a2 United States Patent

Hwang et al.

US010040794B2

US 10,040,794 B2
Aug, 7,2018

(10) Patent No.:
(45) Date of Patent:

(54) CONDENSED CYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

(71)  Applicants:Samsung Electronics Co., Ltd.,
Suwon-si, Gyeonggi-do (KR); Samsung
SDI Co., Litd, Yongin-si, Gyeonggi-do
(KR)

(72) Inventors: Kyuyoung Hwang, Ansan-si (KR);
Ohyun Kwon, Yongin-si (KR);
Sangmo Kim, Hwaseong-si (KR);
Joohee Seo, Uiwang-si (KR); Seungjae
Lee, Uiwang-si (KR); Byoungki Choi,
Hwaseong-si (KR); Hyeonho Choi,
Seoul (KR)

(73) Assignees: SAMSUNG ELECTRONICS CO.,
LTD., Gyeonggi-Do (KR); SAMSUNG
SDI CO., LTD., Gyeonggi-Do (KR)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 424 days.

(21) Appl. No.: 14/661,619

(22) Filed: Mar. 18, 2015
(65) Prior Publication Data
US 2015/0325799 A1~ Nov. 12, 2015
(30) Foreign Application Priority Data
May 7, 2014  (KR) oo 10-2014-0054432
(51) Imt. CL
HOIL 51/00 (2006.01)
Co7D 471/14 (2006.01)
HOIL 51/50 (2006.01)
CO7D 471/04 (2006.01)
CO7D 471722 (2006.01)
CO7D 491/147 (2006.01)
CO7D 491722 (2006.01)
CO07D 495/14 (2006.01)
CO7D 519/00 (2006.01)
CO7F 7/08 (2006.01)
(52) US.CL
CPC ... CO7D 471/14 (2013.01); CO7D 471/04

(2013.01); CO7D 471722 (2013.01); CO7D
491/147 (2013.01); CO7D 491/22 (2013.01);
CO07D 495/14 (2013.01); CO7D 519/00
(2013.01); CO7F 7/0816 (2013.01); HOIL
51/0067 (2013.01); HOIL 51/0072 (2013.01);
HOIL 5175012 (2013.01); HOIL 51/5016
(2013.01); HOIL 51/5056 (2013.01); HOIL
51/5072 (2013.01); HOIL 51/5088 (2013.01);
HOIL 51/5092 (2013.01); HOIL 51/5096
(2013.01)
(58) Field of Classification Search
CPC i HO1L 51/0072
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
8,748,015 B2

2010/0032658 Al
2012/0273770 Al

6/2014 Morishita et al.
2/2010 Lee et al.
11/2012 Sunagawa et al.

FOREIGN PATENT DOCUMENTS

Jp 2008214307 B2 9/2008
Jp 2013042045 A 2/2013
KR 1020100007780 A 1/2010
KR 1020100137198 A 12/2010
KR 1020120079037 A 7/2012
KR 1020120119942 A 11/2012
KR 10 2013 0073700 * 72013
KR 10-1313505 Bl 9/2013
KR 101313505 Bl 10/2013
KR 10-1456521 B1  10/2014
WO 2012090462 Al 7/2012
OTHER PUBLICATIONS

Lussem et al. “Bright prospects for organic-LED lighting” (SPIE
Newsroom Dec. 28, 2009) http://spie.org/newsroom/2522-bright-
prospects-for-organic-led-lighting. *

KR 10 2013 0073700 machine translation (2013).*
Ghorbani-Vaghei (Tetrahedron Letters, 53 (2012) 4751-4753).*

* cited by examiner

Primary Examiner — Kuo Liang Peng
(74) Attorney, Agent, or Firm — Cantor Colburn LLP

(57) ABSTRACT
A condensed cyclic compound represented by Formulae 1A

or 1B:
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wherein in Formulae 1A and 1 B, groups, rings, substitu-
ents, and variables are defined in the detailed descrip-
tion.
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1
CONDENSED CYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Korean Patent Appli-
cation No. 10-2014-0054432, filed on May 7, 2014, in the
Korean Intellectual Property Office, and all the benefits
accruing therefrom under 35 U.S.C. § 119, the content of
which is incorporated herein in its entirety by reference.

BACKGROUND

1. Field

The present disclosure relates to condensed cyclic com-
pounds and organic light-emitting devices including the
same.
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2. Description of the Related Art

Organic light emitting devices (OLEDs) are self-emission
devices that have wide viewing angles, high contrast ratios,
and short response times. In addition, the OLEDs exhibit
excellent brightness, driving voltage, and response speed
characteristics, and produce full-color images.

A typical organic light-emitting device includes an anode,
a cathode, and an organic layer that is disposed between the
anode and the cathode and includes an emission layer. A hole
transport region may be disposed between the anode and the
emission layer, and an electron transport region may be
disposed between the emission layer and the cathode. Holes
provided from the anode may move toward the emission
layer through the hole transport region, and electrons pro-
vided from the cathode may move toward the emission layer
through the electron transport region. Carriers, such as holes
and electrons, are recombined in the emission layer to
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2

produce excitons. These excitons change from an excited
state to a ground state, thereby generating light.

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

SUMMARY

One or more embodiments relate to a novel condensed
cyclic compound and an organic light-emitting device
including the same.

Additional aspects will be set forth in part in the descrip-
tion which follows and, in part. will be apparent from the
description, or may be learned by practice of the presented
embodiments.

An aspect provides a condensed cyclic compound repre-
sented by Formulae 1A or 1B:

Formula 1A
\/l’(Ll)al_(Rl)bl
/ cl
|
R3)p3
Formula 1B
X3 X \ /
~
’\VLILI—(R])“]
el
X4 N
Formula 1C

wherein in the formulae,

Ring A, in Formulae 1A and 1B is represented by For-
mula 1C;

Ring B, in Formulae 1A and 1B is a C,-C,, aromatic ring;

X, 1s selected from N-[(L,;),51-(Rs; )pails S, O, S(=0),
S(=0),, C(Ry;)(Ry3), and Si(Ry,)(R,3);

Xipis Nor C(Ly))on-Rypuls

Xz 18 Noor C-[(L12)a12-(Ri2)p10l0

X5 s Noor C-[(L3)a13-(Ry3)15)5

Xiais Noor C-{(L14)a1a-Rya)p4l;

provided that at least one selected from X, to X, is N;

L,toL; L, toL,, 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 substituted or unsubstituted
C,-Cy, cycloalkenylene group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkenylene group, a substituted or
unsubstituted C4-Cy, arylene group, a substituted or unsub-
stituted C,-Cq,, heteroarylene group, a substituted or unsub-
stituted divalent non-aromatic condensed polycyclic group,
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and a substituted or unsubstituted divalent non-aromatic
condensed heteropolycyclic group;

al to a3, all to al4, and a21 may be each independently
an integer selected from 0 to 5;

R, to R;, R;; to R, and R,, to R,; 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 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,-C,, 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 C4-Cq,, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C4-C,,, arylthio group, a substituted or unsubstituted
C,-C heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed

heteropolycyclic group, —N(Q,)(Qs). —Si(Q:)(Qu)(Qs).

and —B(Q4)(Q7);
bl to b3, b1l to bl4, and b21 may be each independently

an integer selected from 1 to 5;

cl and c2 are each independently an integer selected from
1to 4

at least one of substituents of the substituted C;-C,
cycloalkylene group, the substituted C,-C,, heterocy-
cloalkylene group, the substituted C,-C,, cycloalkenylene
group, the substituted C,-C, , heterocycloalkenylene group,
the substituted C,-Cs, arylene group, the substituted C,-Cg,
heteroarylene group, the substituted divalent non-aromatic
condensed polycyclic group, the substituted divalent non-
aromatic condensed heteropolycyclic group, the substituted
C,-Cq, alkyl group, the substituted C,-Cg, alkenyl group,
the substituted C,-Cg, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C,-C,, cycloalkyl group, the
substituted C,-C,, heterocycloalkyl group, the substituted
C;-C;, cycloalkenyl group, the substituted C,-C,, hetero-
cycloalkenyl group, the substituted C,-Cg, aryl group, the
substituted Cy-Cgy aryloxy group, the substituted Cg-Ce,
arylthio group, the substituted C,-Cy, heteroaryl group, the
substituted monovalent non-aromatic condensed polycyclic
group, and the substituted monovalent non-aromatic con-
densed heteropolycyclic group may be selected from

