monovalent non-aromatic condensed heteropolycyclic group.

[0248] The term "Cg-C5, carbocyclic group” as used herein refers to a saturated or unsaturated cyclic group having,
as a ring-forming atom, 5 to 30 carbon atoms only. The C5-C5, carbocyclic group may be a monocyclic group or a
polycyclic group. Examples of the "C5-C5, carbocyclic group (unsubstituted or substituted with at least one Ry, (or at
least one Z;))" as used herein may include an adamantane group, a norbornene group, a bicyclo[1.1.1]pentane group,
a bicyclo[2.1.1]hexane group, a bicyclo[2.2.1]heptane(norbornane) group, a bicyclo[2.2.2]octane group, a cyclopentane
group, a cyclohexane group, a cyclohexene group, a benzene group, a naphthalene group, an anthracene group, a
phenanthrene group, a triphenylene group, a pyrene group, a chrysene group, a 1,2,3,4-tetrahydronaphthalene group,
a cyclopentadiene group, and a fluorene group (each unsubstituted or substituted with at least one R, (or at least one
Zy))-

[0249] The term "C4-C3q heterocyclic group” as used herein refers to a saturated or unsaturated cyclic group having,
as a ring-forming atom, at least one heteroatom selected from N, O, P, Si, S, Se, Ge, and B other than 1 to 30 carbon
atoms. The C4-C;3( heterocyclic group may be a monocyclic group or a polycyclic group. Examples of the "C4-Cj,
heterocyclic group (unsubstituted or substituted with at least one Ryq, (or at least one Z,))" as used herein may include
a thiophene group, a furan group, a pyrrole group, a silole group, a borole group, a phosphole group, a selenophene
group, a germole group, a benzothiophene group, a benzofuran group, an indole group, a benzosilole group, a ben-
zoborole group, a benzophosphole group, a benzoselenophene group, a benzogermole group, a dibenzothiophene
group, a dibenzofuran group, a carbazole group, a dibenzosilole group, a dibenzoborole group, a dibenzophosphole
group, a dibenzoselenophene group, a dibenzogermole group, a dibenzothiophene 5-oxide group, a 9H-fluoren-9-one
group, a dibenzothiophene 5,5-dioxide group, an azabenzothiophene group, an azabenzofuran group, an azaindole
group, an azaindene group, an azabenzosilole group, an azabenzoborole group, an azabenzophosphole group, an
azabenzoselenophene group, an azabenzogermole group, an azadibenzothiophene group, an azadibenzofuran group,
an azacarbazole group, an azafluorene group, an azadibenzosilole group, an azadibenzoborole group, an azadibenz-
ophosphole group, an azadibenzoselenophene group, an azadibenzogermole group, an azadibenzothiophene 5-oxide
group, an aza-9H-fluoren-9-one group, an azadibenzothiophene 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
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quinazoline group, a phenanthroline 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, abenzimidazole group, a benzoxazole 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 (each unsubstituted or substituted
with at least one R, (or at least one Z;)).

[0250] Examples of the "Cs-Cj carbocyclic group” and "C4-Cs, heterocyclic group” as used herein include i) a first
ring, ii) a second ring, iii) a condensed ring in which two or more first rings are condensed with each other, iv) a condensed
ring in which two or more second rings are condensed with each other, or v) a condensed ring in which at least one first
ring is condensed with at least one second ring,

the first ring may be a cyclopentane group, a cyclopentene group, a furan group, a thiophene group, a pyrrole group,
a silole group, a borole group, a phosphole group, a germole group, a selenophene group, an oxazole group, an
isoxazole group, an oxadiazole group, an oxatriazole group, a thiazole group, an isothiazole group, a thiadiazole
group, a thiatriazole group, a pyrazole group, an imidazole group, a triazole group, a tetrazole group, an azasilole
group, a diazasilole group, or a triazasilole group, and

the second ring may be an adamantane group, a norbornane group, a norbornene group, a cyclohexane group, a
cyclohexene group, a benzene group, a pyridine group, a pyrimidine group, a pyrazine group, a pyridazine group,
or a triazine group.

[0251] The terms "fluorinated C4-Cgq alkyl group (or a fluorinated C4-C,q alkyl group or the like)", "fluorinated C5-C
cycloalkyl group”, "fluorinated C4-C,q heterocycloalkyl group," and "fluorinated phenyl group” respectively indicate a
C4-Cg alkyl group (or a C4-Cyq alkyl group or the like), a C5-C4 cycloalkyl group, a C4-C4 heterocycloalkyl group, and
a phenyl group, each substituted with at least one fluoro group (-F). For example, the term "fluorinated C, alkyl group
(thatis, a fluorinated methyl group)" includes -CF 5, -CF,H, and -CFH,. The "fluorinated C4-Cgq alkyl group (or a fluorinated
C4-C,q alkyl group or the like)", "the fluorinated C3-C4q cycloalkyl group”, "the fluorinated C4-C4q heterocycloalkyl group”,
or "the fluorinated a phenyl group” may be i) a fully fluorinated C4-Cg alkyl group (or a fully fluorinated C4-Cyq alkyl
group or the like), a fully fluorinated C5-C,q cycloalkyl group, a fully fluorinated C4-C,q heterocycloalkyl group, or a fully
fluorinated phenyl group, wherein, in each group, all hydrogen included therein is substituted with a fluoro group, or ii)
a partially fluorinated C4-Cg alkyl group (or a partially fluorinated C4-C, alkyl group or the like), a partially fluorinated
C5-C,( cycloalkyl group, a partially fluorinated C,-C,, heterocycloalkyl group, or a partially fluorinated phenyl group,
wherein, in each group, all hydrogen included therein is not substituted with a fluoro group.

