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(57) ABSTRACT
A condensed-cyclic compound represented by Formula 1A:
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wherein in Formula 1A, groups, substituents, and vari-
ables are the same as defined in the specification.
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CONDENSED CYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 14/573,422, filed on Dec. 17,
2014, which claims priority to Korean Patent Application
No. 10-2013-0157532, filed on Dec. 17, 2013, and all the
benefits accruing therefrom under 35 U.S.C. § 119, the
contents of which are incorporated herein in their entireties
by reference.

BACKGROUND

1. Field

[0002] One or more embodiments of the present disclosure
relate to condensed-cyclic compounds and organic light-
emitting devices including the condensed-cyclic com-
pounds.

2. Description of the Related Art

[0003] Organic light-emitting devices (OLEDs) are self-
emitting devices that have advantages such as wide viewing
angles, excellent contrast ratios, and quick response times.
In addition, OLEDs exhibit excellent brightness, driving
voltage, and response speed characteristics, and can provide
multicolored images.

[0004] A typical OLED has a structure including an anode,
a cathode, and an organic layer disposed between the anode
and the cathode and including an emission layer. A hole
transporting region may be disposed between the anode and
the cathode, and an electron transporting region may be
disposed between the emission layer and the cathode. Holes
injected from the anode move to the EML via the hole
transport region, and electrons injected from the cathode
move to the EML via the electron transport region. Carriers
such as holes and electrons recombine in the EML to
generate excitons. When the excitons drop from an excited
state to a ground state, light is emitted.

[0005] Different types of organic light emitting devices are
known. However, there still remains a need in OLEDs
having low driving voltage, high efficiency, high brightness,
and long lifespan.

SUMMARY

[0006] One or more embodiments include novel con-
densed-cyclic compounds and organic light-emitting
devices including the condensed-cyclic compounds.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0008] According to one or more embodiments, provided
is a condensed-cyclic compound represented by Formula 1A
or 1B:
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[0009] In the Formulae above,
[0010] ring A, in Formulae 1A and 1B is represented by

Formula 1C or 1D;

[0011] X, is N or C-[(L)q;-(Ry )],

[0012] X, is N or C-[(Ly),0-(Ro)ol,

[0013] X is N or C-[(L;),5-(R5),s], and

[0014] at least one of X, to X5 is N;

[0015] X,isOorS;

[0016] X, is selected from N-[(L,),,-(R;2)p12]s S, O,

S(=0), S(=0),, C(=0), CR)RL), SiR;H)R.),
PR}3), P=O)R,3), and C=N(R ,);

[0017] L, to L,, L, L;, and L,; may be each indepen-
dently selected from a substituted or unsubstituted C;-C,,
cycloalkylene group, a substituted or unsubstituted C,-C,,
heterocycloalkylene group, a substituted or unsubstituted
C,-C,,, cycloalkenylene group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkenylene group, a substituted or
unsubstituted C,-Cy, arylene group, a substituted or unsub-
stituted C,-Cg,, heteroarylene group, a substituted or unsub-
stituted divalent non-aromatic condensed polycyclic group,
and a substituted or unsubstituted divalent non-aromatic
hetero-condensed polycyclic group;

[0018] al to a4, all, al2, and a21 may be each indepen-
dently selected from integers of 0 to 3,

[0019] R, to R;, Rs, Rg, and R, to R;; may be each
independently selected from a hydrogen, a deuterium, —F (a
fluoro group), —Cl (a chloro group), —Br (a bromo group),
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—1I (an iodo group), a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt thereof,
a sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a substituted or unsubstituted C,-Cy, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-Cy, alkoxy group, a substituted or unsub-
stituted C,-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkyl group, a substituted or unsub-
stituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cy, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C4-C, arylthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic hetero-
condensed polycyclic group, —N(Q,)}(Q»), —Si(Q;)(Q.)
(Qs), and —B(Qu)(Q,),

[0020] R, is selected from a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C;-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsubsti-
tuted C4-Cg,, aryloxy group, a substituted or unsubstituted
C¢-Cyo arylthio group, a substituted or unsubstituted C,-C,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic hetero-con-
densed polycyclic group;

[0021] bl to b6 and b11 to b17 may be each independently
selected from integers of 1 to 3;

[0022] at least one substituent of the substituted C5-C,,
cycloalkylene group, substituted C,-C,, heterocycloalky-
lene group, substituted C5-C, cycloalkenylene group, sub-
stituted C,-C,, heterocycloalkenylene group, substituted
Cs-Ceo arylene group, substituted C,-Cg, heteroarylene
group, substituted divalent non-aromatic condensed polycy-
clic group, substituted divalent non-aromatic hetero-con-
densed polycyclic group, substituted C,-C,, alkyl group,
substituted C,-C 4, alkenyl group, substituted C,-C,, alkynyl
group, substituted C,-Cg, alkoxy group, substituted C;-C,,
cycloalkyl group, substitited C,-C,, heterocycloalkyl
group, substituted C,-C,, cycloalkenyl group, substituted
C,-C,, heterocycloalkenyl group, substituted C4-Cg, aryl
group, substituted C,-C, aryloxy group, substituted C4-Cy,
arylthio group, substituted C,-Cg, heteroaryl group, substi-
tuted monovalent non-aromatic condensed polycyclic
group, and substituted monovalent non-aromatic hetero-
condensed polycyclic group may be selected from:

[0023] a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cq, alkyl
group, a C,-C, alkenyl group, a C,-Cg, alkynyl group, and
a C;-Cq, alkoxy group;

[0024] a C,-C, alkyl group, a C,-C,, alkenyl group, a
C,-Cg, alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one of a deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
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hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a Cy-Cg, aryl group, a Cy4-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic hetero-condensed poly-

cyclic group, —N(Q;;)(Q12), —Si(Q13)(Q14)(Qy5) and
—B(Q,6)(Q,7):

[0025] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C-Cg, aryl group, a Cy4-Cqp
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic hetero-condensed
polycyclic group;

[0026] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a Cq-Cg, aryl group, a Cy4-Ce,
aryloxy group, a C4-Cg, arylthio group, a C;-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic hetero-condensed poly-
cyclic group, each substituted with at least one of a deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, a C,-C, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy group, a
C,-C,, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cy, aryl group, a C4,-Cy, aryloxy group, a
Cs-Cgo arylthio group, a C,-Cg, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic hetero-condensed polycyclic group,

—N(Q,)(Qs), —S1(Q,3)(Q,4)(Qs5), and —B(Q,4)(Q55);

and

[0027] —N(Q;)(Q;5.), —Si(Q55)(Q5,)(Qs5) and
7B(Q36)(Q37);.

[0028] wherein Q, to Q,, Q; t0 Q,5, Qs t0 Q,r, and Qs

to Q5, may be each independently selected from a hydrogen,
a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-C,
alkynyl group, a C,-Cy, alkoxy group, a C,-C,, cycloalkyl
group, a C,-C |, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
aryl group, a C4-C,,, aryloxy group, a C;-Cy, arylthio group,
a C,-Cy, heteroaryl group, monovalent a non-aromatic con-
densed polycyclic group, and a monovalent non-aromatic
hetero-condensed polycyclic group.

[0029] According to one or more other embodiments,
provided is a condensed-cyclic compound represented by
Formula 1A:

Formula 1A

Rs)ss
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[0030] wherein in Formula 1A,
[0031] ring A, is represented by Formula 1D;
Formula 1D
Ris)sis
| YA
Ve
[0032] X, toX;isN;
[0033] X,isOorS;
[0034] L, and L,, are each independently selected from

groups represented by Formulae 2-1, 2-2 and 2-34;

Formula 2-1

N Ja1
®!

Zy
L
F

Z)a

/@\
NN
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"

&

Formula 2-2

Formula 2-34

[0035] wherein in Formulae 2-1, 2-2 and 2-34, 7, is
selected from a hydrogen, a deuterium, —F, —CI, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group and a phenyl group and
dl is selected from integers of 1 to 4;

[0036] a4 is selected from integers O to 3 and a21 is O, 1,
2or3;
[0037] Rs, Ry, R;5 and R, are each independently

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

[0038] R, is selected from:
[0039] a phenyl group; and
[0040] a phenyl group, substituted with at least one of a

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

[0041] b4 to b6, blS and bl7 are each independently
selected from integers of 1 to 3.
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[0042] According to one or more other embodiments,
provided is an organic light-emitting device including

[0043] a first electrode;
[0044] a second electrode; and
[0045] an organic layer disposed between the first elec-

trode and the second electrode,

[0046] wherein the organic layer includes an emission
layer and at least one condensed-cyclic compound described
above.

[0047] The condensed-cyclic compound may be included
in the emission layer, wherein the emission layer further
includes a dopant, and the condensed-cyclic compound
included in the emission layer may act as a host.

BRIEF DESCRIPTION OF THE DRAWING

[0048] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawing in which:

[0049] the FIGURE is a schematic view showing an
organic light-emitting device according to an embodiment.

DETAILED DESCRIPTION

[0050] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to the
like elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the FIGURES, to explain aspects of the present
description. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0051] It will be understood that when an element is
referred to as being “on” another element, it can be directly
in contact with the other element or intervening elements
may be present therebetween. In contrast, when an element
is referred to as being “directly on” another element, there
are no intervening elements present.

[0052] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present embodiments.

[0053] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0054] The term “or” means “and/or.” It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifi-
cation, 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, com-
ponents, and/or groups thereof.

[0055] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
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art to which this general inventive concept belongs. Tt 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.

[0056] 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.
[0057] A condensed-cyclic compound according to an
embodiment may be represented by Formula 1A or 1B:

Formula 1A

Rs)es

= 7
Re)os \ \\ ‘\/ Rus17
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7/ Y i

(IL4)a4 teeae?
(Ra)oa

Formula 1A-1

Rsibs
(Re)s w 4 “/ Ri7arr
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X4 7/(L71)a21 N
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(Rs)bs
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g 7/ 21)a2l

== X3

(Lg)as Risors )

/
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Formula 1B
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[0058] ring A, in Formula 1A and 1B may be represented
by Formula 1C or 1D.

Formula 1C
(Ris)p1s
N\ Rie)sis
\/
Formula 1D
Rishis
| N
/

[0059] InFormulae 1A and 1B, ring A, may be fused with
an adjacent 5-membered cyclic ring by sharing the carbon
atoms disposed therebetween. Accordingly, the condensed-
cyclic compound represented by Formula 1A or 1B may be
represented by any one of Formulae 1A-1to 1A-7 and 1B-1
to 1B-4:

Formula 1 A-2
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(Ré)bsm\B Ri7derr
B )Z:(LZI)aZI h
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-continued

Formula 1 A-5
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Formula 1A-6 Formula 1A-7
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-continued

(Rs)ps
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(Lgdas
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[0060] Descriptions of Formulae 1A-1 to 1A-7 and 1B-1
t01B-4,X,t0 X,,X,;,L, toL,,L;;,L,,,L,,,al toad, all,
al2, a21, R, to Ry, R;; to Ry, bl to b6, and b1l to b17 are
given below.

[0061] According to an embodiment, the condensed-cy-
clic compound may be represented by Formula 1A-1, 1A-2,
1A-3, 1B-1, 1B-2, 1B-3, or 1B-4, but it is not limited thereto.

[0062] According to another embodiment, the condensed-
cyclic compound may be represented by Formula 1A-1 or
1A-2, but it is not limited thereto.

[0063] Formulae 1A and 1B may be represented by any
one of Formulae 1A(1) to 1A(4)and 1B(1) to 1B(4), but they
are not limited thereto:

Formula 1A(1)
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e
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Formula 1B-3
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A
Formula 1B(1)
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-continued
Formula 1B(4)

Rinsn

Liant

(Ra)pa

[0064] In Formulae 1A(1) to 1A(4) and 1B(1) to 1B(4),
descriptions of ring A |, X, t0 X, X;,,L, toL,,L;;,L;,, L,
al to a4, all, al2, a21, R, to R6, R, to R”, bl to b6, and
b1l to bl7 are given below.

[0065] In Formula 1C, X, is selected from N-[(L,,), ;-
(Riz)pials S, O, 8(=0), 8(=0),, C=0), CR;3)R,.),
Si(Ri5)Ryy), PRyz), P=O)R,5), and C=N(R,). For
example, in Formula 1C, X, may be selected from N-[(L,,)
o Ris)pisls S, O, and C(R;5)(R,,), but it is not limited
thereto. Descriptions of L, ,, al2, R,, to R ,, and b12 may
be understood by referring to the description below.
[0066] In Formula 1A and 1B, X, is N or C-[(L)),,-(R})
p1l> X5 18 Noor C-[(Ly)2-(Ro),0], X5 is Noor C-[(L3),5-(R5)
»3]s and at least one of X, to X; is N.