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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,-Cgp alkenyl group, a C,-Cg, alkynyl group, and a C,-Cy,
alkoxy group;

a C;-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from 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 C5-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-Cep
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl

10

15

20

25

30

35

40

45

50

55

60

65

4

group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-

cyclic group, —N(Q,;)(Q;2), —Si(Q;2)(Q14)(Qy5), and
—B(Q16)(Qy7):

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cyg-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group;

a C5-Cy, cycloalkyl group, a C,-C;, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-Cy, aryl group, a C,-Cy,, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cq,, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, 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,-Cg, alkynyl group, a C,-C,, alkoxy group, a
C;-Cy, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy aryl group, a C,-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 condensed heteropolycyclic group,

—N(Q2)(Q2), —Si(Q2:)Q24)(Qss) and —B(Q,6)(Q55);

and
—S1(Q53)(Q54)(Qs5), and  —B(Qs6)

—N(Q3)(Qs2).
(Qs7):

wherein Q, to Q;, Q10 Q7 Qy; 10 Qo7 and Qs to Q35
are each independently 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 t hereof, a phosphoric acid or a salt
thereof, a C,-Cg, alkyl group, a C,-Cq, alkenyl group, a
C,-Cg, alkynyl group, a C,-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C,-C, 4 heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cgo aryl group, a C4-Cp aryloxy group, a C4-Co arylthio
group, a C,-Cy, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, or a monovalent non-
aromatic condensed heteropolycyclic group.

Another aspect provides an organic light-emitting device
including;

a first electrode;

a second electrode;

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

wherein the organic layer includes an emission layer, and
further includes at least one condensed cyclic compound
represented by Formula 1.

The condensed cyclic compound may be included in the
emission layer, the emission layer may further include a
dopant, and the condensed cyclic compound included in the
emission layer may act as a host.

BRIEF DESCRIPTION OF THE DRAWINGS

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

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present 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. The term “or” means “and/or.”” 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.

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.

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 distin-
guish one element, component, region, layer, or section from
another element, component, region, layer, or section. Thus,
a first element, component, region, layer, or section dis-
cussed below could be termed a second element, component,
region, layer, or section without departing from the teach-
ings of the present embodiments.

The terminology used herein is for the purpose of describ-
ing 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.

It will be further understood that the terms “comprises”
and/or “comprising,” or “includes” and/or “including” when
used in this specification, specify the presence of stated
features, regions, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
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relationship to another element(s) or feature(s) as illustrated
in the FIGURES. It will be understood that the spatially
relative terms are intended to encompass different orienta-
tions of the device in use or operation in addition to the
orientation depicted in the FIGURES. For example, if the
device in the FIGURES is turned over, elements described
as “below” or “beneath” other elements or features would
then be oriented “above” the other elements or features.
Thus, the exemplary term “below” can encompass both an
orientation of above and below. The device may be other-
wise oriented (rotated 90 degrees or at other orientations)
and the spatially relative descriptors used herein interpreted
accordingly.

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

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, 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.

Exemplary embodiments are described herein with refer-
ence to cross section illustrations that are schematic illus-
trations 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.

A condensed cyclic compound according to an embodi-
ment is represented by Formulae 1A or 1B below:

Formula 1A

T\ Ca—®p)
/{’ al 161 .
V4
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Ring A, in Formulae 1A and 1B is represented by For-
mula 1C as follows.

Formula 1C
X

L

Ring A, in Formulae 1A and 1B is a ring that shares a
carbon atom with adjacent two 6-membered rings fused
thereto.

Ring B, in Formulae 1A and 1B is a C;-C,, aromatic ring.
The ring B, is a ring that shares a carbon atom with adjacent
ring A, and that is fused to the ring A;.

For example, the ring B, may be a benzene, a naphtha-
lene, an anthracene, or a pyrene.

According to an embodiment, the ring Bl may be a
benzene or a naphthalene.

X, in Formula 1C is selected from N-[(L5,) ,51-(R51 )51 15
S, 0, S(=0), S(=0),, CR,,)R,,). and SiR,,)R,). For
example, X,, in Formula 1C may be selected from
N-[(L31)u21-Ra1)po1ls S, O, and Si(Ry,)(R,3), but is not
limited thereto. L,,, a21, R,, to R,;, and b2l may be
understood by referring to descriptions to be presented
herein.

X,; in Formulae 1A and 1B is N or C-[(L;1),1;-R; )11l

Xz is Noor C-[(L5)415-(R15)515],

X318 N or C-[(L13)a13-(R13)p15],

X118 Noor C-[(L4) 114" Ry 4)p14],

provided that at least one selected from X, to X, is N.

For example, at least one selected from R,, and R, in
Formulae 1A and 1B may each be nitrogen (N). L, to L,
alltoal4,R,, toR,,, and b1l to b14 may be understood by
referring to descriptions to be presented herein.

L,toL; L, toL,,, 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 substituted or unsubstituted
C;-C,, cycloalkenylene group, a substituted or unsubsti-
tuted C,-C, 4 heterocycloalkenylene group, a substituted or
unsubstituted C,-C, 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
condensed heteropolycyclic group.

Forexample, L, to L5, L, to L, 4, and I, in Formulae 1A
and 1B may be each independently selected from

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an indacenylene group, an acenaphthylene
group, a fluorenylene group, a spiro-fluorenylene group, a
phenalenylene group, a phenanthrenylene group, an anthra-
cenylene group, a fluoranthrenylene group, a triphenyle-
nylene group, a pyrenylene group, a chrysenylene group, a
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Formula 1B

p
\ ’\hLl)al—(Rl)m]
N cl

naphthacenylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group, a
pyrrolylene group, an imidazolylene group, a pyrazolylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, an isoindolylene
group, an indolylene group, an indazolylene group, a puri-
nylene group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene group,
a quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzooxazolylene group, a benzoimidazolylene group, a
furanylene group, a benzofuranylene group, a thiophenylene
group, a benzothiophenylene group, a thiazolylene group, an
isothiazolylene group, a benzothiazolylene group, an isox-
azolylene group, an oxazolylene group, a triazolylene group,
a tetrazolylene group, a oxadiazolylene group, a triazinylene
group, a dibenzofuranylene group, a dibenzothiophenylene
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
an imidazopyrimidinylene group, and an imidazopyridi-
nylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an indacenylene group, an acenaphthylene
group, a fluorenylene group, a spiro-fluorenylene group, a
phenalenylene group, a phenanthrenylene group, an anthra-
cenylene group, a fluoranthrenylene group, a triphenyle-
nylene group, a pyrenylene group, a chrysenylene group, a
naphthacenylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group, a
pyrrolylene group, an imidazolylene group, a pyrazolylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, an isoindolylene
group, an indolylene group, an indazolylene group, a puri-
nylene group, a quinolinylene group, an isoquinolinylene
group, a benzoquinolinylene group, a phthalazinylene
group, a naphthyridinylene group, a quinoxalinylene group,
a quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzooxazolylene group, a benzoimidazolylene group, a
furanylene group, a benzofuranylene group, a thiophenylene
group, a benzothiophenylene group, a thiazolylene group, an
isothiazolylene group, a benzothiazolylene group, an isox-
azolylene group, an oxazolylene group, a triazolylene group,
a tetrazolylene group, a oxadiazolylene group, a triazinylene
group, a dibenzofuranylene group, a dibenzothiophenylene
group, a benzocarbazolyl group, a dibenzocarbazolyl group,
an imidazopyrimidinylene group, and an imidazopyridi-
nylene 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
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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 phenyl group substituted with
another phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
nazolinyl group, a quinoxalinyl group, a carbazolyl group, a
phenyl group-substituted carbazolyl group, a phenanthroli-
nyl group, a benzoimidazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, a phenyl
group-substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group, and —Si(Q;5)(Qs.)
(Qs5):

wherein Q,; to Q,5 may be each independently a hydro-
gen, 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 pyrenyl group, a phenanthrenyl group,
a triphenylenyl group, a pyrenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a carbazolyl group, a phenanthrolinyl group, a ben-
zoimidazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyrimidinyl group, or
an imidazopyridinyl group, but they are not limited thereto.