[0252] The terms "deuterated C4-Cgq alkyl group (or a deuterated C4-C,q alkyl group or the like)", "deuterated C5-C
cycloalkyl group”, "deuterated C4-C4 heterocycloalkyl group," and "deuterated phenyl group" respectively indicate a
C4-Cg alkyl group (or a C4-Cyq alkyl group or the like), a C5-C4 cycloalkyl group, a C4-C4 heterocycloalkyl group, and
a phenyl group, each substituted with at least one deuterium. For example, the "deuterated C, alkyl group (that is, the
deuterated methyl group)” may include - CD3, -CD,H, and -CDH,, and examples of the "deuterated C5-C,, cycloalkyl
group" are, for example, Formula 10-501 and the like. The "deuterated C4-Cgq alkyl group (or the deuterated C4-Cy
alkyl group or the like)", "the deuterated C5-C4, cycloalkyl group”, "the deuterated C4-Cq heterocycloalkyl group”, or
"the deuterated phenyl group"” may be i) a fully deuterated C4-Cgq alkyl group (or a fully deuterated C4-C, alkyl group
or the like), a fully deuterated C5-C,q cycloalkyl group, a fully deuterated C,-C4, heterocycloalkyl group, or a fully
deuterated phenyl group, in which, in each group, all hydrogen included therein is substituted with deuterium, or ii) a
partially deuterated C,-Cg, alkyl group (or a partially deuterated C4-C,, alkyl group or the like), a partially deuterated
C,5-Cy cycloalkyl group, a partially deuterated C4-C,q heterocycloalkyl group, or a partially deuterated phenyl group, in
which, in each group, all hydrogen included therein is not substituted with deuterium.

[0253] The term "(C4-Cyq alkyl) "X’ group” as used herein refers to a ’X’ group that is substituted with at least one
C4-Cy alkyl group. For example, the term "(C4-Cy,q alkyl)C3-C4q cycloalkyl group" as used herein refers to a C5-Cy
cycloalkyl group substituted with at least one C4-C, alkyl group, and the term "(C,-C,, alkyl)phenyl group" as used
herein refers to a phenyl group substituted with at least one C,-C, alkyl group. An example of a (C, alkyl) phenyl group
is a toluyl group.

[0254] As used herein, the number of carbons in each group that is substituted (e.g., C4-Cgg) excludes the number of
carbons in the substituent. For example, a C{-Cg alkyl group can be substituted with a C4-Cgq alkyl group. The total
number of carbons included in the C4-Cgq alkyl group substituted with the C4-Cgq alkyl group is not limited to 60 carbons.
In addition, more than one C4-Cgq alkyl substituent may be present on the C4-Cg alkyl group. This definition is not limited
to the C4-Cg alkyl group and applies to all substituted groups that recite a carbon range.

[0255] The terms "an azaindole group, an azabenzoborole group, an azabenzophosphole 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 aza-
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dibenzoselenophene group, an azadibenzofuran group, an azadibenzothiophene 5-oxide group, an aza-9H-fluoren-9-
one group, and an azadibenzothiophene 5,5-dioxide group" respectively refer to heterocyclic groups having the same
backbones 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-fluoren-9-one group, and a dibenzothiophene 5,5-dioxide group," in which, in each group, atleast one carbon selected
from ring-forming carbons is substituted with nitrogen.

[0256] Atleast one substituent of the substituted C5-C3, carbocyclic group, the substituted C4-C3q heterocyclic group,
the substituted C4-Cgq alkyl group, the substituted C,-Cgq alkenyl group, the substituted C,-Cgq alkynyl group, the
substituted C4-Cgq alkoxy group, the substituted C4-Cgq alkylthio group, the substituted C5-C,( cycloalkyl group, the
substituted C4-C, heterocycloalkyl group, the substituted C5-C, cycloalkenyl group, the substituted C,-C, heterocy-
cloalkenyl group, the substituted Cg-Cgq aryl group, the substituted C,-Cg alkylaryl group, the substituted Cg-Cg aryloxy
group, the substituted Cg-Cgq arylthio group, the substituted C4-Cgq heteroaryl group, the substituted C,-Cg alkylheter-
oaryl group, the substituted monovalent non-aromatic condensed polycyclic group, and the substituted monovalent non-
aromatic condensed heteropolycyclic group may each independently be:

deuterium, -F, -Cl, -Br, -I, -CD, -CD,H, -CDH,, -CF5, -CF,H, -CFH,, a hydroxyl group, a cyano group, a nitro group,
an amidino group, a hydrazine group, a hydrazone group, a carboxylic acid or a salt thereof, a sulfonic acid or a
salt thereof, a phosphoric acid or a salt thereof, a C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C,-Cgq alkynyl
group, a C4-Cgq alkoxy group, or a C4-Cg alkylthio group;

a C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C»-Cgq alkynyl group, a C4-Cgq alkoxy group, or a C4-Cg alkylthio
group, each substituted with deuterium, -F, -Cl, -Br, -1, -CD5, -CD,H, -CDH,, -CF5, -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 C4-C,4q heterocycloalkyl group, a C5-C 4 cycloalkenyl group, a C,-C, 4 heterocycloalkenyl group, a Cg-Cg
aryl group, a C;-Cg alkylaryl group, a Cg-Cgq aryloxy group, a Cg-Cgq arylthio group, a C4-Cgq heteroaryl group, a
C,-Cg( alkylheteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group, -N(Q11)(Q45), -Si(Q43)(Q44)(Q16), -B(Q16)(Q17), -P(=0)(Q46)(Q19), - P(Q15)(Q19),
or any combination thereof;

a C3-C4q cycloalkyl group, a C4-C4g heterocycloalkyl group, a C3-C 4 cycloalkenyl group, a C,-C4 g heterocycloalkenyl
group, a C4-Cgq aryl group, a C;,-Cgq alkylaryl group, a Cg-Cgq aryloxy group, a Cg-Cgq arylthio group, a C4-Cg
heteroaryl group, a C,-Cgq alkylheteroaryl group, a monovalent non-aromatic condensed polycyclic group, or a
monovalent non-aromatic condensed heteropolycyclic group, each unsubstituted or substituted with deuterium, -F,
-Cl, -Br, -I, -CDg, -CD,H, -CDH,, -CF5, -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 C4-Cgq alkyl group, a C,-Cgq alkenyl group, a C,-Cgq alkynyl
group, a C4-Cgq alkoxy group, a C4-Cgq alkylthio group, a C5-C4q cycloalkyl group, a C4-C, heterocycloalkyl group,
a C5-C( cycloalkenyl group, a C»-C( heterocycloalkenyl group, a Cg-Cgq aryl group, a C;-Cgq alkylaryl group, a
Cg-Cg aryloxy group, a Cg-Cgq arylthio group, a C4-Cgq heteroaryl group, a C,-Cgq alkylheteroaryl group, a mono-
valent non-aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group,
N(Q24)(Qg2), -Si(Q23)(Q24)(Qg5), - B(Q6)(Qg7), -P(=0)(Q28)(Qgg), -P(Q25)(Qyg), Or any combination thereof;
-N(Q31)(Q32), -Si(Q33)(Q34)(Q35), -B(Q36)(Q37), -P(=0)(Q36)(Qsg), Or - P(Q35)(Q3g); 0r

any combination thereof.

[0257] Q4 to Qg, Q44 to Qqg, Q¢ to Qy, and Q34 to Q39 as used herein may each independently be: hydrogen;
deuterium; -F; -Cl; -Br; -I; a hydroxyl group; a cyano group; a nitro group; an amidino group; a hydrazine group; a
hydrazone group; a carboxylic acid group or a salt thereof; a sulfonic acid group or a salt thereof; a phosphoric acid
group or a salt thereof; a C4-Cgq alkyl group unsubstituted or substituted with deuterium, a C4-Cgq alkyl group, a Cg-Cg
aryl group, or any combination thereof; a C,-Cgq alkenyl group; a C»-Cgq alkynyl group; a C4-Cgq alkoxy group; a C4-Cg
alkylthio group; a C5-C4q cycloalkyl group; a C4-C,q heterocycloalkyl group; a C3-C,q cycloalkenyl group; a C»-Cy4q
heterocycloalkenyl group; a Cg-Cgq aryl group unsubstituted or substituted with deuterium, a C4-Cg( alkyl group, a C4-Cgg
aryl group, or any combination thereof; a C4-Cgq aryloxy group; a C4-Cg arylthio group; a C4-Cgq heteroaryl group; a
monovalent non-aromatic condensed polycyclic group; or amonovalent non-aromatic condensed heteropolycyclic group.
[0258] For example, Q4 to Qg, Q¢4 t0 Q4g, Qy1 to Qug, and Qg4 to Q39 as used herein may each independently be:

-CHj, -CD3, -CD,H, -CDH,, -CH,CHj, -CH,CDj, -CH,CD,H, -CH,CDH,, -CHDCHj, -CHDCD,H, -CHDCDH,,
-CHDCD3, -CD,CD3, -CD,CD,H, or - CD,CDH,; or
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an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl group, an isobutyl group, a tert-butyl group, an
n-pentyl group, a tert-pentyl group, a neopentyl group, an isopentyl group, a sec-pentyl group, a 3-pentyl group, a
sec-isopentyl group, a phenyl group, a biphenyl group, or a naphthyl group, each unsubstituted or substituted with
deuterium, a C4-C, alkyl group, a phenyl group, or any combination thereof.