[0067] For example, in Formulae 1A and 1B,

[0068] X, to X; may be N;

[0069] X, maybe C{(L,),;-(R,)s:], X, and X5 may be N
[0070] X, may be N, X, may be C-[(L,),5-(R,),5], and X;
may be N;

[0071] X, and X, may be N, and X; may be C-[(L,)5-
(R3)psls

[0072] X, may be C-[(L,),;-(R,),,], X, may be N, and X,
may be C-[(La)as-(Ra)als

[0073] X, may be C-[(L,),-(Ry)s1], X5 may be C-[(L)
wo-R2),,], and X, may be N; or

[0074] X, may be N, X, may be C-[(L,),»-(R,);,], and X
may be C-{(L3)3-(Rs)s]

[0075] According to an embodiment,

[0076] X, maybe C{(L,),;-R,),,); X, and X may be N;
or

[0077] X, and X, may be N, and X; may be C-[(L;)5-
(R5),5], but they are not limited thereto.

[0078] Descriptions of L, to L,, al to a3, R; to R;, and bl
to b3 may be understood by referring to the description
below.

[0079] InFormulae 1A, 1B,and 1C, L, to L,,L;;, L5, and
L,, may be each independently selected from a substituted
or unsubstituted C;-C,, cycloalkylene group, a substituted
or unsubstituted C,-C,, heterocycloalkylene group, a sub-
stituted or unsubstituted C;-C,, cycloalkenylene group, a
substituted or unsubstituted C,-C,, heterocycloalkenylene
group, a substituted or unsubstituted C,-Cg, arylene group,
a substituted or unsubstituted C,-Cg, heteroarylene group, a
substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted
divalent non-aromatic hetero-condensed polycyclic group.
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[0080] For example, in Formulae 1A, 1B, and 1C, L, to
L, L,,, Lie, and L,; may be each independently selected
from:

[0081] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthrenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, a pyrrolylene group, an imidazolylene group,
a pyrazolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, an
isoindolylene group, an indolylene group, an indazolylene
group, a purinylene group, a quinolinylene group, an iso-
quinolinylene group, a benzoquinolinylene group, a
phthalazinylene group, a naphthyridinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a carbazolylene group, a phenanthridinylene
group, an acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzooxazolylene group, a benzo-
imidazolylene group, a furanylene group, a benzofuranylene
group, a thiophenylene group, a benzothiophenylene group,
a thiazolylene group, a isothiazolylene group, a benzothiaz-
olylene group, an isoxazolylene group, an oxazolylene
group, a triazolylene group, a tetrazolylene group, an oxadi-
azolylene group, a triazinylene group, a dibenzofuranylene
group, a dibenzothiophenylene group, a benzocarbazolylene
group, a dibenzocarbazolylene group, an imidazopyrimidi-
nylene group, and an imidazopyridinylene group; and

[0082] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthrenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexace-
nylene group, a pyrrolylene group, an imidazolylene group,
a pyrazolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, an
isoindolylene group, an indolylene group, an indazolylene
group, a purinylene group, a quinolinylene group, an iso-
quinolinylene group, a benzoquinolinylene group, a
phthalazinylene group, a naphthyridinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a carbazolylene group, a phenanthridinylene
group, an acridinylene group, a phenanthrolinylene group, a
phenazinylene group, a benzooxazolylene group, a benzo-
imidazolylene group, a furanylene group, a benzofuranylene
group, a thiophenylene group, a benzothiophenylene group,
a thiazolylene group, a isothiazolylene group, a benzothiaz-
olylene group, an isoxazolylene group, an oxazolylene
group, a triazolylene group, a tetrazolylene group, an oxadi-
azolylene group, a triazinylene group, a dibenzofuranylene
group, a dibenzothiophenylene group, a benzocarbazolylene
group, a dibenzocarbazolylene group an imidazopyrimidi-
nylene group, and an imidazopyridinylene group, each sub-
stituted with at least one of a deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
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hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, aryl group, a C,-C,, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic hetero-condensed cyclic
group, and —Si(Q33)(Q124)(Qss),

[0083] Q,; to Q;; may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, a fluorenyl
group, a carbazolyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, a pyridinyl group, a pyrimidinyl group,
a pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolinyl group, an isoquinolinyl group, a phthalazinyl
group, a quinoxalinyl group, a cinnolinyl group, and a
quinazolinyl group, but they are not limited thereto.
[0084] For example, in Formulae 1A, 1B, and 1C, L, to
L, L,;, Lie, and L,; may be each independently selected
from Formulae 2-1 to 2-34:

Formula 2-1

Formula 2-2

Formula 2-3

Formula 2-4

Formula 2-5

Formula 2-6

| Z1)a
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Formula 2-8

Formula 2-9

Formula 2-10
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Formula 2-17

Formula 2-18

Formula 2-19

Formula 2-20

Formula 2-21

Formula 2-22

Formula 2-23

Formula 2-24

Formula 2-25

Formula 2-26
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Formula 2-27

Formula 2-28

Formula 2-29

Formula 2-30

Formula 2-31

Formula 2-32

Formula 2-33
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-continued
Formula 2-34

Z)ar
A

[0085] In Formula 2-1 to 2-34,

[0086] Y, may be selected from O, S, S(—0), S(—0),,
C(Z3)(Z,), N(Zs), or Si(Ze)(Z,),

[0087] Z, to Z, may be each independently selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthracenyl group, a triphenylenyl group, a pyre-
nyl group, a phenanthrenyl group, a fluorenyl group, a
chrysenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a quinoxalinyl group, a biphe-
nyl group, and —S8i(Q53)(Q34)(Qss);

[0088] wherein Q,; to Q;5 may be each independently
selected from a hydrogen, a C,-C,, alkyl group, a C;-C,,
alkoxy group, a phenyl group, a naphthyl group, an anthra-
cenyl group, a pyrenyl group, a phenanthrenyl group, a
fluorenyl group, a chrysenyl group, a carbazolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinazolinyl group, and a
quinoxaliny] group;

[0089] d1 is selected from integers of 1 to 4,

[0090] d2 is selected from integers of 1 to 3,

[0091] d3 is selected from integers of 1 to 6,

[0092] d4 is selected from integers of 1 to 8,

[0093] d5is 1 or2,

[0094] d6 is selected from integers of 1 to 5, and

[0095] each of * and *' indicates a bonding site to neigh-
boring atoms.

[0096] For example, in Formulae 2-1 to 2-34, *' indicates
a bonding site to neighboring atoms of L, to L,, L, L,,,
and L,, or bonding site to each of R, to R,, R}, R}5, and
R,;.

[0097] According to an embodiment, in Formulae 1A and
1B,L, to L, L,;, L5, and L,, may be each independently
selected from Formulae 2-1 to 2-5, 2-9 to 2-23, and 2-34, but
they are not limited thereto.

[0098] According to another embodiment, in Formulae 1A
and 1B, L, to L,, L,;;, L,. and L,, may be each indepen-
dently selected from:

[0099] a phenylene group and a naphthylene group; and
[0100] a phenylene group and a naphthylene group, each
substituted with at least one of a deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
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thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthracenyl group, a
triphenylenyl group, a pyrenyl group, a phenanthrenyl
group, a fluorenyl group, a chrysenyl group, a carbazolyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a quinoxalinyl group, a biphenyl group, and —Si
(Q23)(Qa4)(Qs5) (wherein Qs to Q35 may be each indepen-
dently selected from a hydrogen, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
anthracenyl group, a pyrenyl group, a phenanthrenyl group,
a fluorenyl group, a chrysenyl group, a carbazolyl group, a
benzocarbazolyl group, a dibenzocarbazolyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, a quinolinyl
group, an isoquinolinyl group, a quinazolinyl group, and a
quinoxalinyl group, but they are not limited thereto.
[0101] InFormula 1A, al represents the number of groups
L,, which may be 0, 1, 2, or 3, for example, 0, 1, or 2, or may
be 0 or 1. When al is 0, -(L,),,- is a single bond. When al
is 2 or greater, two or more groups L, may be the same or
different. Descriptions of a2 to a4, all, al2, and a21 may be
understood by referring to the description of al and struc-
tures of Formulae 1A and 1B.

[0102] According to an embodiment, in Formulae above,
al to a4, all, al2, and a21 may be each independently, 0, 1,
or 2.

[0103] According to another embodiment, in Formulae
above, a2l may be 1, but it is not limited thereto.

[0104] InFormulae 1A, 1B, 1C, and 1D, R, to R, R,, Ry,
and R, to R,, may be each independently selected from a
hydrogen, a deuterium, —F (a fluoro group), —Cl1 (a chloro
group), —Br (a bromo group), —I (an iodo group), a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a substi-
tuted or unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-Cy, alkenyl group, a substituted or unsub-
stituted C,-C,, alkynyl group, a substituted or unsubstituted
C,-Cy, alkoxy group, a substituted or unsubstituted C4-C,,
cycloalkyl group. a substituted or unsubstituted C,-C,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C, heterocycloalkenyl group, a substituted or unsubsti-
tuted C,-Cg, aryl group, a substituted or unsubstituted
Cs-C aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-C, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic hetero-condensed
polycyclic group, —N(Q,)Qs), —Si(Q3)(Q4)(Qs), and
—B(Q)(Q,). Here, descriptions of Q, to Q, are as described
below.

[0105] In Formulae 1A and 1B, R, is selected from a
substituted or unsubstituted C,-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C,-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group, a
substituted or unsubstituted C4-Cg, aryloxy group, a substi-
tuted or unsubstituted C¢-Cq, arylthio group, a substituted or
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unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic hetero-condensed polycyclic group. For
example, R, may be selected from a substituted or unsub-
stituted C4-C,, aryl group, a substituted or unsubstituted
C,-C5, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted monovalent non-aromatic het-
ero-condensed polycyclic group, but it is not limited thereto.
[0106] According to an embodiment, in Formulae 1A and
1B, R, and R, may be each independently selected from a
substituted or unsubstituted C,-C5, aryl group, a substituted
or unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic hetero-condensed polycyclic group.

[0107] For example, in Formulae 1A, 1B, 1C, and 1D, R,
to R;, R, Ry, and R, ; to R, may be each independently
selected from:

[0108] a hydrogen, a deuterium, —F, —CIl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, and a C,-C,, alkoxy group;

[0109] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a 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 or a salt thereof, a
sulfonic acid or a salt thereof and a phosphoric acid or a salt
thereof;,

[0110] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
nyl group, a spiro-fluorenyl group, a benzofluoreny! group,
a dibenzofluorenyl group, a phenalenyl group, a phenanthre-
nyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pvrenyl group, a chrysenyl group, a
naphthacenyl group, a picenyl group, a perylenyl group, a
pentaphenyl group, a hexacenyl group, a pentacenyl group,
a rubicenyl group, a coronenyl group, an ovalenyl 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 isooxazolyl 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 phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzooxazolyl group, an isobenzoox-
azolyl group, a triazolyl group, a tetrazolyl group, an oxadi-
azolyl group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group. an imidazopyridinyl group, and an
imidazopyrimidinyl group;

[0111] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
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nyl group, a spiro-fluorenyl group, a benzofluorenyl group,
a dibenzofluorenyl group, a phenalenyl group, a phenanthre-
nyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
naphthacenyl group, a picenyl group, a perylenyl group, a
pentaphenyl group, a hexacenyl group, a pentacenyl group,
a rubiceny! group, a coronenyl group, an ovalenyl 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 isooxazolyl 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 phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzooxazolyl group, an isobenzoox-
azolyl group, a triazolyl group, a tetrazolyl group, an oxadi-
azolyl group. a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group, each substituted with at least one
of a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group, a
C;-Cy alkoxy group, —Si(Q13)(Q14)(Qss). a phenyl group,
a pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl 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 isooxazolyl 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 phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzooxazolyl group, an isobenzooxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyridinyl group, an imidazopyrimidinyl
group, and a biphenyl group; and

[0112] —Si(Q;)(Q,)(Q5) (provided that, R, and R, are
not —Si(Q3)(Q.)(Qs));

[0113] wherein Q; to Qs and Q55 to Qs may be each
independently selected from a hydrogen, C,-C,, alkyl
group, C,-C,, alkoxy group, a phenyl group, a naphthyl
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group, an anthracenyl group, a pyrenyl group, a phenanthre-
nyl group, a fluorenyl group, a chrysenyl group, a carbazolyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, and a quinoxalinyl group, but they are not limited
thereto.