Forexample, L, tol;,L.,, toL,,, and L,, in Formulae 1A
and 1B may b e each independently selected from Formulae
2-1 to 2-34.

Formula 2-1
Z1a

L

aY
Z a1

J§N

* / ®!

A 0

\@K@Dﬁ
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\ |/
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Formula 2-2
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Formula 2-5

Formula 2-6

Formula 2-7

Formula 2-8

Formula 2-9

Formula 2-10

Formula 2-11

Formula 2-12

Formula 2-13

Formula 2-14

Formula 2-15
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Formula 2-16

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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Z1)as
N\
N
P4
* N £l

(Z1)a

\/\ Y

| / / \\/ Z2)a

—

&

!

Z)a

ZDa1 /
\\ N
| = / \/(Zz)dz
(ZDa
-
F

wherein in Formulae 2-1 to 2-34,

Formula 2-27

Formula 2-28

Formula 2-29

Formula 2-30

Formula 2-31

Formula 2-32

Formula 2-33

Formula 2-34

Y, may be O, S, S(=0), S(=0),, C(Z3)(Z). N(Zs), or

Si(Z6)(Z7);
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Z, to 7., are each independently selected from a hydrogen,
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
acid or a salt thereof, a C,-C,, alkyl group, a C,-C,,, alkoxy
group, a phenyl group, a phenyl group substituted with
another phenyl group, a naphthyl group, an anthracenyl
group, a pyrenyl group, a phenanthrenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
nazolinyl group, a quinoxalinyl group, a carbazolyl group, a
phenyl group-substituted carbazolyl group, a phenanthroli-
nyl group, a benzoimidazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, a phenyl
group-substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group, and —Si(Q4;)(Qsy)
(Qss);

wherein Q,; to Q. may be each independently a hydro-
gen, 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 pyrenyl group, a phenanthrenyl group,
a triphenylenyl group, a pyrenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a carbazolyl group, a phenanthrolinyl group, a ben-
zoimidazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyrimidinyl group, or
an imidazopyridinyl group;

dl may be an integer of 1 to 4;

d2 may be an integer of 1 to 3;

d3 may be an integer of 1 to 6;

d4 may be an integer of 1 to 8;

d5 may be an integer of 1 or 2;

d6 may be an integer of 1 to 5; and

* and * indicates a binding site to a neighboring atom.

For example,

* in Formulae 2-1 to 2-34 indicates a binding site to the
core of Formulae 1A or 1B or each of neighboring L, to L,
L,toL,,,and L, ;and

* in Formulae 2-1 to 2-34 indicates a binding site to each
of neighboring L, to L5, L, to L, and L,,, or each of R,
to R;, Ry, to Ry, and R,;.

According to another embodiment, L, to L;, L;, to L,
and L,, in Formulae 1A and 1B may be each independently
selected from Formulae 3-1 to 3-39, but they are not limited
thereto:

Formula 3-1

!

Formula 3-2
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Formula 3-3

Formula 3-4

Formula 3-5

Formula 3-6

Formula 3-7

Formula 3-8

Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12
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Formula 3-28

Formula 3-29

Formula 3-30

Formula 3-31

Formula 3-32

Formula 3-33
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-continued
Formula 3-34

Formula 3-35

%
Z,

Formula 3-36

Formula 3-37

Formula 3-38

Formula 3-39

!

al in Formula 1 indicates the number of groups L, and
may be 0, 1, 2, 3, 4, or 5, for example, 0, 1, or 2, or for
example, 0 or 1. When al is 0, -(L,),,- is a single bond.
When al is 2 or more, groups L, may be identical or
different. a2, a3, all, al2, al3, and al4 may be understood
by referring to the description provided in connection with
al.

R, toR;, R, to R}, and R, to R, in Formulae 1A, 1B,
and 1C may be each independently selected from a hydro-
gen, 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
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phosphoric acid or a salt thereof, a substituted or unsubsti-
tuted C,-Cg, alkyl group, a substituted or unsubstituted
C,-Cy, alkenyl group, a substituted or unsubstituted C,-Cy,
alkynyl group, a substituted or unsubstituted C,-Cy, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C,-C,,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Ceo aryl group, a substituted or unsubstituted C4-Cq,
aryloxy group, a substituted or unsubstituted C-C,, arylthio
group, a substituted or unsubstituted C,-Cg, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsub-
stituted monovalent non-aromatic condensed heteropolycy-
clic group, —N(Q,)(Q,). —Si(Q;)(Q4)(Qs), and —B(Qy)
(Q). Q, to Q, may be understood by referring to
descriptions to be provided herein.

For example, R, to Ry, R;; to R ,, and R, to R,; may be
each independently selected from

ahydrogen, 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;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, 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}

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 phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthrenyl 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 pyrrolyl group, an
imidazolyl group, a pyrazolyl 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 benzooxazolyl group, a benzoimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group, an
isoxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolylene group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a ben-
zocarbazolyl group, a dibenzocarbazolyl group, an imida-
zopyrimidinyl group, an imidazopyridinyl group, a benzo-
furopyridinyl group, a benzothiophenopyridinyl group, a
benzofuropyrimidinyl group, a benzothiophenopyrimidinyl
group, a group represented by
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a group represented by

N —\ "
QE%Q /

and a group represented by

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 phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthrenyl 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 pyrrolyl group, an
imidazolyl group, a pyrazolyl 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 benzooxazolyl group, a benzoimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group, an
isoxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolylene group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a ben-
zocarbazolyl group, a dibenzocarbazolyl group, an imida-
zopyrimidinyl group, an imidazopyridinyl group, a benzo-
furopyridinyl group, a benzothiophenopyridinyl group, a
benzofuropyrimidinyl group, a benzothiophenopyrimidinyl
group, a group represented by
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a group represented by

N —\ "
@ig}

and a group represented by

each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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,-Cyy alkynyl group, a C,-C,, alkoxy group, a phenyl
group, a phenyl group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyrenyl
group, a phenanthrenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a quinoxalinyl group, a carbazolyl group, a phenyl
group-substituted carbazolyl group, a phenanthrolinyl
group, a benzoimidazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a phenyl group-
substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group., and —Si(Q;5)(Qs4)
(Qs5); and
—Si(Q)(Q4)(Q5).

wherein Q; to Q5 and Q5 to Q5 may be each indepen-
dently 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 pyrenyl group, a
phenanthrenyl group, a triphenylenyl group, a pyrenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
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group, a pyridazinyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinazolinyl group, a carbazolyl group, a
phenanthroliny] group, a benzoimidazolyl group, a triazinyl
group, a dibenzofuiranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, an
imidazopyrimidinyl group, or an imidazopyridinyl group.