[0259] Hereinafter, an organic light-emitting device according to an embodiment of the present disclosure will be
described in detail with reference to Examples. However, the present disclosure is not limited to the following examples.
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Examples

Evaluation Example 1

[0260] The HOMO energy level and dipole moment of each of Compounds HT3, 2-2, H-H1, and 2-A were evaluated
using the Gaussian 09 program with molecular structure optimization obtained by B3LYP-based DFT. Results thereof

are summarized in Table 1.

Table 1
Compound No. | HOMO energy level (eV) | Dipole moment (debye)
HT3 -4.69 2.653
2-2 -4.77 2.14
H-H1 -4.97 0.844
2-A -4.89 0.637

©

N

SOE
&, @cs

N

O HT3

Comparative Example A

[0261] An ITO(as an anode)-patterned glass substrate was cut to a size of 50 mm x 50 mm x 0.5 mm, sonicated with
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isopropyl alcohol and pure water, each for 5 minutes, and then cleaned by exposure to ultraviolet rays and ozone for
30 minutes. The resultant glass substrate was loaded onto a vacuum deposition apparatus.

[0262] Compound HT3 and F6-TCNNQ were vacuum-co deposited on the anode at a weight ratio of 98:2 to form a
hole injection layer having a thickness of 100 A, Compound HT3 was vacuum-deposited on the hole injection layer to
form a hole transport layer having a thickness of 1,350 A, and then, Compound 2-2 was deposited on the hole transport
layer to form a buffer layer having a thickness of 300 A.

[0263] Next, Compound H-H1, Compound H-E43, and Compound 1-A (dopant) were co-deposited on the buffer layer
at a weight ratio of 57:38:5 to form an emission layer having a thickness of 400 A.

[0264] Then, Compound ET3 and ET-D1 were co-deposited on the emission layer at a volume ratio of 50:50 to form
an electron transport layer having a thickness of 350 A, ET-D1 was vacuum-deposited on the electron transport layer
to form an electron injection layer having a thickness of 10 A, and Al was vacuum-deposited on the electron injection
layer to form a cathode having a thickness of 1,000 A, thereby completing the manufacture of an organic light-emitting
device.

HT3 H-H1

Comparative Examples B to D and Example 1

[0265] Organic light-emitting devices were manufactured in the same manner as in Comparative Example A, except
that whether or not the buffer layer was formed, the thickness of the hole transport layer, the material for the buffer layer,
or the dopant material in the emission layer was changed as shown in Table 2. Compound 1(1) is the same compound
as Compound 21 of Group A described herein.

Evaluation Example 2

[0266] The maximum value of external quantum efficiency (Max EQE) (%) and lifespan (LTg7) (hr) of each of the
organic light-emitting devices manufactured according to Comparative Examples A to D and Example 1 were evaluated.
Results thereof are summarized in Table 2 as relative values (%). A current-voltage meter (Keithley 2400) and a luminance
meter (Minolta Cs-1000A) were used as apparatuses for evaluation, the lifespan (LTg7) (at 16,000 nit) was obtained by
measuring the amount of time (hr) that elapsed until luminance was reduced to 97 % of the initial luminance of 100 %,
and the results were converted into relative values (%).
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Table 2
Material for hole transport Material for Dopantin Max EQE LTy7 (relative
layer buffer layer emission (relative value, %) (at
layer value, %) 16,000 nit)
Comparative HT3 2-2 1A 100 100
Example A
Comparative HT3 (whereinthe thickness of -
Exa; le B the hole transport layer was 1(1) 95 98
P changed to 1,650 A)
Comparative HT3 H-H1
Example C 1) 88 85
Comparative 2-2 2-A
Example D 1) 89 9%
Example 1 HT3 2-2 1(1) 103.6 115
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[0267] From Table 2, it was confirmed that the organic light-emitting device of Example 1 had excellent luminescence
efficiency (external quantum efficiency) and lifespan characteristics at the same time, as compared with the organic
light-emitting devices of Comparative Examples A to D.

Examples 11 to 15

[0268] Organic light-emitting devices were manufactured in the same manner as in Comparative Example A, except
that the dopant material in the emission layer was changed as shown in Table 3.

Evaluation Example 3

[0269] The maximum value of external quantum efficiency (Max EQE) (%) and lifespan (LTgy;) (hr) of each of the
organic light-emitting devices manufactured according to Examples 11 to 15 were evaluated in the same manner as in
Evaluation Example 2. Results thereof are summarized in Table 3 as relative values (%). For comparison, the external
quantum efficiency and lifespan data of Comparative Example A are also shown in Table 3.