[0114] According to another embodiment, in Formulae
1A, 1B, 1C, and 1D, R, to R;, Rs, R¢, and Ry5 to R ; may
be each independently selected from:

[0115] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, and a C,-C,, alkoxy group;

[0116] a C,-C,, alkyl group and a C,-C,,, alkoxy group,
each substituted with at least one of a 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 or a salt thereof, a
sulfonic acid or a salt thereof, and a phosphoric acid or a salt
thereof;,

[0117] a phenyl group, a naphthyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a phenan-
threnyl group, a fluorenyl group, a chrysenyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
nazolinyl group, and a quinoxalinyl group;

[0118] a phenyl group, a naphthyl group, an anthracenyl
group, a triphenylenyl group, a pyrenyl group, a phenan-
threnyl group, a fluorenyl group, a chrysenyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
nazolinyl group, and a quinoxalinyl group, each substituted
with at least one of a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-Cy, alkoxy group, —Si(Q;3)(Q34)(Qs5), 2
phenyl group, a naphthyl group, an anthracenyl group, a
triphenylenyl group, a pyrenyl group, a phenanthrenyl
group, a fluorenyl group, a chrysenyl group, a carbazolyl
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a
pyridinyl group, a pyrimidinyl group, a triazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, and a quinoxalinyl group; and

[0119] —Si(Q;XQ,)(Qs), provided that R,; and R, are
not —Si(Q3)(Q4)(Qs):

[0120] wherein Q5 to Qs and Q;; to Q55 may be each
independently selected from a hydrogen, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthracenyl group, a triphenylenyl group, a pyre-
nyl group, a phenanthrenyl group, a fluorenyl group, a
chrysenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a pyridinyl group, a pyrimidinyl
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group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, and a quinoxalinyl group.
[0121] Meanwhile, in Formulae 1A and 1B, R, R,;, and
R,, may be each independently selected from:

[0122] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
nyl group, a spiro-fluorenyl group. a benzofluorenyl group,
a dibenzofluorenyl group, a phenalenyl group, a phenanthre-
nyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
naphthacenyl group, a picenyl group, a perylenyl group, a
pentaphenyl group, a hexacenyl group, a pentacenyl group,
a rubicenyl group, a coronenyl group, an ovalenyl 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 isooxazolyl 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 phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzooxazolyl group, an isobenzoox-
azolyl group, a triazolyl group, a tetrazolyl group, an oxadi-
azolyl group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group; and

[0123] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
nyl group, a spiro-fluorenyl group, a benzofluorenyl group,
a dibenzofluorenyl group, a phenalenyl group, a phenanthre-
nyl group, an anthracenyl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
naphthacenyl group, a picenyl group, a perylenyl group, a
pentaphenyl group, a hexacenyl group, a pentacenyl group,
a rubicenyl group, a coronenyl group, an ovalenyl 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 isooxazolyl 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 phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzoimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzooxazolyl group, an isobenzoox-
azolyl group, a triazolyl group, a tetrazolyl group, an oxadi-
azolyl group, a triazinyl group, a dibenzofuranyl group, a
dibenzothiophenyl group, a benzocarbazolyl group, a diben-
zocarbazolyl group, an imidazopyridinyl group and an imi-
dazopyrimidinyl group, each substituted with at least one of
adeuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
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acid or a salt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy
group, —Si(Q33)(Q34)(Qs5), a phenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, an azulenyl
group, a heptalenyl group, an indacenyl group, an acenaph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenale-
nyl group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl group, a
pentacenyl group, a rubicenyl group, a coronenyl group, an
ovalenyl 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
isooxazolyl 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 phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group. a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoimidazolyl group, a benzofuranyl group, a
benzothiophenyl group, an isobenzothiazolyl group, a ben-
zooxazolyl group, an isobenzooxazolyl 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, and
a biphenyl group; and

[0124] Q,; to Q45 may be each independently selected
from a hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, a fluorenyl
group, a chrysenyl group, a carbazolyl group, a benzocar-
bazolyl group, a dibenzocarbazolyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a pyridinyl group, a
pyrimidinyl group, a triazinyl group, a quinolinyl group, an
isoquinolinyl group, a quinazolinyl group, and a quinoxali-
nyl group.

[0125] According to another embodiment, in Formulae
1A, 1B, 1C, and 1D,

[0126] R, to R, R, Ry, and R, to R;; may be each
independently selected from:

[0127] a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group and a C,-C,, alkoxy group;

[0128] aC,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, and a
phosphoric acid or a salt thereof;

[0129] Formulae 4-1 to 4-31 below (for example, Formu-
lae 4-1 to 4-3 and 4-6 to 4-13); and

[0130] —Si(Q5)(Q,)(Qs) (provided that, R, and R, are
not —Si(Q3)(Q.)(Qs)):
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[0131] wherein, R,, R, and R, may be each indepen-
dently selected from Formulae 4-1 to 4-31 (for example,
Formulae 4-1 to 4-3 and 4-6 to 4-13), but they are not limited
thereto.

Formula 4-1
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/
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X X
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N TR
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Formula 4-10

Formula 4-11

Formula 4-12

Formula 4-13

Formula 4-14

Formula 4-15

Formula 4-16

Formula 4-17

Formula 4-18

Formula 4-19

Formula 4-20
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Formula 4-21

Formula 4-22

Formula 4-23
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Formula 4-28

Formula 4-29
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Formula 4-30

#

(Z31)es /

(Z32)et

Formula 4-31

[0132] In Formulae 4-1 to 4-31,

[0133] Yy, may be O, 8, C(Z33)(Zs4), N(Zss) or Si(Zs)
(Z37)3

[0134] Z,, to 75, may be each independently selected
from a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, C,-C,,
alkyl group, C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthracenyl group, a triphenylenyl group, a
pyrenyl group, a phenanthrenyl group, a fluorenyl group, a
chrysenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a quinoxalinyl group, a biphe-
nyl group, and —Si(Q13)(Q14)(Qs5);

[0135] Q; to Q5and Qs to Q55 may be each independently
selected from a hydrogen, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, an anthra-
cenyl group, a triphenylenyl group, a pyrenyl group, a
phenanthrenyl group, a fluorenyl group, a chrysenyl group,
a carbazolyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
nazolinyl group, and a quinoxalinyl group;

[0136] el may be selected from integers of 1 to 5,
[0137] e2 is selected from integers of 1 to 7,

[0138] €3 is selected from integers of 1 to 3,

[0139] e4 is selected from integers of 1 to 4,

[0140] e5is 1 or 2,

[0141] e6 is selected from integers of 1 to 6, and

[0142] * indicates a bonding site to a neighboring atom.
[0143] According to another embodiment, R, to R;, R,
Rg,and R, 5 to R, may be each independently selected from:
[0144] a hydrogen, a deuterium, —F, —CIl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, and a C,-C,, alkoxy group;

[0145] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
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an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, and a phosphoric acid or a salt
thereof;,

[0146] a phenyl group and a naphthyl group;

[0147] a phenyl group and a naphthyl group, each substi-
tuted with at least one of a deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, and a
naphthyl group; and

[0148] —Si(Q5)(Q,)(Qs) (provided that, R, and R, are
not —Si(Q;)(Q,)(Q;) and Q, to Qs are each independently
selected from a hydrogen, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, and a naphthyl group);

[0149] R,, R, , and R, are each independently selected
from:

[0150] a phenyl group and a naphthyl group; and

[0151] a phenyl group and a naphthyl group, each substi-

tuted with at least one of a deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, and a
naphthyl group; but, they are not limited thereto.

[0152] According to another embodiment, R, R, and R 5
to R, may all be hydrogen, but they are not limited thereto.
[0153] In Formulae 1A and 1B, bl represents the number
of groups R, and may be selected from integers of 1 to 3. For
example, b1 may be 1 or 2. In greater detail, b1 may be 1.
When bl is 2 or greater, two or more of groups R, may be
the same or different. Descriptions of b2 to b6 and b11 to b17
may be understood by referring to the description of bl and
structures of Formulae 1A, 1B, 1C, and 1D.

[0154] According to an embodiment, at least one substitu-
ent of the substituted C;-C,, cycloalkylene group, substi-
tuted C,-C, , heterocycloalkylene group, substituted C,-C,,
cycloalkenylene group, substituted C,-C,, heterocycloalk-
enylene group, substituted C,-C, arylene group, substituted
C,-Cg, heteroarylene group, substituted divalent non-aro-
matic condensed polycyclic group, substituted divalent non-
aromatic hetero-condensed polycyclic group, substituted
C,-Cgo alkyl group, substituted C,-Cy, alkenyl group, sub-
stituted C,-Cg, alkynyl group, substituted C,-C, alkoxy
group, substituted C;-C,, cycloalkyl group, substituted
C,-C, , heterocycloalkyl group, substituted C,-C, , cycloalk-
enyl group, substituted C,-C,, heterocycloalkenyl group,
substituted C4-Cg,, aryl group, substituted C,-Cg, aryloxy
group, substituted C4-C, arylthio group, substituted C,-Cy,
heteroaryl group, substituted monovalent non-aromatic con-
densed polycyclic group, and substituted monovalent non-
aromatic hetero-condensed polycyclic group may be
selected from:

[0155] a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-Cg, alkyl
group, a C,-C, alkenyl group, a C,-Cg, alkynyl group, and
a C,-Cq, alkoxy group;
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[0156] a C,-Cq, alkyl group, C,-C,, alkenyl group, a
C,-Cq, alkynyl group, and a C,-C, alkoxy group, each
substituted with at least one of a deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cy, aryl group, a C4-Co,
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic hetero-condensed poly-

cyclic group, —N(Q,,)(Q13), —Si(Q15)(Q14)(Q;5) and
—B(Qy6)(Q17%

[0157] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-Co,
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic hetero-condensed
polycyclic group;

[0158] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cg, aryl group, a Cyg-Cqq
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic hetero-condensed
polycyclic group, each substituted with at least one of a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C, alkyl group, a C,-C, alkenyl
group, a C,-Cq, alkynyl group, a C,-Cg, alkoxy group, a
C;-C, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cg, aryl group, a C,-Cq, aryloxy group, a
C¢Cyqo arylthio group, a C,-Cy, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic hetero-condensed polycyclic group,

—N(Q)(Q22), —8Si(Q23)(Q24)(Qs5), and —B(Q16)(Qs7);

and

[0159] —N(Q;.)(Qs,), —S1(Q53)(Q54)(Qss) and
—B(Q36)(Qs7)%
[0160] wherein Q, to Q;, Qy; to Q;7, Qyy to Qy7 and Qs

to Q5 may be each independently selected from a hydrogen,
a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-C,
alkynyl group, a C,-Cy, alkoxy group, a C,-C,, cycloalkyl
group, a C,-C |, heterocycloalkyl group, a C;-C, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cy,
aryl group, a C4-Cy, aryloxy group, a C4-Cy, arylthio group,
a C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aromatic
hetero-condensed polycyclic group.

[0161] According to one or more embodiments, provided
is a condensed-cyclic compound represented by Formula
1A:
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Formula 1A

(Rs)bs

(Rﬁ)bﬁ\ \\ 7 ‘\/ Ris17
\ / \ ~

7/(L21)a71—N

s LA N
(IL4)a4 g
Radps
[0162] wherein in Formula 1A,
[0163] ring A, is represented by Formula 1D;
Formula 1D
(Risk1s
| YA
Y
[0164] X, to X;isN;
[0165] X,is OorS;
[0166] L, and L,, are each independently selected from

groups represented by Formulae 2-1, 2-2 and 2-34;

Formula 2-1
ZDar
\O\ ,
Formula 2-2
ZDa
/Q\ ;
Formula 2-34
(Zat
| YA
/ «
*

[0167] wherein in Formulae 2-1, 2-2 and 2-34, Z, is
selected from a hydrogen, a deuterium, —F, —CI, —Br, —],
a hydroxyl group, a cyano group, a nitro group. an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group and a phenyl group and
dl is selected from integers of 1 to 4;

[0168] a4 is selected from integers O to 3 and a21 is O, 1,

2 or 3 (or a2l may be 1 or 2);

[0169] R., R, R;s and R, are each independently
selected from a hydrogen, a deuterium, —F, —CI, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone

group, a carboxylic acid or a salt thereof, a sulfonic acid or
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a salt thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, and a C,-C,, alkoxy group;

[0170] R, is selected from:
[0171] a phenyl group; and
[0172] a phenyl group, substituted with at least one of a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano

group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, and a biphenyl group; and

[0173] b4 to b6, blS5S and b17 are each independently
selected from integers of 1 to 3.

[0174] For example, a condensed-cyclic compound repre-
sented by Formula 1A described above may be represented
by one of Formulae 1A(1) to 1A(4) described herein.

[0175] The condensed-cyclic compound may be any one
of Compounds 1 to 825, but it is not limited thereto:

9
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[0176] Alternatively, the condensed-cyclic compound
may be any one of Compounds 1, 85, 169, 253, 337, 421,
505, 506, 575, 659, 660, 729 and 825, but it is not limited

thereto:
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[0177] In the condensed-cyclic compound represented by
Formula 1A or 1B, R, is selected from a substituted or
unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,,, heterocycloalkyl group, a substituted
or unsubstituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C,-Cy,, arylthio group, a substituted or unsubstituted
C,-C heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted monovalent non-aromatic het-
ero-condensed polycyclic group.