According to an embodiment, R, to R;, R}, to R,,, and
R,, to R,; are each independently selected from

a hydrogen, a deuterium, —F, —Cl1, —Br, —1I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, and a C,-C,, alkoxy group;

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

one of Formulae 4-1 to 4-49; and

—Si(Q5)(Q4)Qs):
Formula 4-1
" (Z31)el
$
P
Formula 4-2
XX
| 1 Gia
N
Formula 4-3
N7 R
@ZsDa
a4
Formula 4-4
—(Z31)et
T Z32)es
F
Formula 4-5
7z |
|_(Z3l)e4
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Formula 4-7

Formula 4-8

Formula 4-9

Formula 4-10

Formula 4-11

Formula 4-12

Formula 4-13

Formula 4-14

Formula 4-15

Formula 4-16

Formula 4-17
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Formula 4-46
Formula 4-47
(Zana
O
(Z32)es
Formula 4-48
Z31)e3
O
Z3)es
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*
Formula 4-49
Z3)e
O,
Z;
/ %( 32)e5
N\ / 7
e N/
*
wherein in Formulae 4-1 to 4-49,

Yay 18 O, S, C(Zs3)(Zs4), N(Zss), or Si(Z36)(Z57);

7, to Z, are each independently selected from a hydro-
gen, 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 phenyl group
substituted with another phenyl group, a naphthyl group, an
anthracenyl group, a pyrenyl group, a phenanthrenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a quinoxalinyl group, a carba-
zolyl group, a phenyl group-substituted carbazolyl group, a
phenanthrolinyl group, a benzoimidazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a benzocarbazolyl group, a dibenzocarbazolyl group, a phe-
nyl group-substituted benzocarbazolyl group, a phenyl
group-substituted dibenzocarbazolyl group, an imidazopy-
rimidinyl group, an imidazopyridinyl group, and —Si(Q;5)
(Q3)(Qs5);

Q; to Qs and Q,; to Q,5 may be each independently a
hydrogen, 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,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthracenyl group, a pyrenyl group, a phenanthre-
nyl group, a triphenylenyl group, a pyrenyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a carbazolyl group, a phenan-
throlinyl group, a benzoimidazolyl group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a ben-
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zocarbazolyl group, a dibenzocarbazolyl group, an imida-
zopyrimidinyl group, or an imidazopyridinyl group;

el may be an integer of 1 to 5;

€2 may be an integer of 1 to 7;

€3 may be an integer of 1 to 3;

e4 may be an integer of 1 to 4;

e5 may be an integer of 1 or 2;

e6 may be an integer of 1 to 6, and

* indicates a binding site to a neighboring atom.

In some embodiments, R, toR;, R, to R ,,and R, toR,
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, a C,-C,, alkyl
group, and a C,-C,, alkoxy group;

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

one of from Formulae 5-1 to 5-77, but they are not limited
thereto:

Formula 5-1
| :
Formula 5-2
| . l
Formula 5-3
%
Formula 5-4
* I
Formula 5-5
*l.
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Formula 5-6

Formula 5-7

Formula 5-8

Formula 5-9

Formula 5-10
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Formula 5-77

According to an embodiment, R, R5, R, to Ry,, R5,, and
R,; 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, 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 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.

Forexample,R,, R, R;; toR ., R,,, and R, ; may be each
independently selected from a hydrogen, a C,-C,, alkyl
group, a phenyl group, and a naphthyl group, but they are not
limited thereto.

In some embodiments, R, and R,; may be each indepen-
dently selected from a substituted or unsubstituted C¢-Cs,
aryl group, a substituted or unsubstituted C,-C,,, heteroaryl
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.
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R, and R,, may be each independently selected from

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 phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthrenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
naphthacenyl group, a picenyl group, a perilenyl group, a
pentaphenyl group, a hexacenyl group, a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
furinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
cynolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzooxazolyl group, a benzoimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group, an
isooxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, an imidazopyridinyl group, a benzofuro-
pyridinyl group, a benzothiophenopyridinyl group, a
benzofuropyrimidinyl group, a benzothiophenopyrimidinyl
group, a group represented by

a group represented by

N =\
@N\g\ /

and a group represented by

and
a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group, an
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indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthrenyl 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 pyrrolyl group, an
imidazolyl group, a pyrazolyl 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 benzooxazolyl group, a benzoimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group, an
isoxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolylene group, a triazinyl group,
a dibenzofuranyl group, a dibenzothiophenyl group, a ben-
zocarbazolyl group, a dibenzocarbazolyl group, an imida-
zopyrimidinyl group, an imidazopyridinyl group, a benzo-
furopyridinyl group, a benzothiophenopyridinyl group, a
benzofuropyrimidinyl group, a benzothiophenopyrimidinyl
group, a group represented by

a group represented by

N ==\ "
Q[N\g\ /

and a group represented by

each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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
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C,-C,, alkynyl group, a C,-C,, alkoxy group, a phenyl
group, a phenyl group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyrenyl
group, a phenanthrenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a quinoxalinyl group, a carbazolyl group, a phenyl
group-substituted carbazolyl group, a phenanthrolinyl
group, a benzoimidazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a phenyl group-
substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group. and —Si(Q;5)(Qs4)
(Qss);

wherein Q,; to Q;5 may be each independently a hydro-
gen, 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 pyrenyl group, a phenanthrenyl group,
a triphenylenyl group, a pyrenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a carbazolyl group, a phenanthrolinyl group, a ben-
zoimidazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyrimidinyl group, or
an imidazopyridinyl group, but they are not limited thereto.

For example, R; and R,; may be each independently
represented by one of Formulae 4-1 to 4-49 (for example,
one of Formulae 5-1 to 5-77), but they are not limited
thereto.

In some embodiments, R; may be selected from a sub-
stituted or unsubstituted C,-C,, heteroaryl group and a
substituted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group, each group containing at
least one nitrogen as a ring-forming atom.

For example, R; may be any one selected from Formulae
4-7 to 4-25 and 4-32 to 4-49, but is not limited thereto.

In some embodiments, Ry may be any one selected from
Formulae 5-27 to 5-77, but is not limited thereto.

bl in Formulae 1A and 1B indicates the number of groups
R,, and may be an integer of 1 to 5. For example, bl may
be 1 or 2. When bl is 2 or more, groups R, may be identical
or different. b2, b3, b1l to b14, and b21 may be understood
by referring to the description presented in connection with
bl. For example, b1 to b3, b1l to b41, and b21 may be 1 or
2, but are not limited thereto.

cl in Formulae 1A and 1B indicates the number of groups
-[(L)),;-(R,);,], and may be selected fron an integer of 1 to
4. For example, c1 may be 1 or 2. When c1 is 2 or more, two
or more -[(L,),,-(R,),,] are identical or different. For
example, ¢l and ¢2 may be 1 or 2, but are not limited thereto.

According to an embodiment, the condensed cyclic com-
pound may be represented by one selected from Formulae
1A-1 to 1A-16 and 1B-1 to 1B-3 below:
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Formula 1A-1

Fomula 1A-2

Formula 1A-3

Ra)ps

Fomula 1A-4

Fomula 1A-5
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Formula 1B-1 Formula 1A(1)-3
Ry
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7N N
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Rl4 R12 (L‘S)aS 10
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Fomula 1B-2 Formula LA(1)-4
Ry Ry
15
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: 7N N\ TR
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A N/ N
\
20
Rl4 (L3)a3
(R3)s3
Formula 1B-3 Formula 1A(1)-5
25
/
Ra)er—~
x
30
Ry (L\s)az
(R3)p3

Formula LA(1)-6
RingA,, L, to L, al toa3, R, to Ry, R, toR,,, bl tob3, ¥
cl, and ¢2 in Formulae 1A-1 to 1A-16 and 1B-1 to 1B-3 (al
and a2 are all 0 and b1 and b2 are all 1) may be understood
by referring to the description presented herein.

In some embodiments, the condensed cyclic compound 49
may be represented by one selected from Formulae 1A(1)-1
to 1A(1)-16, but is not limited thereto:

Formula 1A(1)-1 45
Formula 1A(1)-7

50
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Formula LA(1)-9 Formula 1A(1)-14

Ra)e2

Formula 1A(1)-15

25
Formula 1A(1)-11
Riy
30
Ve (Ry)er
35

Ra)e2

Ro)er

X, LitoLg al toa3, R, to Ry, Rj; to R4, bl to b3, ¢l,
and c2 in Formulae 1A(1)-1 to 1A(1)-16 (al and a2 are all
0 and b1 and b2 are all 1) may be understood by referring
to the description presented herein.