Table 3

Material for hole Material for Dopant in MaxEQE (relative | LTy (relative value,

transport layer buffer layer emission layer value, %) %) (at 16,000 nit)
CEo)gfna;etixe HT3 2-2 1A 100 100
Example 11 HT3 2-2 1-1 125 137
Example 12 HT3 2-2 1-2 129 179
Example 13 HT3 2-2 1-3 125 153
Example 14 HT3 2-2 1-4 131 155
Example 15 HT3 2-2 1-5 140 187
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[0270] From Table 3, it was confirmed that the organic light-emitting devices of Examples 11 to 15 had luminescence
efficiency (external quantum efficiency) and lifespan characteristics at the same time, as compared with the organic
light-emitting device of Comparative Example A.

[0271] The light-emitting device according to an embodiment of the present disclosure may have excellent lumines-
cence efficiency (external quantum efficiency) and excellent lifespan characteristics at the same time. Accordingly, a
high-quality electronic apparatus may be manufactured by using the light-emitting device.

[0272] 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. While one or more embodiments
have been described with reference to the figures, it will be understood by those of ordinary skill in the art that various
changes in form and details may be made therein without departing from the scope as defined by the following claims.

Claims
1. Alight-emitting device comprising:

a first electrode;

a second electrode;

an emission layer arranged between the first electrode and the second electrode; and
a buffer layer arranged between the first electrode and the emission layer,

wherein the buffer layer is in direct contact with the emission layer,

the emission layer comprises a first compound represented by Formula 1, and

the buffer layer comprises a second compound represented by Formula 5:

Formula 1 M(L1)n1(Lon2

wherein, in Formula 1,

M is a transition metal,

L, is a ligand represented by Formula 2A,

L, is a ligand represented by Formula 2B,

n1 and n2 are each independently 1 or 2, wherein, when n1 is 2, two of L(s) are identical to or different from
each other, and when n2 is 2, two of L,(s) are identical to or different from each other,

the sum of n1 and n2 is 2 or 3, and

L, and L, are different from each other,
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Formula 2A Formula 2B
Ry
Rat ] _Ras
X4
. -.s._" R11 \ R12
i CYy i |
) :
. _N N /
R \ */ R13
X0 *1
Ta\(xz1 \Y;"'
(Zz)aZN 1 : CYy4
7 — X3 . Tz : .:
\ \ Ar X
Toy /N _ 13 (Arz)az \
5 T4 (R14)p1

Formula 5

(R71)a71

/O/l\
X (Ls1)esi—Rsq
f‘ -

R72
A N

(R73)a73

in Formulae 2A, 2B, and 5,

Y4isCorN,

X4 is Sior Ge,

X218 0, 8, §(=0), N(Z2g), C(Z29)(Z30). 0r Si(Z29)(Z30):

T, to T, are each independently C, N, a carbon atom bonded to ring CY, or a carbon atom bonded to M in
Formula 1, wherein one of T, to T, is a carbon atom bonded to M in Formula 1, and one of the remaining T, to
T, that is not bonded to M is a carbon atom bonded to ring CY,

Tg to Tg are each independently C or N,

ring CY, and ring CY 44 are each independently a C5-C3q carbocyclic group or a C4-C3 heterocyclic group,
Ar, is ring CY, unsubstituted or substituted with at least one Z;, wherein ring CY,, is an unsaturated C5-Cjy
carbocyclic group or an unsaturated C4-C5, heterocyclic group,

Ls4 and Lg4 are each independently a C5-C5, carbocyclic group unsubstituted or substituted with at least one
R10a Or @ C4-C5 heterocyclic group unsubstituted or substituted with at least one Ry,

R,1to Ry3 are each independently a C4-Cgq alkyl group or a Cg-Cgq aryl group, each unsubstituted or substituted
with deuterium, -F, -Cl, -Br, -I, -CD5, -CD,H, -CDH,, -CF5, -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 C4-C, alkyl
group, a C5-C,, cycloalkyl group, a phenyl group, or any combination thereof,

Zo, 24, Zy, Zog, Z3g, R11 t0 Ry4, Rgq, Rgq, and R, to R44 are each independently hydrogen, deuterium, -F, -Cl,
-Br, -1, -SFg, 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
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phosphoric acid group or a salt thereof, a substituted or unsubstituted C;-Cgq alkyl group, a substituted or
unsubstituted C,-Cgq alkenyl group, a substituted or unsubstituted C,-Cgq alkynyl group, a substituted or un-
substituted C4-Cgq alkoxy group, a substituted or unsubstituted C4-Cgq alkylthio group, a substituted or unsub-
stituted C5-C4 cycloalkyl group, a substituted or unsubstituted C4-C, heterocycloalkyl group, a substituted or
unsubstituted C5-C,, cycloalkenyl group, a substituted or unsubstituted C,-C,, heterocycloalkenyl group, a
substituted or unsubstituted C4-Cgq aryl group, a substituted or unsubstituted C¢-Cg aryloxy group, a substituted
or unsubstituted Cg-Cg arylthio group, a substituted or unsubstituted C4-Cgq heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycyclic group, a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group, -N(Q4)(Q,), -Si(Q3)(Q4)(Qs5), -Ge(Q3)(Q4)(Qs5), -B(Qg)(Q7), -
P(=0)(Qg)(Qg), or -P(Qg)(Qy),