—
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[0178] In other words, in Formula 1A and 1B, R, neces-
sarily includes a ring structure. As a result, the condensed-
cyclic compound represented by Formula 1A or 1B is
chemically and structurally stable and may actually have a
spherical molecular structure. Accordingly, the condensed-
cyclic compound represented by Formula 1A or 1B may
have excellent thermal stability, which may increase depo-
sition temperature. As a result, efficiency and lifespan of an
organic light-emitting device including the condensed-cy-
clic compound may be improved to improve formability of
the organic light-emitting device during the manufacturing
process thereof.

[0179] Also, because both group “A” and the “carbazole-
based” group in Formulae 1A and 1B are bound to a
“nitrogen-containing 6-membered ring” (see Formulae 1A'
and 1B'), hole injection and hole transport and electron
injection and electron transport may occur thoroughly and
Formulae 1A and 1B may each actually have a spherical
molecular structure. Accordingly, the condensed-cyclic
compound may simultaneously have excellent charge-trans-
porting ability and thermal stability, such that the organic
light-emitting device including the condensed-cyclic com-
pound may have increased emission efficiency, reduced
driving voltage, and a long lifespan.

Group "A"
Nitrogen-containing

(Rs)bs 6-membered ring

=

IN / \
X; 7/'L21)E«I—N

— X3 ‘

(Rs)bs

(La)as RN

/
(Ra)p4

Group "A"
(Rs)bs Nitrogen-containing

6-membered ring
(Rs)bs \B
IN / \

X, \7/ Laai—
7% X3
(L4)a4

/
Ra)ps

[0180] A method of synthesizing the condensed-cyclic
compound represented by Formula 1A or 1B may be under-
stood by one of ordinary skill in the art by referring to the
embodiments described below.

[0181] Accordingly, the condensed-cyclic compound rep-
resented by Formula 1A or 1B may be suitable as a material
for an organic layer (for example, a host of an EML) in an
organic light-emitting device. According to another embodi-
ment, provided is an organic light-emitting device including

Mar. 7, 2019

[0182] a first electrode;
[0183] a second electrode; and
[0184] an organic layer disposed between the first elec-

trode and the second electrode,

[0185] wherein the organic layer includes the EML, which
includes at least one condensed-cyclic compound repre-
sented by Formula 1A or 1B.

[0186] The organic light-emitting device including an
organic layer including the condensed-cyclic compound
represented by Formula 1A or 1B has low driving voltage,
high efficiency, high brightness, and a long lifespan.
[0187] The condensed-cyclic compound represented by
Formula 1A or 1B may be used between a pair of electrodes
in the organic light-emitting device. For example, the con-
densed-cyclic compound may be included in at least one of
an EML, a hole-transport region disposed between the first
electrode and the EML (for example, the hole transport
region may include at least one of a hole-injecting layer
(HIL), a hole-transporting layer (HTL), and an electron-
blocking layer (EBL)), and an electron-transport region
disposed between the EML and the second electrode (for
example, the electron transport region may include at least
one of a hole-blocking layer (HBL), an electron-transporting
layer (ETL), and an electron-injecting layer (EIL)). For
example, the condensed-cyclic compound represented by

Formula 1A’

Formula 1B’

(Rl7)b17 --T

Carbazole-based group

Formula 1A or 1B may be included in the EML. In this
regard, the EML further includes a dopant and the con-
densed-cyclic compound included in the EML may act as a
host. The EML may be a green EML emitting green light and
the dopant may be a phosphorescent dopant.

[0188] As used herein, the term “(the organic layer)
includes at least one condensed-cyclic compound” may be
understood as “(the organic layer) may include at least one
condensed-cyclic compound belonging to the group of For-
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mula 1A or 1B or two different condensed-cyclic com-
pounds belonging to the group of Formula 1A or 1B”.
[0189] For example, the organic layer may only include
Compound 1 as the condensed-cyclic compound. In this
regard, Compound 1 may be situated in the EML of the
organic light-emitting device. Alternatively, the organic
layer may include Compound 1 and Compound 2 as the
condensed-cyclic compound. In this regard, Compound 1
and Compound 2 may be present on the same layer (for
example, Compound 1 and Compound 2 may all be present
on the EML) or on different layers.

[0190] The organic layer includes

[0191] 1) a hole transport region that is disposed between
the first electrode and the EML and includes at least one of
an HIL, an HTL, a buffer layer, and an EBL, and

[0192] 1i) an electron transport region that is disposed
between the EML and the second electrode and includes at
least one layer selected from a HBL, an ETL, and an EIL.
[0193] The expression “organic layer”, as used herein
refers to a single layer and/or a plurality of layers disposed
between the first and second electrodes of an organic light-
emitting device. A material of the “organic layer” is not
limited to an organic material and may include an organic
metal complex including a metal.

[0194] The FIGURE is a schematic view of an organic
light-emitting device 10 according to an embodiment. Here-
inafter, a structure and a method of manufacturing the
organic light-emitting device according to an embodiment
will be described with reference to the FIGURE. The organic
light-emitting device 10 includes a first electrode 11, an
organic layer 15, and a second electrode 19, which are
sequentially stacked in the stated order.

[0195] A substrate may be additionally disposed under the
first electrode 11 or on the second electrode 19. The substrate
may be a conventional glass substrate or a transparent plastic
substrate, each with excellent mechanical strength, thermal
stability, transparency, surface smoothness, ease of han-
dling, and water repellency.

[0196] The first electrode 11 may be formed by depositing
or sputtering a material for forming the first electrode 11 on
the substrate, When the first electrode 11 is an anode, the
material for the first electrode 11 may be selected from
materials with a high work function for an easy hole
injection. The first electrode 11 may be a reflective electrode,
a semi-transmissive electrode, or a transmissive electrode.
The material for the first electrode 110 may be selected from
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0,), and zinc oxide (ZnO). Alternatively, a metal such as
magnesium (Mg), aluminum (Al), aluminum-lithium (Al—
Li), calcium (Ca), magnesium-indium (Mg—In), and mag-
nesium-silver (Mg—Ag).

[0197] The first electrode 11 may have a single-layer
structure or a multi-layer structure including two or more
layers.

[0198] The organic layer 15 is disposed on the first elec-
trode 11.

[0199] The organic layer 15 may include a hole transport

region; an EML; and an electron transport region.

[0200] Thehole transport region may be disposed between
the first electrode 11 and the EML.

[0201] The hole transport region may include at least one
of the HIL, HTL, EBL, and buffer layer.

[0202] Thehole transport region may only include the HIL
or HTL. Alternatively, the hole transport region may have an
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HIL/HTL structure or an HIL/HTL/EBL structure, wherein
layers of each structure are sequentially stacked on the first
electrode 11 in this stated order, but it is not limited thereto.

[0203] When the hole transport region includes an HIL,
the HIL may be formed on the first electrode 11 by using
various methods, such as vacuum deposition, spin coating,
casting, a Langmuir-Blodgett (LB) method, or the like.

[0204] When an HIL is formed by vacuum deposition, for
example, the vacuum deposition may be performed at a
deposition temperature of about 100 to about 500° C., at a
vacuum degree of about 107® to about 107 torr, and at a
deposition rate of about 0.01 Angstrom per second (A/sec)
to about 100 A/sec in consideration of a compound for an
HIL to be deposited, and the structure of an HIL to be
formed, but the conditions are not limited thereto.

[0205] When an HIL is formed by spin coating, the spin
coating may be performed at a coating rate of about 2,000
revolutions per minute (rpm) to about 5,000 rpm, and at a
temperature of about 80° C. to 200° C. for removing a
solvent after the spin coating, in consideration of a com-
pound for an HIL to be deposited, and the structure of an
HIL to be formed, but the conditions are not limited thereto.

[0206] The conditions for forming the HTL and EBL may
be inferred based on the conditions for forming the HIL.

[0207] The hole transport region may include at least one
compound selected from m-MTDATA, TDATA, 2-TNATA,
NPB, 8-NPB, TPD, Spiro-TPD, Spiro-NPB, methylated
NPB, TAPC, HMTPD, 4.4'.4"-tris(N-carbazolyl)triph-
enylamine (TCTA), polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA), poly(3,4-ethylenedioxythiophene)/poly
(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonic acid (Pani/CSA), (polyaniline)/poly(4-styrenesul-
fonate) (PANI/PSS), a compound represented by Formula
201 below, and a compound represented by Formula 202
below:

m-MTDATA
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0k
O‘O

TAPC

5975

HMTPD

Formula 201

Formula 202
R R
i 121 \122
N N

/ . . \
Riz

Ry

[0208] In Formula 201, Ar,,, and Ar,,, may be each
independently selected from:

[0209] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an acenaphthylene group, a fluore-
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nylene group, a phenalenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenyle-
nylene group, a naphthacenylene group, a picenylene group,
a perylenylene group, and a pentacenylene group; and
[0210] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an acenaphthylene group, a fluore-
nylene group, a phenalenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylene group, a chrysenyle-
nylene group, a naphthacenylene group, a picenylene group,
a perylenylene group, and a pentacenylene group, each
substituted with at least one of a deuterium, —F, —Cl, —Br,
—1I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-Cq,
alkenyl group, a C,-Cy, alkynyl group, a C,-Cq4, alkoxy
group, a C;-C,, cycloalkyl group, a C5-C,, cycloalkenyl
group, a C,-C, heterocycloalkyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-Cy, aryl group, a C,-C,, aryloxy
group, a C¢-Cg, arylthio group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic hetero-condensed polycyclic
group.

[0211] In Formula 201, xa and xb may be each indepen-
dently integers of 0 to 5, or 0, 1, or 2. For example, xa may
be 1 and xb may be 0, but they are not limited thereto.
[0212] In Formulae 201 and 202, R, to R o5 Ry 10
R,.o, and R}, to R,,, may be each independently selected
from:

[0213] a hydrogen, a deuterium, —F, —CIl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group (for example, a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
and a hexyl group) and a C,-C, , alkoxy group (for example,
a methoxy group, an ethoxy group, a propoxy group, a
butoxy group, and a pentoxy group);

[0214] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one of a deuterium, —F, —CI,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof;

[0215] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group; and

[0216] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, and a pyrenyl group, each substi-
tuted with at least one of a deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C, , alkyl group, and a C,-C,, alkoxy group,
but they are not limited thereto.

[0217] In Formula 201, R, may be any one of a phenyl
group, a naphthyl group, an anthraceny! group and a pyridi-
nyl group; a phenyl group, a naphthyl group. an anthracenyl
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group, and a pyridinyl group, each substituted with at least _continued
one of a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,

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

group, a hydrazine group, a hydrazone group, a carboxylic

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

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

alkyl group and a C,-C,, alkoxy group.

[0218] According to an embodiment, the compound rep- HI2

resented by Formula 201 may be represented by Formula
201A, but it is not limited thereto:
N

Formula 201 A

Ry

(
(

_Rioo N

[0219] In Formula 201A, detailed descriptions of R,
R, Ryps, and R, may be the same as described herein.

[0220] For example, the compound represented by For- HI3

mula 201 and the compound represented by Formula 202
may include Compounds HT1 to HT20, but the compound Q
N
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[0221] A thickness of the hole transport region may be in
a range of about 100 Angstrom (A) to about 10,000 A, for
example, about 100 A to about 1,000 A. When the hole
transport region includes an HIL and a HTL, a thickness of
the HIL, may be in a range of about 100 A to about 10,000
A, for example, about 100 A to about 1,000 A, and a
thickness of the HTL may be in a range of about 50 A to
about 2,000 A, for example, about 100 A to about 1,500 A.
When the thicknesses of the hole transport region, the HIL,
and the HTL are within these ranges, satisfactory hole
transporting characteristics may be obtained without a sub-
stantial increase in driving voltage.

[0222] The hole transport region may further include, in
addition to the abovementioned materials, a charge-gener-
ating material for the improvement of conductive properties.
The charge-generating material may be homogeneously or
non-homogeneously dispersed throughout the hole transport
region.
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[0223] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be one of a quinone
derivative, a metal oxide, and a cyano group-containing
compound, but is not limited thereto. For example, non-
limiting examples of the p-dopant are a quinone derivative, \
such as tetracyanoquinonedimethane (TCNQ) or 2,3,5,6- ==
tetrafluoro-tetracyano-1,4-benzoquinonedimethane (F4-
TCNQ); a metal oxide, such as a tungsten oxide or a
molybdenum oxide; and Compound HT-D1 illustrated
below, but are not limited thereto.