For example, the condensed cyclic compound may be one
of Compounds 1 to 200 below, but is not limited thereto:

Formula 1A(1)-13

Rl 63
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In the condensed cyclic compound represented by For-
mulae 1A or 1B, at least one selected from X, to X, is
necessarily N. Accordingly, HOMO and LUMO energy
levels of the condensed cyclic compound represented by
Formulae 1A or 1B may be adjusted according to the
structure of a device, and according to the number and
location of N in X, to X,, in Formulae 1A and 1B, S,
energy level and T, energy level of the condensed cyclic
compound may be easily adjustable. A condensed cyclic
compound as described above may be used in a different
capacity as, for example, a red host, a green host, or a blue
host.

The highest occupied molecular orbital (HOMO), the
lowest unoccupied molecular orbital (LUMO), a singlet (S1)



US 10,040,794 B2

101
energy level, and a triplet (T1) energy level of Compounds
1, 25, 26, 37,39, 101 to 104, 113, 114, 132, 133, 134, 146,
148, 156 to 158, 170, 171 and 172 were evaluated by using
Gaussian program DFT method (structural optimization was
performed at B3LYP, 6-31G(d,p) level), and evaluation
results are shown in Table 1 below.

TABLE 1
T1 energy

S1 energy level level
Compound No. HOMO (¢V) LUMO (V) (eV) (eV)
Compound 1 -5.085 -0.981 3414 2.737
Compound 25 -5.433 -1.247 3.376 2.709
Compound 26 -5.350 -1.344 3471 2.620
Compound 37 -5.452 -1.184 3.482 2.771
Compound 39 -5.320 -1.241 3.548 2.695
Compound 101 -5.118 -1.931 2.738 2.606
Compound 102 -5.200 -2.043 2.715 2.521
Compound 103 -5.020 -1.844 2.867 2.727
Compound 104 -5.087 -2.085 2.614 2.599
Compound 113 -5.487 -1.730 3.266 2.847
Compound 114 -5.316 -1.718 3.086 2.663
Compound 132 -5.545 -2.142 2.956 2.552
Compound 133 -5.358 -1.893 3.145 2711
Compound 134 -5.420 -2.148 2.865 2.707
Compound 146 -5.574 -1.834 3.188 2.581
Compound 148 -5.370 -1.873 3.041 2.621
Compound 156 -5.570 -2.128 2978 2.605
Compound 157 -5.375 -1.889 3.159 2.772
Compound 158 -5.442 -2.146 2.881 2.766
Compound 170 -5.540 -1.825 3.194 2.644
Compound 171 -5.262 -1.697 3.208 2.689
Compound 172 -5.342 -1.864 3.024 2.696

From the data listed in Table 1, it was determined that
Compounds 1, 25,26,37,39, 101 to 104, 113, 114, 132, 133,
134, 146, 148, 156 to 158, 170, 171, and 172 have electric
characteristics suitable for use as a material for an organic
light-emitting device.

The preparation of condensed cyclic compounds repre-
sented by Formula 1A or 1B may be apparent to one of
ordinary skill in the art by referring to Synthesis Examples
to be explained below.

The condensed cyclic compound represented by Formula
1A or 1B is suitable for use in an organic layer of an organic
light-emitting device, for example, for use as a host in an
emission layer of the organic layer. Thus, another aspect
provides an organic light-emitting device that includes:

a first electrode;

a second electrode; and

an organic layer that is disposed between the first elec-
trode and the second electrode,

wherein the organic layer includes an emission layer and
at least one of the condensed cyclic compound represented
by Formula 1A or 1B.

The organic light-emitting device may have, due to the
inclusion of an organic layer including the condensed cyclic
compound represented by Formula 1A or 1B, low driving
voltage, high efficiency, high brightness, and long lifespan.

The condensed cyclic compound of Formula 1A or 1B
may be used between a pair of electrodes of an organic
light-emitting device. For example, the condensed cyclic
compound may be included in at least one selected from an
emission layer, a hole transport region (including, for
example, at least one of a hole injection layer, a hole
transport layer, and an electron blocking layer) that is
disposed between the first electrode and the emission layer,
and an electron transport region (including, for example, at
least one selected from a hole blocking layer, an electron
transport layer, and an electron injection layer) that is
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disposed between the emission layer and the second elec-
trode. For example, the condensed cyclic compound repre-
sented by Formula 1A or 1B may be included in the emission
layer. In this regard, the emission layer may further include
a dopant, and the condensed cyclic compound included in
the emission layer may act as a host. The emission layer may
be a green emission layer emitting green light, and the
dopant may be a phosphorescent dopant.

The expression “(an organic layer) includes at least one
condensed cyclic compound” used herein may include a
case in which “(an organic layer) includes one condensed
cyclic compound of Formulae 1A or 1B and a case in which
(an organic layer) includes two or more different condensed
cyclic compounds of Formulae 1A or 1B.

For example, the organic layer may include, as the con-
densed cyclic compound, only Compound 1. In this regard,
Compound 1 may be situated in an emission layer of the
organic light-emitting device. In another embodiment, the
organic layer may include, as the condensed cyclic com-
pound, Compound 1 and Compound 2. In this regard,
Compound 1 and Compound 2 may be situated in either an
identical layer (for example, Compound 1 and Compound 2
all may be situated in an emission layer), or different layers.

For example, in the organic light-emitting device,

the first electrode may be an anode,

the second electrode may be a cathode, and

the organic layer may include

1) a hole transport region that is disposed between the first
electrode and the emission layer, wherein the hole transport
region may include at least one of a hole injection layer, a
hole transport layer, and an electron blocking layer, and

ii) an electron transport region that is disposed between
the emission layer and the second electrode, wherein the
electron transport region may include at least one selected
from a hole blocking layer, an electron transport layer, and
an electron injection layer.

The term “organic layer” as used herein refers to a single
layer and/or a plurality of layers disposed between the first
electrode and the second electrode of an organic light-
emitting device. The “organic layer” may include, in addi-
tion to an organic compound, an organometallic complex
including metal.

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

In FIG. 1, a substrate may be additionally disposed under
the first electrode 11 or above the second electrode 19. For
use as the substrate, any substrate that is used in general
organic light-emitting devices may be used, and the sub-
strate may be a glass substrate or transparent plastic sub-
strate, each with excellent mechanical strength, thermal
stability, transparency, surface smoothness, ease of han-
dling, and water repellency.

The first electrode 11 may be formed by depositing or
sputtering a material for forming the first electrode on the
substrate. The first electrode 11 may be an anode. The
material for the first electrode 11 may be selected from
materials with a high work function to make holes be easily
injected. The first electrode 13 may be a reflective electrode
or a transmissive electrode. The material for the first elec-
trode 11 may be an indium tin oxide (ITO), indium zinc
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oxide (IZO), tin oxide (SnO,), or zinc oxide (ZnO). Accord-
ing to another embodiment, the material for the first elec-
trode 11 may be metal, such as magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magne-
sium-indium (Mg—In), or magnesium-silver (Mg—Ag).

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

An organic layer 15 may be disposed on the first electrode
11.

The organic layer 15 may include a hole transport region,
an emission layer, and an electron transport region.

The hole transport region may be disposed between the
first electrode 11 and the emission layer.

The hole transport region may include at least one of a
hole injection layer, a hole transport layer, an electron
blocking layer, and a buffer layer.

The hole transport region may include only either a hole
injection layer or a hole transport layer. According to another
embodiment, the hole transport region may have a structure
of hole injection layer/hole transport layer or hole injection
layer/hole transport layer/electron blocking layer, which are
sequentially stacked in this stated order from the first
electrode 11.

When the hole transport region includes a hole injection
layer (HIL), the hole injection layer may be formed on the
first electrode 11 by using any one of various methods, for
example, vacuum deposition, spin coating, casting, or Lang-
muir-Blodgett (LB) deposition.

When a hole injection layer is formed by vacuum depo-
sition, the deposition conditions may vary according to a
material that is used to form the hole injection layer, and the
structure and thermal characteristics of the hole injection
layer. For example, the deposition conditions may include a
deposition temperature of about 100 to about 500° C., a
vacuum pressure of about 107® to about 107> torr, and a
deposition rate of about 0.01 to about 100 Angstroms per
second (A/sec). However, the deposition conditions are not
limited thereto.