d2, e51, and e61 are each independently an integer from 1 to 6, wherein, when d2 is 2 or more, two or more
of Ary(s) are identical to or different from each other, when €51 is 2 or more, two or more of Lg(s) are identical
to or different from each other, and when e61 is 2 or more, two or more of Lg4(s) are identical to or different
from each other,

a1 and b1 are each independently an integer from 0 to 20, wherein, when a1 is 2 or more, two or more of Z4(s)
are identical to or different from each other, and when b1 is 2 or more, two or more of R44(s) are identical to or
different from each other,

a2 is an integer from 0 to 5, wherein, when a2 is 2 or more, two or more of Z,(s) are identical to or different
from each other,

a73 is an integer from 0 to 7, wherein, when a73 is 2 or more, two or more of R,5(s) are identical to or different
from each other,

a71is an integer from 0 to 4, wherein, when a71 is 2 or more, two or more of R;4(s) are identical to or different
from each other,

each of: i) two or more of R, to Ryg; i) two or more of a plurality of Z,(s); iii) two or more of a plurality of Z,(s);
iv) Ry and Ry3; v) two or more of a plurality of Rq4(s); and vi) two or more of Z, Z4, Z5, Z5g, Z33, and Ry4 to
R4 are optionally linked together to form a Cg5-Cj3 carbocyclic group unsubstituted or substituted with at least
one Ryq, or a C4-C3q heterocyclic group unsubstituted or substituted with at least one Ry,

R104 is the same as described in connection with R4,

*and * in Formulae 2A and 2B each indicate a binding site to M in Formula 1,

atleast one substituent of the substituted C,-Cg4, alkyl group, the substituted C,-Cgq alkenyl group, the substituted
C,-Cgp alkynyl group, the substituted C4-Cgq alkoxy group, the substituted C4-Cgg alkylthio group, the substituted
C5-C4 cycloalkyl group, the substituted C4-C,, heterocycloalkyl group, the substituted C5-C, cycloalkenyl
group, the substituted C,-C 4 heterocycloalkenyl group, the substituted Cg-Cgq aryl group, the substituted C¢-Cg
aryloxy group, the substituted Cg-Cg arylthio group, the substituted C4-Cgq heteroaryl group, the substituted
monovalent non-aromatic condensed polycyclic group, and the substituted monovalent non-aromatic condensed
heteropolycyclic group is:

deuterium, -F, -Cl, -Br, -I, -CDs, -CD,H, -CDH,, -CF3, -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
C4-Cgg alkyl group, a C5-Cgq alkenyl group, a C,-Cg alkynyl group, a C4-Cg alkoxy group, or a C4-Cg
alkylthio group;

a C4-Cgq alkyl group, a C,-Cg alkenyl group, a C,-Cgq alkynyl group, a C4-Cgq alkoxy group, or a C4-Cgy
alkylthio group, each substituted with deuterium, -F, -Cl, -Br, -I, -CD3, -CD,H, -CDH,, -CF3, -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 asaltthereof, a C5-C4, cycloalkyl group,a C4-C, heterocycloalkyl group, a C5-C, cycloalkenyl
group, a C,-C, heterocycloalkenyl group, a C¢-Cg aryl group, a Cg-Cg aryloxy group, a C4-Cg arylthio
group, a C4-Cgq heteroaryl group, a monovalent non-aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic group, -N(Q41)(Q12), - Si(Q13)(Q14)(Q1g), -Ge(Q13)(Q14)(Q16).
-B(Q4)(Q47), -P(=0)(Q16)(Q19), -P(Q46)(Q4g), or any combination thereof;

a C5-Cyq cycloalkyl group, a C4-C,4q heterocycloalkyl group, a C5-C4, cycloalkenyl group, a C,-C( hete-
rocycloalkenyl group, a Cg-Cg, aryl group, a Cg-Cg aryloxy group, a Cg-Cgq arylthio group, a C4-Cg
heteroaryl group, a monovalent non-aromatic condensed polycyclic group, or a monovalent non-aromatic
condensed heteropolycyclic group, each unsubstituted or substituted with deuterium, -F, -Cl, -Br, -I, -CDg,
-CD,H, -CDH,, -CF3, -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-Cgg alkyl group, a C,-Cgq alkenyl
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group, a C,-Cgq alkynyl group, a C4-Cg4 alkoxy group, a C4-Cg alkylthio group, a C5-C,q cycloalkyl group,
a C4-C, heterocycloalkyl group, a C3-C4q cycloalkenyl group, a C,-C,¢ heterocycloalkenyl group, a Cg-Cgy
aryl group, a Cg-Cgq aryloxy group, a Cg-Cgq arylthio group, a C4-Cgq heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent non-aromatic condensed heteropolycyclic group, -
N(Q21)(Qgp), -Si(Q23)(Q24)(Qgs), -Ge(Q23)(Q24)(Qgs), -B(Qe)(Qy7), -P(=0)(Q8)(Qgg), - P(Qyzs)(Qgg), or
any combination thereof;