Z
A\
z

Compound HT-D1

CN TPBI
NC
Ny
N N CN
S
N N CN
N
NC /
CN
E F
CN CN
CN CN

F4TCNQ Q
[0224] The hole transport region may further include a O

buffer layer. ADN

[0225] The buffer layer may compensate for an optical
resonance distance according to a wavelength of light emit-
ted from the EML, and thus, efficiency of an organic

light-emitting device may be improved. N N
[0226] An EML may be formed on the hole transport
region by using various methods, such as vacuum deposi-
tion, spin coating, casting, or an LB method. When the EML

is formed by vacuum deposition or spin coating, deposition
and coating conditions for the EML may be determined by

referring to the deposition and coating conditions for the

HIL.

[0227] The EML may include a host and a dopant. The N O O N
host may include at least one condensed-cyclic compound

represented by Formula 1A or 1B. O

[0228] The host may include at least one compound
selected from TPBi, TBADN, ADN (also referred to as CDBP
“DNA”), CBP, CDBP, and TCP:
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N
'ane

TCP
[0229] When the organic light-emitting device 10 is a full
color organic light-emitting device, the EML may be pat-
terned into a red EML,, a green EML, and a blue EML. In
some embodiments, the EML may have a stacked structure
of a red EML, a green EML, and/or a blue EML to emit
white light. The host in the red EML, green EML, and blue
EML may include the condensed-cyclic compound repre-
sented by Formula 1. According to an embodiment, the host
in the green EML may include the condensed-cyclic com-
pound represented by Formula 1A or 1B.
[0230] The EML may include a fluorescent dopant that
emits light according to a fluorescent light emission mecha-
nism or a phosphorescent dopant that emits light according
to a phosphorescent light emission mechanism.
[0231] According to an embodiment, the EML may
include a fluorescent and a phosphorescent dopant including
the condensed-cyclic compound represented by Formula 1A
or 1B. The phosphorescent dopant may include an organic
metal complex including a transition metal (for example,
iridium (Ir), platinum (Pt), osmium (Os), rhodium (Rh), or
the like).
[0232] The phosphorescent compound may include an
organomnietallic compound represented by Formula 81:

_ Formula 81
Re1)ag1

| /M—(Lf;l)nm

Resass _|

[0233] In Formula 81,

[0234] M may be selected from Iridium (Ir), platinum (Pt),
osmium (Os), titanium (Ti), zirconium (Zr), hafnium (Hf),
europium (Eu), terbium (Tb), and thulium (Tm);

[0235] Y, to Y, may be each independently carbon (C) or
nitrogen (N);
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[0236] Y, and Y, may be connected by a single bond or a
double bond, and Y; and Y, may be connected by a single
bond or a double bond;

[0237] CY, and CY, may be each independently selected
from a benzene, a naphthalene, a fluorene, a spiro-fluorene,
an indene, a pyrrole, a thiopene, a furan, an imidazole, a
pyrazole, a thiazole, an isothiazole, an oxazole, an isoox-
azole, a pyridine, a pyrazine, a pyrimidine, a pyridazine, a
quinoline, an isoquinoline, a benzoquinoline, a quinoxaline,
a quinazoline, a carbazole, a benzoimidazole, benzofuran, a
benzothiopene, an isobenzothiopene, a benzooxazole, an
isobenzooxazole, a triazole, a tetrazole, an oxadiazole, a
triazine, a dibenzofuran, and a dibenzothiopene, wherein
CY, and CY, are optionally bound to each other via a single
bond or an organic linking group;

[0238] Ry, and Ry, are each independently selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, —SFs, a sub-
stituted or unsubstituted C,-Cy,, alkyl group, a substituted or
unsubstituted C,-Cy, alkenyl group, a substituted or unsub-
stituted C,-Cy, alkynyl group, a substituted or unsubstituted
C,-Cg alkoxy group, a substituted or unsubstituted C5-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,o cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cq, aryl group, a substituted or unsubstituted
C-Cy, aryloxy group, a substituted or unsubstituted C,-C,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic hetero-condensed
polycyclic - group, —N(Q,)(Qo), —Si(Q:)(Q4)(Qs), and
—B(Q)(Q7);

[0239] a81 and a82 are each independently selected from
integers of 1 to 5;

[0240] n81 is selected from integers of O to 4;
[0241] n821s 1, 2, or 3; and
[0242] L, is selected from a monovalent organic ligand,

a divalent organic ligand, and a trivalent organic ligand.

[0243] Descriptions of Ry, and Rg, may be the same as the
description of Rs.

[0244] The phosphorescent dopant may include at least
one of Compounds PD1 to PD74, but it is not limited
thereto:

PD1
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PD7

PD2
PD8

PD3
PD9

PD4

PD5
PD10
PDI11

PD6
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PDI12

PDI13

PD14

PDI15

PDI16
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PD26

PD21
PD27

PD22
PD28

PD23
PD24 D29
PD30

PD25
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PD31 PD36
PD37
PD32
PD33
PD38
PD34
PD39
PD35
PD40
N N.
— =
N\ ,'N



US 2019/0074451 Al

-continued
—N N—
7\
Yaw,
e
S/ \S

160

PDAL

PD42

PD43

PD44

PD45
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PD62

PDE3

PD64

PD6S

PD66
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PDE7

PD68

PD69

PD70

PD71
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-continued [0245] Alternatively, the phosphorescent dopant may
PD72 include PtOEP or compound PhGD:
PPh;

PPl
PD73
PPh,Me
| N
\ / ™N
Os
x N/ \N Ny PLOEP
| \— F
/
PPh,Me -
PD74
\’,Ir.
CH; ’
Z SN
N
3
PhGD

[0246] The fluorescent dopant may include at least one of
DPVBi, DPAVBi, TBPe, DCM, DCJTB, Coumarin 6, and
C545T.

DPVBI

DPAVBI
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DCITB

C545T

[0247] When the EML includes the host and the dopant, an
amount of the dopant may be selected from a range of about
0.01 parts by weight to about 15 parts by weight based on
100 parts by weight of the host, but the amount is not limited
thereto.

[0248] A thickness of the EML may be about 100 A to
about 1,000 A, for example, about 200 A to about 600 A.
When the thickness of the EML is within this range, excel-
lent light-emission characteristics may be obtained without
a substantial increase in driving voltage.

[0249] Then, an electron transport region may be disposed
on the EML.
[0250] The electron transport region may include at least

one layer selected from a HBL, an ETL, and an FIL, but is
not limited thereto.

[0251] For example, the electron transport region may
have an HBL/ETL/EIL structure or an ETL/EIL structure,
wherein layers of each structure are sequentially stacked
from the EML in the stated order, but is not limited thereto.

Mar. 7, 2019
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DCM

Coumatin 6

The ETL may have a single layer or a multi-layer structure
including two or more different materials.

[0252] The conditions for forming the HBL, ETL, and EIL.
may be understood by referring to the conditions for forming
the HIL.

[0253] When the electron transport region includes the
HBL, the HBL may include, for example, at least one of
BCP and Bphen, but it is not limited thereto.

BCP
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N—N

55

N
NTAZ

[0254] A thickness of the HBL may be in a range of about [0256] Alternatively, the ETL may include at least one of
20 A to about 1,000 A, for example, about 30 A to about 300~ Compound ET1 and ET2, but it is not limited thereto.

A. When the thickness of the HBL is within the range
described above, the HBL may have excellent hole blocking
characteristics without a substantial increase in driving
voltage.

[0255] The ETL may include at least one of BCP and
Bphen, and may further include at least one of Alq,, Balg,
TAZ, and NTAZ.

ET1

a
™
N
O,
\L/O
s N/ \N/
N | N

Alq;

500 A. When the thickness of the ETL is within the range
described above, the ETL may have satisfactory electron
transportation characteristics without a substantial increase
in driving voltage.

TAZ [0258] Also, the ETL may further include, in addition to
the materials described above, a metal-containing material.

N [0257] A thickness of the ETL may be in a range of about
in. O 100 A to about 1,000 A, for example, about 150 A to about
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[0259] The metal-containing material may include a L,
complex. The L, complex may include, for example, Com-
pound ET-D1 (lithium quinolate, LiQ) or ET-D2.

ET-D1

ET-D2

[0260] The electron transport region may include an EIL
that allows electrons to be easily provided from the second
electrode 19.

[0261] The EIL may include at least one compound
selected from LiF, NaCl, CsF, Li,0O, and BaO.

[0262] A thickness of the EIL. 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 EIL is within the range described
above, the EIL. may have satisfactory electron transportation
characteristics without a substantial increase in driving
voltage.

[0263] The second electrode 19 is disposed on the organic
layer 15 having the structure described above. The second
electrode 19 may be a cathode that is an electron injection
electrode, and in this regard, a material for forming the
second electrode 19 may be a material having a low work
function, and such a material may be a metal, an alloy, an
electrically conductive compound, or a mixture thereof.
Detailed examples of the material for forming second elec-
trode 19 are lithium (Li), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), and magnesium-silver (Mg—Ag). Alterna-
tively, ITO or IZO may be may be used to form a transmis-
sive second electrode 19 to manufacture a top emission
light-emitting device.

[0264] Hereinbefore, the organic light-emitting device has
been described with reference to the FIGURE, but is not
limited thereto.

[0265] A C,-Cg, alkyl group used herein refers to a linear
or branched aliphatic hydrocarbon monovalent group having
1 to 60 carbon atoms. Detailed examples thereof are a
methyl group, an ethyl group, a propyl group, an isobutyl
group, a sec-butyl group, a tert-butyl group, a pentyl group,
an iso-amyl group, and a hexyl group. A C,-Cg, alkylene
used herein refers to a divalent group having the same
structure as the C,-Cg, alkyl group.

[0266] A C,-C,, alkoxy group used herein refers to a
monovalent group represented by —OA |, (Wherein A, is
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the C,-Cq, alkyl group). Detailed examples thereof are a
methoxy group, an ethoxy group, and an isopropyloxy
group.

[0267] A C,-Cq, alkenyl group used herein refers to a
hydrocarbon group formed by substituting at least one
carbon double bond in the middle or at the terminal of the
C,-Cg, alkyl group. Detailed examples thereof are an ethe-
nyl group, a propenyl group, and a butenyl group. A C,-Cy,
alkenylene group used herein refers to a divalent group
having the same structure as the C,-C, alkenyl group.
[0268] A C,-C,, alkynyl group used herein refers to a
hydrocarbon group formed by substituting at least one
carbon triple bond in the middle or at the terminal of the
C,-Cy, alkyl group. Detailed examples thereof are an ethy-
nyl group and a propynyl group. A C,-C, alkynylene group
used herein refers to a divalent group having the same
structure as the C,-Cg, alkynyl group.

[0269] A C;-C,, cycloalkyl group used herein refers to a
monovalent hydrocarbon monocyclic group having 3 to 10
carbon atoms. Detailed examples thereof are a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, and a cycloheptyl group. A C5-C,, cycloalkylene
group used herein refers to a divalent group having the same
structure as the C;-C,, cycloalkyl group.

[0270] A C;-C,, heterocycloalkyl group used herein refers
to a monovalent monocyclic group having at least one
heteroatom selected from N, O, P, and S as a ring-forming
atom and 3 to 10 carbon atoms. Detailed examples thereof
are tetrahydrofuranyl and tetrahydrothiophenyl. A C;-C,
heterocycloalkylene group used herein refers to a divalent
group having the same structure as the C;-C,, heterocy-
cloalkyl group.

[0271] A C,-C,, cycloalkenyl group used herein refers to
a monovalent monocyclic group that has 3 to 10 carbon
atoms and at least one double bond in the ring thereof and
does not have aromaticity. Detailed examples thereof are a
cyclopentenyl group, a cyclohexenyl group, and a cyclohep-
tenyl group. A C,-C,, cycloalkenylene group used herein
refers to a divalent group having the same structure as the
C,-C,, cycloalkenyl group.

[0272] A C,-C,, heterocycloalkenyl group used herein
refers to a monovalent monocyclic group that has at least
one heteroatom selected from N, O, P, and S as a ring-
forming atom, 2 to 10 carbon atoms, and at least one double
bond in its ring. Detailed examples of the C,-C,, heterocy-
cloalkenyl group are a 2,3-dihydrofuranyl group and a
2,3-dihydrothiophenyl group. A C,-C,, heterocycloalk-
enylene group used herein refers to a divalent group having
the same structure as the C,-C,, heterocycloalkenyl group.
[0273] A Cy-Cq, aryl group used herein refers to a mon-
ovalent group having a carbocyclic aromatic system having
6 to 60 carbon atoms, and a C4-Cgy arylene group used
herein refers to a divalent group having a carbocyclic
aromatic system having 6 to 60 carbon atoms. Detailed
examples of the C,-C,, aryl group are a phenyl group, a
naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, and a chrysenyl group. When the
Cs-Cg aryl group and the C,-Cg,, arylene group each include
two or more rings, the rings may be fused to each other.
[0274] A C,-C, heteroaryl group used herein refers to a
monovalent group having a carbocyclic aromatic system that
has at least one heteroatom selected from N, O, P, and S as
a ring-forming atom, and 2 to 60 carbon atoms. A C,-Cy,
heteroarylene group used herein refers to a divalent group
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having a carbocyclic aromatic system that has at least one
heteroatom selected from N, O, P, and S as a ring-forming
atom, and 2 to 60 carbon atoms. Detailed examples of the
C,-C, heteroaryl group are a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, and an isoquinolinyl group. When
the C,-Cq, heteroaryl group and the C,-C, heteroarylene
group each include two or more rings, the rings may be fused
to each other.