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

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

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

Rz

Riz Riog

Ar,,, t0 Ar ), in Formula 201 may be each independently
selected from

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an acenaphthylene group, a fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, and a pentacenylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a hep-
talenylene group, an acenaphthylene group, a fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, and a pentacenylene 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
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,-Cq, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkyl group, a C,-C,, heterocycloalkenyl group,
a Cyg-Cqp aryl group, a Cg-Cy, aryloxy group, a Cq-Ce,
arylthio group, a C,-Cq, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, and a monova-
lent non-aromatic condensed heteropolycyclic group.

xa and xb in Formula 201 may be each independently
selected from an integer of 0 to 5, or 0, 1 or 2. For example,
xa may be 1 and xb may be 0, but xa and xb are not limited
thereto.

Rio; 0 Rigss Ryjp to Ry g, and R 5, to R, 5, in Formulae
201 and 202 may be each independently selected from

ahydrogen, 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, a phosphoric acid group or a salt thereof,
aC,-C,, alkyl group (for example, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, and so on), and a C,-C, , alkoxy group (for example,
a methoxy group, an ethoxy group, a propoxy group, a
butoxy group, a pentoxy group, and so on);

a C,-C, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, 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;

a phenyl group, a naphthyl group, an anthracenyl group,
a fluorenyl group, and a pyrenyl group; and

a phenyl group, a naphthyl group, an anthracenyl group,
a fluorenyl group, and a pyrenyl group, each substituted with
at least one selected from deuterium, —F, —Cl, —Br, —I,
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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, or a C,-C,; alkoxy group, but
they are not limited thereto.

R, in Formula 201 may be selected from

a phenyl group, a naphthyl group, an anthracenyl group,
and a pyridinyl group; and

a phenyl group, a naphthyl group, an anthracenyl group,
and a pyridinyl group, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthracenyl group, and a pyridinyl group.

According to an embodiment, the compound represented
by Formula 201 may be represented by Formula 201A
below, but is not limited thereto:

Formula 201A
Rior
\
N

Rio1s Rypps Rypa, and R in Formula 201A may be
understood by referring to the description provided herein.

For example, the compound represented by Formula 201,
and the compound represented by Formula 202 may include
compounds HT1 to HT20 illustrated below, but are not
limited thereto.

HT1

agte
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HT20
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A thickness of the hole transport region may be in a range
of about 100 Angstrom (&) to about 10,000 A, for example,
about 100 A to about 1,000 A. When the hole transport
region includes both a hole injection layer and a hole
transport layer, a thickness of the hole injection layer may be
in a range of about 100 A to about 10,000 A, for example,
about 100 A to about 1,000 A, and a thickness of the hole
transport layer may be in a range of about 50 A to about
2,000 A, for example about 100 A to about 1,500 A. When
the thicknesses of the hole transport region, the hole injec-
tion layer, and the hole transport layer are within these
ranges, satisfactory hole transporting characteristics may be
obtained without a substantial increase in driving voltage.

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

The charge-generation 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. Non-limiting examples of the p-dop-
ant are a quinone derivative, such as tetracyanoquinonedi-
methane (TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-ben-
zoquinonedimethane (F4-TCNQ); a metal oxide, such as a
tungsten oxide or a molybdenium oxide; and a cyano
group-containing compound, such as Compound HT-DI
below, but are not limited thereto.

CN
NC
B
N N CN
P4
I\i N CN
N
NC 4
CN

Compound HT-D1
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The hole transport region may include a buffer layer.

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

Then, an emission layer (EML) may be formed on the
hole transport region by vacuum deposition, spin coating,
casting, LB deposition, or the like. When the emission layer
is formed by vacuum deposition or spin coating, the depo-
sition or coating conditions may be similar to those applied
to form the hole injection layer although the deposition or
coating conditions may vary according to the material that is
used to form the emission layer.

The emission layer may include a host and a dopant. The
host may include at least one condensed cyclic compound
represented by Formulae 1A or 1B.

The host may further include, in addition to the condensed
cyclic compound represented by Formula 1, at least one of
TPBi, TBADN, AND (also referred to as “DNA”), CBP,
CDBP, and TCP.
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ADN

Joog

CBP

ol

CDBP

TCP

When the organic light-emitting device is a full color
organic light-emitting device, the emission layer may be
patterned into a red emission layer, a green emission layer,
and a blue emission layer. According to another embodi-
ment, due to a stack structure including a red emission layer,
a green emission layer, and/or a blue emission layer, the
emission layer may emit white light. A host in the red
emission layer, the green emission layer, and the blue
emission layer may include the condensed cyclic compound
represented by Formula 1. According to an embodiment, the
host in the green emission layer may include the condensed
cyclic compound represented by Formulae 1A or 1B.

A dopant in the emission layer may be a fluorescent
dopant that emits light according to a fluorescent emission
mechanism or a phosphorescent dopant that emits light
according to a phosphorescent emission mechanism.

According to an embodiment, the emission layer may
include a host including the condensed cyclic compound
represented by one of Formulae 1A or 1B and a phospho-
rescent dopant. The phosphorescent dopant may include an
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organometallic complex including a transition metal (for Lg, is selected from a monovalent organic ligand, a
example, iridium (Ir), platinum (Pt), osmium (Os), or rho- divalent organic ligand, and a trivalent organic ligand.

dium (Rh)). The phosphorescent dopant may include at least one of

 The phosphorescent dopant may include an organometal- Compounds PD 1 to PD74 below, but is not limited thereto:
lic complex represented by Formula 81 below: 5

Formula 81 PDI1

10

! '

\\ CYl %'
Ly
‘el

|
,"Y3\Y/
{OYy; !

Replatz _|

M—(Ls1)us1

\
/

15

“

PD2

182
20

wherein in Formula 81,

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

Y, to Y, are each independently selected from carbon (C)
or nitrogen (N);

Y, and Y, are linked via a single bond or a double bond,
and Y, and Y, are linked via a single bond or a double bond,

CY, and CY, are each independently selected from a 3¢
benzene, a naphth alene, a fluorene, a spiro-fluorene, an
indene, a pyrrole, a thiophene, 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, 35
a quinazoline, a carbazole, a benzoimidazole, a benzofuran,

a benzothiophene, an isobenzothiophene, a benzooxazole,

an iso benzooxazole, a triazole, a tetrazole, an oxadiazole, a
triazine, a dibenzofuran, and a dibenzothiophene, and CY,
and CY, are optionally linked to each other through a single 40
bond or an organic linking group;

Ry, to Ry, 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 45
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 unsubsti-
tuted C,-Cg, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted C,-Cg, 50
alkoxy group, a substituted or unsubstituted C;-C,, ¥
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted PD5
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C; heterocycloalkenyl group, a substituted or unsubsti- 55
tuted C,-Cg, aryl group, a substituted or unsubstituted
Cs-Cgp aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-Cg, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or 60
unsubstituted monovalent no n-aromatic condensed het-

eropolycyclic group, —N(Q,; )(Q,), —Si(Q;)(Q4)(Qs), and
—B(Qs(Q,);

a81 and a82 are each independently selected from an
integer of 1 to 5; 65

n81 is selected from an integer of 0 to 4;

n82is 1, 2, or 3; and

25

PD3

PD4
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PD74
PPhMe,

PPhMeZ C3F7

According to another embodiment, the phosphorescent
dopant may include PtOEP or Compound PhGD illustrated

below:

CH,

PtOEP

.

PhGD

The fluorescent dopant may include at least one selected
from DPVBI, D PAVBI, TBPe, DCM, DCITB, Coumarin 6,

and C545T.



US 10,040,794 B2
135 136

YA OO0

DPAVBI

TBPe
DCM

AN N
Va
0 0

Coumarin 6

DCITB

C545T



US 10,040,794 B2

137

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

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

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

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

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

Conditions for forming the hole blocking layer, the elec-
tron transport layer, and the electron injection layer which
constitute the electron transport region may be understood
by referring to the conditions for forming the hole injection
layer.