-N(Q31)(Q37), -Si(Q33)0(Q34)(Q35), -Ge(Q33)(Q34)(Q35), -B(Q36)(Q37), - P(F0)(Q36)(Q39), OF -P(Q36)(Qs3g); 0OF
any combination thereof, and

Q4 to Qg, Q44 to Qqg, Q¢ to Qyg, and Q34 to Qzq are each independently: hydrogen; deuterium; -F; -Cl;
-Br; -I; a hydroxyl group; a cyano group; a nitro group; an amino group; an amidino group; a hydrazine
group; a hydrazone group; a carboxylic acid group or a salt thereof; a sulfonic acid group or a salt thereof;
a phosphoric acid group or a salt thereof; a C4-Cg alkyl group unsubstituted or substituted with deuterium,
a C,-Cg4 alkyl group, a Cg-Cg( aryl group, or any combination thereof; a C,-Cgq alkenyl group; a C,-Cg
alkynyl group; a C4-Cgq alkoxy group; a C4-Cgq alkylthio group; a C3-C4q cycloalkyl group; a C4-C4¢ hete-
rocycloalkyl group; a C3-C4q cycloalkenyl group; a C»-C4q heterocycloalkenyl group; a Cg-Cgq aryl group
unsubstituted or substituted with deuterium, a C4-Cgq alkyl group, a Cg-Cgq aryl group, or any combination
thereof; a C4-Cgq aryloxy group; a C4-Cg arylthio group; a C4-Cgq heteroaryl group; a monovalent non-
aromatic condensed polycyclic group; or

a monovalent non-aromatic condensed heteropolycyclic group.

The light-emitting device of claim 1, wherein M in Formula 1is Ir, and i) n1is 1 and n2 is 2; orii) n1is2and n2is 1.

The light-emitting device of claims 1 or 2, wherein X, 4 in Formula 2A is O or S; and/or

wherein ring CY, is a benzene group, a naphthalene group, an anthracene group, a phenanthrene group, a triphe-
nylene group, a pyrene group, a chrysene group, a cyclopentadiene group, a 1,2,3,4-tetrahydronaphthalene group,
a thiophene group, a furan group, a borole group, a phosphole group, a silole group, a germole group, a selenophene
group, 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-fluoren-9-one group, a dibenzothiophene 5,5-dioxide group, an azaindole group, an azabenzoborole
group, an azabenzophosphole 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 azadibenzothiophene 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 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 benzoxadiazole group, a benzothiadiazole group, a 5,6,7,8-tetrahy-
droisoquinoline group, or a 5,6,7,8-tetrahydroquinoline group.

Thelight-emitting device of any of claims 1-3, wherein Z, in Formula 2A is not a group represented by -Si(Q3)(Q4)(Qs5);
and/or

wherein the first compound comprises at least one deuterium atom, at least one fluoro group (-F), at least one cyano
group (-CN), or any combination thereof.

The light-emitting device of any of claims 1-4, wherein a group represented by

Z)et—

e

in Formula 2A is a group represented by one of Formulae CY1-1 to CY1-28:
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Zy2 Ziz
Z1 Zs3 Za3
ZNa 2N 2N, 2N, 2,0 NG 2N,
e *H T AT AT T
CY11 CY1-2 CY1-3 CYt-4 CY1-5 CY1-6
Zy2 Ziz Zyz
Zy3 X Zyt X Zyy Iy N _ Z43 SN Zys O 243
l NG ; AN AN I PAN l NG l AN
% Zud % * 24 % 2.4 % %
AT &30 KU AT Fl AT
CY1-7 CY1-8 CY1-3 CY1-10 Cy1-11 CcY1-12
Z12 Z1z Zag
Zy  Zn Zyy Zyg Zy3 Zyy
2N FPA A N
Zig e 2y SRz % Zyd S
F1i] *r F3ll *i
CY1-13 CYt-14 CY1-18 CY1-16
{R1pa)aa
Zi2 Z12 ;
(Rma)aa (Rwa)aa (Rw;&)aa (Rw;\)aa ‘ c\{1 oa E
e A e R T |
CY10a ; CY10a | CY¥i0a l i C¥q0, l |
Nax e NN e NN SN
* * ¥ E 31 *¥FF *
CY1-17 CY1-18 CY1-1% CY1-20 CY1.21
(Twa)aa (Rma)aa (R1Oa)aa ‘Tma)aa (Tma)aa
CY40a § ‘ (03 £T § ; CY1Oa. g CYma';
., Zyt k o Z ..“-
- | D3 l NN 13 I [y
- N\* = N\* /N\*
T KEE T
Cy1-22 CY1-25 CY1t-26