[0275] A C4-Cq, aryloxy group used herein indicates
—OA, 4, (wherein A4, is the C-Cg, aryl) and a C,-Co,
arylthio group used herein indicates —SA, ,; (wherein A |5
is the C4-Cyy aryl group).

[0276] A monovalent non-aromatic condensed polycyclic
group (for example, having 8 to 60 carbon atoms) used
herein refers to a monovalent group that has two or more
rings condensed to each other, only carbon atoms as ring-
forming atoms, wherein the molecular structure as a whole
is non-aromatic. A detailed example of the monovalent
non-aromatic condensed polyecyclic group is a fluorenyl
group. A divalent non-aromatic condensed polycyclic group
used herein refers to a divalent group having the same
structure as the monovalent non-aromatic condensed poly-
cyclic group.

[0277] A monovalent non-aromatic condensed heteropo-
lycyclic group (for example, having 2 to 60 carbon atoms)
used herein refers to a monovalent group that has two or
more rings condensed to each other, has a heteroatom
selected from N, 0 P, and S, other than carbon atoms, as a
ring forming atom, wherein the molecular structure as a
whole is non-aromatic. Detailed examples of the monova-
lent non-aromatic condensed heteropolycyclic group are a
carbazolyl group. A divalent non-aromatic condensed het-
eropolycyclic group used herein refers to a divalent group
having the same structure as the monovalent non-aromatic
condensed heteropolycyclic group.

[0278] Hereinafter, an organic light-emitting device
according to an embodiment will be described in detail with
reference to Synthesis Examples and Examples. The word-
ing “B was used instead of A” used in describing Synthesis
Examples means that a molar equivalent of A was identical
to a molar equivalent of B.

EXAMPLE
Synthesis Example 1: Synthesis of Compound 813

Synthesis of Intermediate B

[0279]

iy

0)
CHO

Molecular Weight: 196.20

Intermediate A
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(0]
NaOH

—_—
EtOH

Molecular Weight: 120.15

Molecular Weight: 296.33

Intermediate B

[0280] 44.0 g (224.3 mmol) of Intermediate A, 1269 g
(224.3 mmol) of acetophenone, and 9.0 g (224.3 mmol) of
sodium hydroxide were added in 670 mL of ethanol in a
1,000 mL round bottom flask and then stirred in nitrogen
atmosphere for 2 hours at room temperature to prepare a
mixture. Crystallized solids in the mixture were filtered to
obtain Intermediate B (59.2. g and yield 88.0%). Element
analysis results of Intermediate B are as follows.

[0281] caled. C,,H,,0,: C, 84.54; H, 4.73; 0, 10.73;
found: C, 84.51; H, 4.75; O, 10.71.

Synthesis of Intermediate C

[0282]

Molecular Weight: 296.33

Intermediate B

NH
Br  NaOH
LN EOH
HCl

Molecular Weight: 235.51



US 2019/0074451 Al

-continued

Lty

(0]
=N Br

N
Molecular Weight: 477.35

Intermediate C

[0283] 13.0 g (106.2 mmol) of Intermediate B, 30.0 g
(127.4 mmol) of 3-bromobenzimidamide, and 8.5 g (212.3
mmol) of sodium hydroxide were added in 500 ml of ethanol
in a 1,000 mL round bottom flask, heated in a nitrogen
atmosphere for 15 hours to reflux the same to prepare a
mixture. Crystallized solids in the mixture were stirred with
water and then filtered. The crystallized solids were stirred
again by using ethanol and then filtered to obtain Interme-
diate C (23.8 g, yield 47%). Element analysis results of the
Intermediate C are as follows.

[0284] caled. Coll,,BIN,O: C, 70.45; I, 3.59; Br, 16.74;
N, 5.87; 0,3 35; found C, 70.43; 1, 3.60; Br, 16.72; N, 5.85;
0, 3.36.

Synthesis of Compound 813

[0285]

iy

9]

=N Br

\ 4 .
N

v

Molecular Weight: 477.35

Intermediate C

s

H

Pd(dba)2
P(t-bu)3 (50% toluene)
NaO(t-Bu)

Xylene

Molecular Weight: 167.21
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O C
o

=N

N
Molecular Weight: 563.66

Compound 813

[0286] 23.8 g (49.9 mmol) of Intermediate C, 7.0 g (41.6
mmol) of 9H-carbazole, 8.0 g (83.1 mmol) of sodium
t-butoxide, 3.8 g (4.2 mmol) of Pd(dba),, and 4.2 mL (8.3
mmol) of tri-t-butyl phosphine (50% in toluene solution)
were added to 166.2 mL of xylene in a 500 mL round bottom
flask, and heated in a nitrogen atmosphere for 15 hours to
reflux the same to prepare a mixture. The mixture was added
to 1,000 mL of methanol to filter crystallized solids, dis-
solved in monochlorobenzene to filter the same by using a
silica gel/celite, a suitable amount of organic solvent was
removed therefrom, and then the same was recrystallized
with methanol to obtain Compound 813 (11.7 g and yield
50%). Element analysis results and NMR analysis results of
Compound 813 are as follows.

[0287] caled. CoH,N;O: C, 85.24; H, 4.47; N, 7.46; O,
2.84; found C, 85.22; H, 4.46; N, 7.47; O, 2.83.

[0288] 300 MHz (CDCl,, ppm): & 8.960 (m, 1H), 8.865
(m, 2H), 8.657 (dd, 1), 8.359 (dd, 2H), 8.196 (d, 2),
8.081 (dd, 1H), 7.999 (d, 1H), 7.816 (t, 1H), 7.659-7.727 (m,
2H), 7.381-7.601 (m, 10H), 7.316 (t, 2H)

Svnthesis Example 2: Synthesis of Compound 814

[0289]

iy

(6]
==N Br

\ .
N

v

Molecular Weight: 477.35

Intermediate C
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Pd(dba)2
P(t-bu)3 (50% toluene)
NaO(t-Bu)

0]
O O Xylene
N
H

Molecular Weight: 257.29

g, e

N
7/
N

L

Molecular Weight: 653.73

Compound 814

[0290] 15.0 g (31.4 mmol) of Intermediate C, 9.7 g (37.7
mmol) of SH-benzofuro[3,2-c|carbazole, 6.0 g (62.9 mmol)
of sodium t-butoxide, 2.9 g (3.1 mmol) of Pd(dba),, and 3.1
mL (6.3 mmol) of tri-t-butyl phosphine (50% in toluene
solution) were added to 125.7 mL of xylene in a 500 mL
round bottom flask, and heated in a nitrogen atmosphere for
15 hours to reflux the same to prepare a mixture. The
mixture was added to 1,000 mL of methanol to filter
crystallized solids, dissolved in dichlorobenzene to filter the
same by using a silica gel/celite, a suitable amount of
organic solvent was removed therefrom, and then the same
was recrystallized with methanol to obtain Compound 814
(11.8 g, yield 57%). Element analysis results and NMR
analysis results of Compound 814 are as follows.

[0291] caled. C,qH,,N,0,: C, 84.51; H, 4.16; N, 6.43; O,
4.89; found C, 84.49; H, 4.17; N, 6.44; O, 4.87.

[0292] 300 MHz (CDCl,, ppm):  9.023 (1, 1H), 8.905-8.
959 (m, 2H), 8.797 (dd, 1H), 8.666 (dd, 1H), 8.392 (m, 2H),
8.110 (dd, 1H), 8.012 (m, 3H), 7.684-7.884 (t, 4H), 7.362-
7.627 (m, 12H)

Synthesis Example 3: Synthesis of Compound 815

Synthesis of Intermediate D

[0293]

iy

0)
CHO

Molecular Weight: 196.20

Intermediate A
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(6]
NaOH
EtOH
Br

Molecular Weight: 199.04

o
|

Molecular Weight: 377.23

Intermediate D

[0294] 30.0 g (152.9 mmol) of Intermediate A, 304 g
(152.9 mmol) of 1-(3-bromophenyl)ethanone, and 6.1 g
(152.9 mmol) of sodium hydroxide were added to 458.7 mL
of ethanol in a 1,000 mL round bottom flask and then stirred
in a nitrogen current for 2 hours at room temperature to
prepare a mixture. Crystallized solids in the mixture were
filtered to obtain Intermediate D (46.2 g, yield 80.0%).
Element analysis results of Intermediate D are as follows.

[0295] calcd. C, H,3BrO,: C, 66.86; H, 3,47; Br, 21.18;
0, 8.48; found C, 66.83; H, 3.45; Br, 21.17; O, 8.49.

Synthesis of Intermediate E

[0296]

Ly

Br
Molecular Weight: 377.23

Intermediate D
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NH

NaOH
HN TOR

HCI

Molecular Weight: 156.61

Ly

(0)

=N

N
Br
Molecular Weight: 477.35

Intermediate E

[0297] 80.3 g (212.9 mmol) of Intermediate D, 40.0 g
(255.4 mmol) of benzimidamide, and 17 g (425.7 mmol) of
sodium hydroxide were added to 1,000 ml of ethanol in a
2,000 mL round bottom flask and then heated in a nitrogen
atmosphere for 15 hours to reflux the same to prepare a
mixture. Crystallized solids in the mixture were filtered and
then stirred with water to filter the same. The crystallized
solids were stirred again with ethanol and then filtered to
obtain Intermediate E (45.8 g, yield 45%). Element analysis
results of Intermediate E are as follows.

[0298] caled. CogH,,BiN,O: C, 70.45; H, 3.59; Br, 16.74;
N, 5.87;0,3.35; found C, 70.44; H, 3.61; Br, 16.71; N, 5.84;
0, 3.35.

Synthesis of Compound 815

[0299]

Molecular Weight: 477.35

Intermediate E
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Pd(dba)2
P(t-bu)3 (50% toluene)
NaO(t-Bu)
N Xylene
H
Molecular Weight: 167.21
Molecular Weight: 563.66
Compound 815
[0300] 34.3.g(71.8 mmol) of Intermediate E, 10.0 g (60.0

mmol) of 9H-carbazole, 11.5 g (119.6 mmol) of sodium
t-butoxide, 5.5 g (6.0 mmol) of Pd(dba),, and 2.9 mL (12.0
mmol) of tri-t-butyl phosphine (50% in toluene solution)
were added to 239.2 mL of xylene in a 500 mL round bottom
flask and then heated in a nitrogen atmosphere for 15 hours
to reflux the same to prepare a mixture. The mixture was
added to 1,000 mL of methanol to filter crystallized solids,
which were dissolved in monochlorobenzene to be filtered
by using a silica gel/celite, a suitable amount of organic
solvent was removed therefrom and then recrystallized with
methanol to obtain Compound 815 (22.2 g, yield 66%).
Element analysis results and NMR analysis results of Com-
pound 815 are as follows.

[0301] caled. C,H,,N,0: C, 85.24; H, 4.47; N, 7.46; O,
2.84; found C, 85.21; H, 4.47; N, 7.48; O, 2.86.

[0302] 300 MHz (CDCl;, ppm): 8 8.905 (s, 1H), 8.745 (m,
3H), 8.635 (t, 1H), 8.473 (tt, 1H), 8.208 (d, 2H), 8.120 (dd,
1H), 8.016 (d, 1H), 7.802-7.885 (m, 2H), 7.317-7.600 (m,
13H)

Synthesis Example 4: Synthesis of Compound 816
[0303]

Molecular Weight: 477.35

Intermediate E
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Pd(dba)2
P(t-bu)3 (50% toluene)
NaO(t-Bu)

Xylene

0]
N I
H

Molecular Weight: 257.29

Molecular Weight: 653.73

Compound 816

[0304] 19.0 g (56.0 mmol) of Intermediate E, 12.0 g (46.6
mmol) of 5H-benzofuro[3,2-c]carbazole, 6.7 g (70.0 mmol)
of sodium t-butoxide, 1.3 g (1.4 mmol) of Pd(dba),. and 2.1
mL (4.2 mmol) tri t-butylphosphine (50% in toluene) were
added to 182.9 mL of xylene in a 500 mL round bottom flask
and then heated in a nitrogen atmosphere for 15 hours to
reflux the same to prepare a mixture. The mixture was added
to 1,000 mL of methanol to filter crystallized solids, dis-
solved in dichlorobenzene to filter the same by using a silica
gel/celite, a suitable amount of organic solvent was removed
therefrom, and then the same was recrystallized with metha-
nol to obtain Compound 816 (14.7 g, vield 48%). Element
analysis results and NMR analysis results of Compound 816
are as follows.