When the electron transport layer includes a hole blocking
layer, the hole blocking layer may include, for example, at
least one of BCP and Bphen, but may also include other
materials.

BCP

Bphen

A thickness of the hole blocking layer may be in a range
of about 20 A to about 1,000 A, for example, about 30 A to
about 300 A. When the thickness of the hole blocking layer
is within these ranges, the hole blocking layer may have
excellent hole blocking characteristics without a substantial
increase in driving voltage.

The electron transport layer may further include, in addi-
tion to the organometallic compound represented by For-
mula 1, at least one selected from BCP, Bphen, Alq,, Balg,
TAZ, and NTAZ.
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According to another embodiment, the electron transport
layer may include at least one of ET1 and ET2, but are not
limited thereto:
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ET1

ET2

A thickness of the electron transport layer may be in a
range of about 100 A to about 1,000 A, for example, about
150 A to about 500 A. When the thickness of the electron
transport layer is within the range described above, the
electron transport layer may have satisfactory electron trans-
port characteristics without a substantial increase in driving
voltage.

Also, the electron transport layer may further include, in
addition to the materials described above, a metal-contain-
ing material.

The metal-containing material may include a Li complex.

The Li complex may include, for example, Compound
ET-D1 (lithium quinolate, LiQ) or ET-D2.
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ET-D2

The electron transport region may include an electron
injection layer (EIL) that allows electrons to be easily
provided from a second electrode 19.

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

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

The second electrode 19 is disposed on the organic layer
15. The second electrode 19 may be a cathode. A material for
forming the second electrode 19 may be metal, an alloy, an
electrically conductive compound, and a combination
thereof, which have a relatively low work function. For
example, lithium (Li), magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), or magnesium-silver (Mg—Ag) may be
used as the material for forming the second electrode 19. To
manufacture a top emission type light-emitting device, a
transmissive electrode formed using ITO or IZO may be
used as the second electrode 19.

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

A C-Cq, 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,-C, alkylene group
used herein refers to a divalent group having the same
structure as the C,-Cy, alkyl group.

A C,-Cy, alkoxy group used herein refers to a monovalent
group represented by —OA |, (wherein A, is the C,-Cq,
alkyl group). Detailed examples t hereof are a methoxy
group, an ethoxy group, and an isopropyloxy group.

A C,-Cy, alkenyl group used herein refers to a hydrocar-
bon group formed by substituting at least one carbon double
bond in the middle or at the terminal of the C,-C, alkyl
group. Detailed examples thereof are an ethenyl 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,-Cy, alkenyl group.

A C,-Cy, alkynyl group used herein refers to a hydrocar-
bon group formed by substituting at least one carbon triple
bond in the middle or at the terminal of the C,-C, alkyl
group. Detailed examples thereof are an ethynyl group, and
a propynyl group. A C,-C,, alkynylene group used herein
refers to a divalent group having the same structure as the
C,-C, alkynyl group.
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A C;-C, cycloalkyl group used herein refers to a mon-
ovalent hydrocarbon monocyclic group having 3 to 10
carbon atoms. Detailed examples thereof are a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, and a cycloheptyl group. A C;-C,, cycloalkylene
group used herein ref ers to a divalent group having the same
structure as the C,-C,, cycloalkyl group.

A C,-C|, heterocycloalkyl group used herein refers to a
monovalent monocyclic group having at least one hetero
atom selected from N, O, P, and S as a ring-forming atom
and 2 to 10 carbon atoms. Detailed examples thereof a re a
tetrahydrofuranyl group and a tetrahydrothiophenyl group.
A C,-C,, hetero cycloalkylene group used herein refers to a
divalent group having the same structure as the C,-C,,
heterocycloalkyl group.

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 cyclopen-
tenyl group, a cyclohexenyl group, and a cycloheptenyl
group. A C,-C,, cycloalkenylene group used herein refers to
a divalent group having the same structure as the C;-C,
cycloalkenyl group.

A C,-C,, heterocycloalkenyl group used herein refers to
a monovalent monocyclic group that has at least one hetero
atom selected from N, O, P, and S as a ring-forming atom,
2 to 10 carbon atoms, and at least one double bon d in its
ring. Detailed examples of the C,-C,, heterocycloalkenyl
group are a 2,3-dihydrofuranyl group and a 2,3-dihydroth-
iophenyl group. A C,-C, ; heterocycloalkenylene group used
herein refers to a divalent group having the same structure
as the C,-C,, heterocycloalkenyl group.

A C4-Cy, aryl group used herein refers to a monovalent
group having a carbocyclic aromatic system having 6 to 60
carbon atoms, and a C4-Cg, arylene group used herein refers
to a divalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms. Detailed examples of the
Cs-Ceo aryl group are a phenyl group, a naphthyl group, an
anthracenyl group, a phenanthrenyl group, a pyrenyl group,
and a chrysenyl group. When the C,-C, aryl group and the
Cs-Cep arylene group each include two or more rings, the
rings may be fused to each other.

A C,-Cg, heteroaryl group used herein refers to a mon-
ovalent group having a carbocyclic aromatic system that has
at least one hetero atom selected from N, O, P, and S as a
ring-forming atom, and 2 to 60 carbon atoms. A C,-Cg,
heteroarylene group used herein refers to a divalent group
having a carbocyclic aromatic system that has at least one
hetero atom selected from N, O, P, and S as a ring-forming
atom, and 2 to 60 carbon atoms. Examples of the C,-Cg,
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,-C, heteroaryl group and the C,-C, heteroarylene group
each include two or more rings, the rings may be fused to
each other.

A Cy4-Cqq arvloxy group used herein indicates —OA, 4,
(wherein Ay, is the C,-Cg4 aryl group), and a C4-Cg,
arylthio group indicates —SA,,; (wherein Ay, is the
Cs-Cgo aryl group).

A monovalent non-aromatic condensed polycyclic group
used herein refers to a monovalent group that has two or
more rings condensed to each other, only carbon atoms (for
example, the number of carbon atoms may be in a range of
8 to 60) as ring forming atoms, wherein the molecular
structure as a whole is non-aromatic in the entire molecular
structure. An example of the monovalent non-aromatic con-
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densed polycyclic 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 mon-
ovalent non-aromatic condensed poly cyclic group.

A monovalent non-aromatic condensed heteropolycyclic
group used herein refers to a monovalent group that has two
or more rings condensed to each other, has a heteroatom
selected from N, O P, and S, other than carbon atoms (for
example, the number of carbon atoms may be in a range of
2 to 60), as ring forming atoms, wherein the molecular
structure as a whole is non-aromatic in the entire molecular
structure. An example of the monovalent non-aromatic con-
densed heteropolycyclic group is a carbazolyl group. A
divalent non-aromatic condensed heteropolycyclic group
used herein refers to a divalent group having the same
structure as the monovalent non-aromatic condensed het-
eropolycyclic group.