*UE

Cy1-27

wherein, in Formulae CY1-1 to CY1-28,

(Tua)aa
: CYﬂIa.E
Zy3 -
T
244 *
1l
CyY1-28

Z44 to Z,, are each the same as described in connection with Z, , wherein Z, to Z,, are each not hydrogen,
ring CY 4 is @ C5-Cs carbocyclic group or a C4-Cs, heterocyclic group,

aa is an integer from 0 to 10,
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* indicates a binding site to M in Formula 1, and
*" indicates a binding site to one of T4 to T, in Formula 2A; and/or
wherein a group represented by

*1
]
PL a1 .-T/ ’
T{’/ \ / :'}Tz
Te=rg 73

in Formula 2A is a group represented by one of Formulae CY2-1 to CY2-6:

*% %y
i | -
Ut
T vy % S T4 Td-/ I
F B:'.T5 2%
Xz21 [ 1-7/ *¥ T T
> ——r 5
Tg I v / T5 T// \
77N TéTs 8 l i Tso 4 8 Xz
7 4 e 'z Ty=Tg T.
N 21 T 1 =T
T5$T5 1 8
Cyz2-1 cy2-2 cY2-3 CY2-4
Fall
* o,
- i
T o X241
J 3 =
R\Y
X Je 5
21 _ / R J/Ts
Ta’.TT TS'-"TT
CcY2-5 CY2-6

wherein, in Formulae CY2-1 to CY2-6,

T, to Tg are each independently C or N,

*" indicates a binding site to ring CY, in Formula 2A, and
* indicates a binding site to M in Formula 1.

The light-emitting device of any of claims 1-5, wherein Lg, in Formula 5 is a benzene group, a naphthalene group,
a phenanthrene group, a dibenzofuran group, a dibenzothiophene group, a naphthobenzofuran group, a naph-
thobenzothiophene group, a dinaphthofuran group, or a dinaphthothiophene group, each unsubstituted or substituted
with at least one R4q,, and

e51in Formula 5is 1, 2, or 3.

The light-emitting device of any of claims 1-6, wherein Lg, in Formula 5 is a benzene group, a naphthalene group,
a phenanthrene group, a dibenzofuran group, a dibenzothiophene group, a naphthobenzofuran group, a naph-
thobenzothiophene group, a dinaphthofuran group, a dinaphthothiophene group, a fluorene group, a spirobifluorene
group, a benzofluorene group, or a dibenzofluorene group, each unsubstituted or substituted with at least one R4,
and at least one of L61(S) in the number of €61 is a fluorene group, a spirobifluorene group, a benzofluorene group,
or a dibenzofluorene group; and/or

wherein the second compound is a compound represented by Formula 5-1 or 5-2:
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Formula 5-1

(R71)ar1

N _~(Ls1)es1—Rsq

l Re1

\-{ Re
(R73)a73 \ ) /
(Re3)a63
Formula 5-2
(R71)a71

(R73)ar3

(Re3)a63

wherein, in Formulae 5-1 and 5-2,

Reo to Rgy are each the same as Ry,
ab3 is an integer from 0 to 7, and

ab4 is an integer from 0 to 8.

The light-emitting device of any of claims 1-7, wherein a dipole moment of the second compound is in a range of

1.0 debye to 5.0 debye.

The light-emitting device of any of claims 1-8, wherein the emission layer further comprises a host, and
the host in the emission layer does not comprise a same compound as the second compound comprised in the

buffer layer.

The light-emitting device of any of claims 1-9, wherein the emission layer further comprises a host,

the host comprises a hole-transporting compound, and
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an absolute value of a highest occupied molecular orbital (HOMO) energy level of the second compound com-
prised in the buffer layer is smaller than an absolute value of a HOMO energy level of the hole-transporting
compound comprised in the host.

11. The light-emitting device of any of claims 1-10, wherein the emission layer further comprises a host,

the host comprises a hole-transporting compound, and

a difference between an absolute value of a HOMO energy level of the second compound comprised in the
buffer layer and an absolute value of a HOMO energy level of the hole-transporting compound comprised in
the host is 0.25 eV or less.

12. The light-emitting device of any of claims 1-11, further comprising a hole transport layer arranged between the first
electrode and the buffer layer,

wherein the hole transport layer is in direct contact with the buffer layer,

the hole transport layer comprises a third compound, and

the third compound is different from the second compound comprised in the buffer layer;

preferably wherein an absolute value of a HOMO energy level of the second compound comprised in the buffer
layer is greater than an absolute value of a HOMO energy level of the third compound comprised in the hole
transport layer.

13. The light-emitting device of any of claims 1-12, wherein the buffer layer does not comprise a p-dopant.
14. The light-emitting device of any of claims 1-13, wherein the first electrode is an anode,
the second electrode is a cathode, and
the light-emitting device further comprises an electron transport region arranged between the emission layer

and the second electrode.

15. An electronic apparatus comprising the light-emitting device of any of claims 1-14.
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