[0305] caled. C,gH,,N,0,: C, 84.51; H, 4.16; N, 6.43; O,
4.89; found C, 84.53; I, 4.18: N, 6.42; O, 4.87.

[0306] 300 MHz (CDCL, ppm): 5 8.903 (s, 1), 8.739 (d,
3H), 8.641 (t, 2H), 8.506 (d, 1H), 8.096 (d, 1), 7.976 (m.
3H), 7.868 (m, 2H), 7.763 (d, 1H), 7.347-7.634 (m, 13H)

Synthesis Example 5: Synthesis of Compound 506

[0307]

a N#Cl BOH2
\§ ! O o)
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a) Synthesis of Intermediate 506-1

[0308] 22.6 g (100 mmol) of 2,4-dichloro-6-phenyltriaz-
ine was added to 100 mL of tetrahydrofuran, 100 mL of
toluene, and 100 mL of distilled water in a 500 mL round-
bottom flask, and then, 0.9 equivalent weights of dibenzo-
furan-3-boronic acid, 0.03 equivalent weights of tetrakistri-
phenylphosphine palladium, and 2 equivalent weights of
potassium carbonate were added thereto, followed by heat-
ing while refluxing in a nitrogen atmosphere. After 6 hours,
the reaction solution was cooled, the water layer was
removed, and the organic layer was dried under reduced
pressure. The resulting solid was washed with water and
hexane, and the solid was recrystallized by using 200 ml of
toluene to complete the preparation of Intermediate 506-1 at
a yield of 60%.

b) Synthesis of Compound 506

[0309] 8.01 g (22.4 mmol) of Intermediate 506-1 synthe-
sized above was added to 80 mL of tetrahydrofuran and 40
mL of distilled water in a 500 mL round-bottom flask, and
1.0 equivalent weight of 9-(4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)-phenyl)-carbazole (CAS: 785051-54-9),
0.03 equivalent weights of tetrakistriphenylphosphine pal-
ladium, and 2 equivalent weights of potassium carbonate
were added thereto, followed by heating while refluxing in



US 2019/0074451 Al Mar. 7, 2019
172

a nitrogen atmosphere. After 18 hours, the reaction solution _continued
was cooled and the precipitated solid was filtered and

washed with 500 mL of water. The solid was recrystallized

by using 500 mL of monochlorobenzene to complete the 0 Q
preparation of 10.12 g of Compound 506. O

[0310] LC/MS calculated for: C;oH,,N,O Exact Mass: Nz,
564.1950 found for: 565.20. \
N
Neo/

Synthesis Example 6: Synthesis of Compound 825

[0311]

s

[0312] Compound 825 was synthesized in the same man-

o ner as in the same manner as in “b)” of Synthesis Example

O Q Nag 0N 5, except that 9-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
§ B 2-yl)-phenyl)-carbazole (CAS: 870119-58-7) was used in an
N 0 equivalent weight of 1.0 instead of 9-(4-(4,4,5,5-tetram-

ethyl-1,3,2-dioxaborolan-2-yl)-phenyl)-carbazole.

[0313] LC/MS calculated for: C34H,,N,O Exact Mass:

564.1950 found for: 565.20.

506-1 Comparative Synthesis Example 1: Synthesis of
Comparative Compound R1

[0314]

o

oo —

: O

Br

RI-1



US 2019/0074451 Al

Mar. 7, 2019

173

-continued

a) Synthesis of Intermediate R1-1

[0315] Intermediate R1-1 was synthesized in the same
manner as in “b)” of Synthesis Example 5, except that each
of 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-dibenzo-
furan and 1-bromo-4-chloro-benzene was used in an equiva-
lent weight of 1 instead of Intermediate 506-1 and 9-(4-(4,
4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl)-
carbazole.

b) Synthesis of Intermediate R1-2

[0316] One equivalent weight of Intermediate R1-1 syn-
thesized above was added to 150 mL of xylene in a 500 mL
round-bottom flask, and 0.05 equivalent weights of dichlo-
rodiphenylphosphinoferrocene palladium, 1.2 equivalent
weights of bis(pinacolato)diboron, and 2 equivalent weights
of potassium acetate were added thereto, followed by heat-
ing while refluxing for 18 hours in a nitrogen atmosphere.
After cooling the reaction solution, the resultant solution
was washed with water through extraction, the organic layer
was treated with activated carbon and filtered through silica
gel, and the filtrate was concentrated. The concentrated solid

was stirred with a small amount of hexane, and then the solid
was filtered therefrom to complete the preparation of Inter-
mediate R1-2 at a yield of 75%.

¢) Synthesis of Intermediate R1-3

[0317] Intermediate R1-3 was synthesized in the same
manner as in “a)” of Synthesis Example 5, except that 0.9
equivalent weights of [4-(9H-carbazol-9-yl)phenyl]|boronic
acid was used instead of dibenzofuran-3-boronic acid.

d) Synthesis of Comparative Compound R1

[0318] Comparative Compound R1 was synthesized in the
same manner as in “a)” of Synthesis Example 5, except that
Intermediate R1-2 and Intermediate R1-3 was used in an
equivalent weight of 1 instead of 2,4-dichloro-6-pheny]tri-
azine and dibenzofuran-3-boronic acid.

[0319] LC/MS calculated for: C, H, N,O Exact Mass:
640.2263 found for: 641.23.
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Comparative Synthesis Example 2: Synthesis of
Comparative Compound R2

[0320]

cl
N
a %
\ X B(OH),
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N
N\
/ N C’

a) Synthesis of Intermediate R2-1

[0321] Intermediate R2-1 was synthesized in the same
manner as in “a)” of Synthesis Example 5, except that
2,4-dichloro-6-phenylpyrimidine was used in an equivalent
weight of 1 instead of 2,4-dichloro-6-phenyltriazine.

b) Synthesis of Comparative Compound R2

[0322] Comparative Compound R2 was synthesized in the
same manner as in “b)” of Synthesis Example 5, except that
each of Intermediate R2-1 synthesized above was used in an
equivalent weight of 1.0 instead of Intermediate 506-1.
[0323] LC/MS calculated for: C, H,sN,O Exact Mass:
563.1998 found for: 564.23.

Comparative Synthesis Example 3: Synthesis of
Comparative Compound R3
[0324]

N, Cl

z="
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a) Synthesis of Intermediate R3-1

[0325] In a nitrogen atmosphere, 7.86 g (323 mmol) of
magnesium and 1.64 g (6.46 mmol) of iodine were added to
0.1 L of tetrahydrofuran (THF) and stirred for 30 minutes,
and then, 80 g (323 mmol) of 3-bromodibenzofuran dis-
solved in 0.3 L of THF was slowly added dropwise thereto
at atemperature of 0° C. for 30 minutes. The resulting mixed
solution was slowly added dropwise to 29.5 g (160 mmol)
of cyanuric chloride dissolved in 0.5 L of THF at a tem-
perature of 0° C. for 30 minutes. The reaction temperature
was raised to room temperature, followed by 1 hour of
stirring. Then, in the refluxing condition, the resultant solu-
tion was additionally stirred for 12 hours. After cooling the
reaction mixture, water was added slowly to terminate the
reaction, and the organic solvent was concentrated under
reduced pressure to obtain a solid. This was stirred with 200
mL of acetone and then filtered to complete the preparation
of Intermediate R3-1 at a yield of 40%.

b) Synthesis of Comparative Compound R3

[0326] Comparative Compound R3 was synthesized in the
same manner as in “b)” of Synthesis Example 5, except that
each of Intermediate R3-1 synthesized above was used in an
equivalent weight of 1.0 instead of Intermediate 506-1.

[0327] LC/MS calculated for: C,sH,N,O, Exact Mass:
654.2056 found for: 655.2089.

Evaluation Example 1: Evaluation of HOMO,
LUMO, and Triplet (T1) Energy Levels of
Compounds

[0328] HOMO, LUMO, and triplet (T1) energy levels of
Compounds 813 to 824 were evaluated by using a DFT
method of a Gaussian program (optimized at B3LYP and
6-31G(d,p) levels) and the results obtained therefrom are
shown in Table 1 below.

TABLE 1
Compound No.  HOMO (V)  LUMO (eV) T, energy level (eV)
813 -5.236 -1.880 2.994
815 -5.355 -1.802 3.096
817 -5.252 -1.877 3.002
819 -5.435 -1.894 3.089
814 -5.150 -1.894 2.9
816 -5.344 -1.909 3.02
820 -5.303 -1.925 2.959
818 -5.139 -1.885 2.904
821 -5.188 -1.893 2.945
822 -5.350 -1.934 2.997
823 -5.206 -1.897 2.951
824 -5.394 -1.913 3.063
[0329] Thereafter, HOMO, LUMO, S1 energy level, and

T1 energy level of Compounds 813 to 816 obtained accord-
ing to the method in Table 2 and the results thereof are
shown in Table 3.

TABLE 2

An evaluation
method of a HOMO
energy level

An evaluation
method of a LUMO
energy level

An evaluation
method of evT1

Each compound was diluted in CHCI, at a concentration of 1 x 107°M to
measure UV absorption spectrum by using a Shimadzu UV-350 Spectrometer
at room temperature and then a HOMO energy level was calculated by using
an optical band gap (Eg) from an edge of the absorption spectrum.

Cyclic voltammetry (CV) (electrolyte: 0.1M Bu,NCIO,/solvent: CH,Cl,/
electrode: a 3-electrode system (working electrode: GC, standard electrode:
Ag/AgCl, and supply electrode: Pt)) was used to obtain a voltage (V)-current
(A) graph for each compound and a LUMO energy level was calculated from a
reduction onset of the graph.

A mixture of toluene and each compound (1 mg of each compound was

dissolved in 3 cc of toluene) was added to a quartz cell and liquid nitrogen (77 K)
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Example 2

An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 815 was used as a host instead of Compound 813

Example 3
An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 814 was used as a host instead of Compound 813

energy level was added thereto, a photoluminescence measurement device was used to
measure photoluminescence spectrum, which was compared to a conventional
room temperature photoluminescence spectrum to only analyze the peak
observed only at low temperature and calculate a T1 energy level.
TABLE 3
[0334]
Compound No. HOMO (eV) LUMO (eV)  T1 energy level (eV)
813 -5.432 -1.901 2.994 .
815 -5.665 -1.972 3.096 when forming an EML.
814 -5.451 -1.998 2.9
816 -5.643 -1.942 3.02
[0335]
[0330] It may be concluded from Tables 1 and 3 that the

condensed-cyclic compounds have suitable electrical prop-
erties to be used as a material for an organic light-emitting
device.

Evaluation Example 2: Evaluation of Thermal
Properties of Synthesized Compounds

[0331] compounds 813 to 816 were subjected to thermal
analyses by using Thermo Gravimetric Analysis (TGA) and
Differential Scanning calorimetry (DSC) (N, atmosphere
and temperature range for TGA: room temperature ~800° C.
(10° C./min), for DSC: from room temperature to 400° C.,
Pan Type: for TGA: Pt Pan in a disposable Al Pan, for DSC:
a disposable Al pan) and results obtained therefrom are
shown in Table 4. From Table 4, it may be concluded that
Compounds 813 to 816 have excellent thermal stabilities.

TABLE 4
Compound No. Te (° C) Tm (° C.) Tg(° C)
813 — — 101.21
815 218.72 241.72 102.57
814 — 312.38 —
816 — — 139.38
Example 1
[0332] An ITO glass substrate was cut to a size of 50

mmx50 mmx0.5 mm, and the ITO glass substrate was
ultrasonically washed using isopropyl alcohol and pure
water for 15 minutes each, followed by irradiation of UV
and exposure to ozone for cleaning for about 30 minutes.

[0333] m-MTDATA was vacuum deposited on the ITO
glass substrate to form an HIL having a thickness of 600 A,
and a.-NPB was vacuum deposited at a rate of 1 A/sec on the
HIL to form an EML having a thickness of 300 A. There-
after, Ir(ppy); (dopant) and Compound 813 (host) were
co-deposited at a rate of 0.1 A/sec and 1 A/sec, respectively,
on the HTL to form an EML having a thickness of 400 A.
BAlq was vacuum deposited on the EML at a rate of 1 A/sec
to form an HBL having a thickness of 50 A and then Alq,
was vacuum deposited on the HBL to form an ETL having
a thickness of 300 A. Then, LiF 10 A (EIL) and Al 2000 A
(cathode) were sequentially vacuum deposited on the ETL to
manufacture an organic light-emitting device.

when forming an EML.

Example 4

[0336] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 816 was used as a host instead of Compound 813
when forming an EML.

Comparative Example 1

[0337] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound A was used as a host instead of Compound 813
when forming an EML.

iy

S

Compound A

N N N
o 9
|-

Comparative Example 2

[0338] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound B was used as a host instead of Compound 813
when forming an EML.

Compound B
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Comparative Example 3

[0339] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound C was used as a host instead of Compound 813
when forming an EML.

Compound C

<

@)

QQD
S

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

[0340] Changes in current density and brightness, and
emission efficiency of each organic light-emitting device
manufactured in Examples 1 to 4 and Comparative
Examples 1 to 3 were measured. A detailed method of
measurement is as described below and results obtained
therefrom are shown in Table 5 below:

[0341] (1) Measurement of Changes in Current Density
According to Changes in Voltage

[0342] Foreach organic light-emitting device, voltage was
increased from 0 volts (V) to 10 V to measure current that
flows through a unit cell therein by using a voltage-current
meter (Keithley 2400) and the current was divided by
surface area to obtain a current density.

[0343] (2) Measurement of Changes in Brightness
According to Changes in Voltage

[0344] For each organic light-emitting device, brightness
was measured while increasing voltage from 0 V to 10 V to
by using Cs-1000A (a product of Minolta).

[0345] (3) Measurement of Emission Efficiency

[0346] Brightness, current density, and voltage measured
from (1) and (2) were used to calculate current efficiency
(candelas per ampere (cd/A)) at the same current density (10
milliamperes per square centimeter (mA/cm?)).

TABLE 5
Driving  Current
voltage  density  Brightness
Host Dopant V) (cd/A) (cd/m?)

Example 1 ~ Compound 813 Ir(ppy)s 3.7 40.3 3500
Example 2 Compound 815 Ir(ppy)s 3.4 46.2 3500
Example 3 Compound 814 Ir(ppy)s 4.1 36.1 3500
Example 4  Compound 816 Ir(ppy)s 3.8 33.8 3500
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TABLE 5-continued

Driving  Current
voltage  density  Brightness
Host Dopant V) (cd/A) (cd/m?)

Comparative Compound A Ir(ppy), 4.4 32.6 3500
Example 1
Comparative Compound B Ir(ppy)s 43 315 3500
Example 2
Comparative Compound C  Ir(ppy), 4.2 32.9 3500
Example 3
[0347] From Table 5, it may be concluded that the organic

light-emitting devices of Examples 1 to 4 have lower driving
voltage, high efficiency, and high brightness compared the
organic light-emitting devices of Comparative Examples 1
to 3.

Examples 5 and 6

[0348] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound 506 and 825, respectively, was used as a host
instead of Compound 813 when forming an EML.

Comparative Examples R1 to R3

[0349] An organic light-emitting device was manufac-
tured in the same manner as in Example 1, except that
Compound R1 to R3, respectively, was used as a host instead
of Compound 813 when forming an EML.

Evaluation Example 3

[0350] Driving voltage, luminous power efliciency and
lifespan (T90@24K) of each organic light-emitting device
manufactured in Example 5 and Comparative Example R1
were measured. A detailed method of measurement is as
described below and results obtained therefrom are shown as
a relative value (%) in Table 6 below. The relative value of
the driving voltage, the luminous power efliciency and the
lifespan of the organic light-emitting device of Comparative
Example R1 were regarded as “100%.”

[0351] (1) Measurement of Current Density Change
Depending on Voltage Change

[0352] Current values flowing in the unit device of the
manufactured organic light emitting diodes were measured
for, while increasing the voltage from 0 V to 10 V using a
current-voltage meter (Keithley 2400), and the measured
current values were divided by an area to provide the results.
[0353] (2) Measurement of Luminance Change Depend-
ing on Voltage Change

[0354] Luminance of the manufactured organic light emit-
ting diodes was measured for luminance, while increasing
the voltage from 0 V to 10 V using a luminance meter
(Minolta Cs-1000A).

[0355] (3) Measurement of Luminous Power Efficiency
[0356] Luminous Power efficiency (Im/W) at the same
current density (10 mA/cm?) was calculated by using the
luminance, current density, and voltages (V) from the items
(1) and (2).

[0357] (4) Measurement of Driving Voltage

[0358] Driving voltages (V) of each device were measured
at 15 mA/cm® using a current-voltage meter (Keithley
2400).
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[0359] (5) Measurement of Lifespan (T90@24K)

[0360] T,, was measured an amount of time that lapsed
when 100% of the initial luminance (2400 cd/m?) was
decreased to 90% at 24K using a Polanonix life-span mea-
surement system.

TABLE 6
Luminous
Power Too@24K
Driving voltage  Efficiency (relative
Host (relative value) (relative value) value)
Example 5 Compound 506 91% 137% 288%
Comparative  Comparative 100% 100% 100%

Example R1  Compound R1

[0361] From Table 6, it may be concluded that the organic
light-emitting device of Example 5 has lower driving volt-
age, higher luminous power efficiency, and longer lifespan
compared the organic light-emitting devices of Comparative
Example R1.

Evaluation Example 4

[0362] Driving voltage and lifespan (T90@24K) of each
organic light-emitting device manufactured in Example 6
and Comparative Example R2 were measured. A detailed
method of measurement is as described in Evaluation
Example 3 and results obtained therefrom are shown as a
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relative value (%) in Table 7 below. The relative value of the
driving voltage and the lifespan of the organic light-emitting
device of Comparative Example R2 were regarded as
“100%.”

TABLE 7

Driving voltage Tgo@24K

Host (relative value) (relative value)
Example 6 Compound 825 96% 162%
Comparative Comparative 100% 100%
Example R2 Compound R2
l Q N
Q -
\ N i
Ned

825

[0363]
light-emitting device of Example 6 has lower driving volt-
age, and longer lifespan compared the organic light-emitting
devices of Comparative Example R2.

From Table 7, it may be concluded that the organic

Evaluation Example 5

[0364] Driving voltage and lifespan (T90@24K) of each
organic light-emitting device manufactured in Example 6
and Comparative Example R3 were measured. A detailed
method of measurement is as described in Evaluvation
Example 3 and results obtained therefrom are shown as a
relative value (%) in Table 8 below. The relative value of the
driving voltage and the lifespan of the organic light-emitting
device of Comparative Example R3 were regarded as
“100%.”
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TABLE 8

Driving voltage Too@24K

Host (relative value)  (relative value)
Example 6 Compound 825 105% 141%
Comparative Comparative 100% 100%
Example R3 Compound R3

0

825

0
as
O

[0365] From Table 8, it may be concluded that the organic
light-emitting device of Example 6 has longer lifespan
compared the organic light-emitting devices of Comparative
Example R2.

[0366] As described above, according to the one or more
of the above embodiments, the condensed-cyclic compound
have excellent electrical properties and thermal stability and
thus, an organic light-emitting device including the con-
densed-cyclic compound may have low driving voltage,
high efficiency, high brightness, and a long lifespan.

[0367] Itshould be understood that the exemplary embodi-
ments described therein should be considered in a descrip-
tive sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment should
typically be considered as available for other similar features
or aspects in other embodiments.

[0368] While one or more embodiments have been
described with reference to the FIGURES, it will be under-
stood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the following claims.

179
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What is claimed is:
1. A condensed-cyclic compound represented by Formula
1A:

Formula 1A
(Rs)es
(Rejos \/ ‘/ = /7 S Ri7o17
It ‘
2 SN
\ /YXI R
X \ 21)a21™
4 < 7/ \\
=X VA ,‘
(IL4)a4 e
(Ra)p4
wherein in Formula 1A,
ring A, is represented by Formula 1D;
Formula 1D

Risk1s
A

F

X, to X5 is N;

X,1800rS;

L, and L,, are each independently selected from groups
represented by Formulae 2-1, 2-2 and 2-34;

Formula 2-1
. (Zna
| Y
/ w
Formula 2-2
ZDa1
| YA
* / £
Formula 2-34

Zar

| IS
S

*

wherein in Formulae 2-1, 2-2 and 2-34, 7, is selected
from a hydrogen, a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a
salt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy
group and a phenyl group and dl is selected from
integers of 1 to 4;

a4 is selected from integers 0 to 3 and a21 is 0, 1, 2 or 3;

Rs, Rg, R s and R, 5 are each independently selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
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group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a
salt thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy
group;,

R, is selected from:
a phenyl group; and

a phenyl group, substituted with at least one of a deute-
rium, —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 car-
boxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group,
and a biphenyl group;

b4 to b6, bl5 and b17 are each independently selected
from integers of 1 to 3.

2. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is represented by one of
Formulae 1A(1) to 1A(4):

Formula 1A(1)

Ri7)p17

Formula 1A(2)

Formula 1A(3)

7/ ‘\/(Rn)bn
Y

X
/ \7/ L2Da2—N,
X2 S
7¢X3 Al

. N ,
Lalos pORIR

/
(Ra)ea
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Formula 1A(4)
(Rs)ps
\\/(R17)b17
X
/ \7/(Lll)a21_N
X ' .
| —=X3 ". A ':
(Re)ps ;L4)u4 Mo o

Ra)pa

wherein in Formulae 1A(1) to 1A(4), descriptions of ring
Als Xl to X4s L4s L215 al, 321, R4 to R6s RlSs R175 b4
to b6, bl5 and b17 are the same as described in claim
1.

3. The condensed-cyclic compound of claim 1, wherein
a2l 1s 0, 1 or 2.

4. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is one of Compounds 1, 85,
169, 253, 337, 421, 505, 506, 575, 659, 660, 729 and 825:

85
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-continued
660

-0

N/

Qo
S L

5. An organic light-emitting device comprising
a first electrode;
a second electrode; and

an organic layer disposed between the first electrode and
the second electrode,

wherein the organic layer comprises an emission layer
and the condensed-cyclic compound of claim 1.

6. The organic light-emitting device of claim 5, wherein

the first electrode is an anode and

the second electrode is a cathode,

wherein the organic layer comprises

i) a hole transport region disposed between the first
electrode and the emission layer,
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wherein the hole transport region comprises at least one of
a hole-injection layer, a hole-transporting layer, and an
electron-blocking layer; and
ii) an electron transport region disposed between the
emission layer and the second electrode,
wherein the electron transport region comprises at least
one layer selected from a hole-blocking layer, an elec-
tron-transporting layer, and an electron-injecting layer.
7. The organic light-emitting device of claim 5, wherein
the emission layer comprises the condensed-cyclic com-
pound.
8. The organic light-emitting device of claim 7, wherein
the emission layer further comprises an organometallic
compound represented by Formula 81:

Formula &1

| /M—(Lm)nm

(R
Rez)ass _|

wherein in Formula 81,

M is selected from Ir, Pt, Os, Ti, Zr, Hf, Eu, Tb, and Tm;

Y, to'Y, are each independently C or N;

Y, and Y, are connected by a single bond or a double
bond and

Y, and Y, are connected by a single bond or a double
bond;

CY, and CY, are each independently selected from a
benzene, a naphthalene, a fluorene, a spiro-fluorene, an
indene, a pyrrole, a thiopene, a furan, an imidazole, a
pyrazole, a thiazole, an isothiazole, an oxazole, an
isooxazole, a pyridine, a pyrazine, a pyrimidine, a
pyridazine, a quinoline, an isoquinoline, a benzoqui-
noline, a quinoxaline, a quinazoline, a carbazole, a
benzoimidazole, a benzofuran, a benzothiopene, an
isobenzothiopene, a benzooxazole, an isobenzoox-
azole, a triazole, a tetrazole, an oxadiazole, a triazine,
a dibenzofuran, and a dibenzothiopene, wherein CY,
and CY, are optionally bound to each other by a single
bond or an organic linking group;

Rg, and Ry, are each independently selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a
salt thereof, —SF,, a substituted or unsubstituted
C,-Cy, alkyl group, a substituted or unsubstituted
C,-Cq, alkenyl group, a substituted or unsubstituted
C,-C, alkynyl group, a substituted or unsubstituted
C,-Cqo alkoxy group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsub-
stituted C,-C,,, cycloalkenyl group, a substituted or
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unsubstituted C,-C,, heterocycloalkenyl group, a sub-
stituted or unsubstituted C,-Cg, aryl group, a substi-
tuted or unsubstituted C¢-Cy,, aryloxy group, a substi-
tuted or unsubstituted Cg-Cy, arylthio group, a
substituted or unsubstituted C,-Cy, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic hetero-condensed

polycyclic group, —N(Q,)(Q,), —Si(Q;)(Q,)(Qs), and
—B(Q)(Q5);

a81 and a82 are each independently selected from integers
of 1 to 5;

n81 is selected from integers of 0 to 4;

n82 is 1, 2, or 3; and

Lg; is selected from a monovalent organic ligand, a
divalent organic ligand, and a trivalent organic ligand.
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