At least one of substituents of the substituted C5-C,,
cycloalkylene group, the substituted C,-C,, heterocy-
cloalkylene group, the substituted C,-C,,, cycloalkenylene
group, the substituted C,-C, , heterocycloalkenylene group,
the substituted C4-Cy, arvlene group, the substituted C,-Cg,
heteroarylene group, the substituted divalent non-aromatic
condensed polycyclic group, the substituted divalent non-
aromatic condensed heteropolycyclic group, the substituted
C,-Cq, alkyl group, the substituted C,-Cq4, alkenyl group,
the substituted C,-C, alkynyl group, the substituted C,-Cq,
alkoxy group, the substituted C,-C,, cycloalkyl group, the
substituted C,-C,, heterocycloalkyl group, the substituted
C;-C,, cycloalkenyl group, the substituted C,-C,, hetero-
cycloalkenyl group, the substituted C4-Cy,, aryl group, the
substituted C4-Cg, aryloxy group, the substituted Cy-Cg
arylthio group, the substituted C,-Cy, heteroaryl group, the
substituted monovalent non-aromatic condensed polycyclic
group, and the substituted monovalent non-aromatic con-
densed heteropolycyclic group may be selected from

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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,-Cy, alkenyl group, a C,-C,, alkynyl group, and a C,-C,
alkoxy group;

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-Cg, alkoxy group, each substituted
with at least one selected from a deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid 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 C5-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a Cy-Cg, aryl group, a Cy4-Cep
aryloxy group, a C4-C,,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, —N(Q;1)(Q12). —Si(Q12)(Q14)(Qys), and
—B(Q6)Q7):

a C;-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C,-Cy, aryl group, a C,-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group;

a C;-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
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cloalkenyl group, a C4-Cq, aryl group, a Cy4-Ce, aryloxy
group, a C-Cq, arylthio group, a C,-Cq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, 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,-Cg, alkyl group, a C,-C, alkenyl
group, a C,-Cy, alkynyl group, a C,-Cq, alkoxy group, a
C;-C, eycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cy, aryloxy group, a
Cs-Ceo arylthio group, a C,-Cy, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

—N(Q)(Q2);, —Si(Q23)(Q24)(Qs5) and —B(Q16)(Qs);

and

—N@Q5,)Qs2), —Bi(Qa3)(Q32)(Qs5), and  —B(Qs¢)
(Qs,), wherein

Q10 Qy, Q10 Q7. Qyy 10 Qyy, and Qg to Q5 may be
each independently a hydrogen, 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
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, alkenyl group, a
C,-Cgp alkynyl group, a C;-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Ceo aryl group, a C,-C, aryloxy group, a Cy-Co, arylthio
group, a C,-Cy, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, or a monovalent non-
aromatic condensed heteropolycyclic group.

For example, at least one of substituents of the substituted
C;-C, cyclo alkylene group, the substituted C,-C,, hetero-
cycloalkylene group, the substituted C,-C,, cycloalkenylene
group, the substituted C,-C, , heterocycloalkenylene group,
the substituted C4-C,, arylene group, the substituted C,-Cg,
heteroarylene group, the substituted divalent non-aromatic
condensed polycyclic group, the substituted divalent non-
aromatic condensed heteropolycyclic group, the substituted
C,-Cg, alkyl group, the substituted C,-Cg, alkenyl group,
the substituted C,-Cy, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C5-C, , cyclo alkyl group, the
substituted C,-C,, heterocycloalkyl group, the substituted
C;-C,, cycloalkenyl group, the substituted C,-C,, hetero-
cycloalkenyl group, the substituted C,-C,, aryl group, the
substituted C4-Cgy, aryloxy group, the substituted Cgy-Cg,
arylthio group, the substituted C,-Cg, heteroaryl group, the
substituted monovalent non-aromatic condensed polycyclic
group, and the substituted monovalent non-aromatic con-
densed heteropolycyclic group may be selected from

a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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,-Cg, alkenyl group, a C,-C,, alkynyl group, and a C,-Cg,
alkoxy group;

a C,-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from a phenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, an azulenyl
group, a heptalenyl group, an indaceny! group, an acenaph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
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phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthrenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perilenyl group, a pentaphenyl group, a
hexacenyl group, a pyrrolyl group, an imidazolyl group, a
pyrazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, an indazolyl group, a furinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthridinyl group, a qui-
noxalinyl group, a quinazolinyl group, a cynolinyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a ben-
zooxazolyl group, a benzoimidazolyl group, a furanyl group,
a benzofuranyl group, a thiophenyl group, a benzothiophe-
nyl group, a thiazolyl group, an isothiazolyl group, a ben-
zothiazolyl group, an isooxazolyl group, an oxazolyl 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 imidazopyrimidinyl group, an imidazopyridinyl
%éou§a —N(Q1)(Q12), —Si(Q13)(Qua)(Qy5), and —B(Qye)

1773

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 phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthrenyl 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 pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
furinyl 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 benzooxazolyl group, a benzoimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
group, an isothiazolyl group, a benzothiazolyl group, an
isooxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, and an imidazopyridinyl group;

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 phenalenyl group, a phenanthrenyl
group, an anthracenyl group, a fluoranthrenyl 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 pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
furinyl 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 benzooxazolyl group, a benzoimida-
zolyl group, a furanyl group, a benzofuranyl group, a
thiophenyl group, a benzothiophenyl group, a thiazolyl
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group, an isothiazolyl group, a benzothiazolyl group, an
isooxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a benzo-
carbazolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, and an imidazopyridinyl group, each sub-
stituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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,-Cq, alkenyl group, a
C,-Cg, alkynyl group, a C,-C, alkoxy group, 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 phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthrenyl group, a triphenyle-
nyl group, a pyrenyl group, a chryseny1 group, a naphthace-
nyl group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, an indazolyl group, a furinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzooxazolyl group, a benzoimidazolyl group, a
furanyl group, a benzofuranyl group, a thiophenyl group, a
benzothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isooxazolyl group, an
oxazolyl 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 imidazopyrimidinyl group, an
imidazopyridinyl group, —N(Qx)(Q,2), —Si(Q23)(Q2s)
(Qz5), and —B(Q4)(Qs,); and

—NQ:)Qs2), —Si(Q53)(Q5.)(Q55), and  —B(Q5¢)
(Qs,), wherein

Q, 10 Qy, Q10 Qy7, Q) 10 Qo and Q5 to Q5 may be
each independently a hydrogen, 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, a phosphoric acid or a salt
thereof, a C,-Cg, alkyl group, a C,-C, alkenyl group, a
C,-Cq, alkynyl group, a C,-C,, alkoxy group, 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 phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthrenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a naphthace-
nyl group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, an indazolyl group, a furinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a ¢inno-
linyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzooxazolyl group, a benzoimidazolyl group, a
furanyl group, a benzofuranyl group. a thiophenyl group, a
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be nzothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isooxazolyl group, an
oxazolyl 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 imidazo pyrimidinyl group or
an imidazopyridinyl group.

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

EXAMPLE

Svnthesis Example 1: Synthesis of Compound 103

Intermediate A

Intermediate B

Compound 103
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15 £ (39.12 mmol) of Intermediate A, 18.18 g (46.94 mol)
of Intermediate B, 1.075 g (1.17 mmol) of Pd,(dba); (tris

(dibenzylideneacetone)dipalladium(0)),

1.716

g (3.52

mmol) of P(t-Bu), (tri-tert-butylphosphine), and 4.887 g
(50.86 mmol) of NaO(t-Bu) were placed in a flask, and then, 5
200 mL of xylene was added thereto, and in a nitrogen
atmosphere, the resultant mixture was refluxed for 18 hours
while stirring. The result was slowly added to 800 mL of
methanol to produce a solid, which was then dried in
vacuum. Then, the solid was dissolved in 200 mL of 1o
monochlorobenzene and recrystallized, followed by filtra-
tion and vacuum-drying, thereby obtaining 18.31 g (yield

68%) of Compound 103.

'H-NMR (300 MHz, CDCL,): 9.35 (s, 1H); 9.08 (d, 1H);

8.99 (t, 1H); 8.24 (m. 4H); 8.20 (d, 1H); 8.08 (d. 1H); 8.04

(s, 1H); 7.98 (d, 1H); 8.86 (t, 1H); 7.69 (d, 1 H); 7.62 (1, 2HD);
7.57 (m, 3H); 7.49 (m, 6H); 7.38 (m, 4H); 7.28 (m, 3H).

Synthesis Example 2: Synthesis of Compound 104

atelo%

Intermediate A
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Intermediate B
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15 g (39.12 mmol) of Intermediate A, 18.23 g (46.94 mol)
of Intermediate C, 1.075 g (1.17 mmol) of Pd,(dba), (tris
(dibenzylideneacetone)dipalladium(0)), 1.716 g (3.52
mmol) of P(t-Bu); (tri-tert-butylphosphine), and 4.887 g
(50.86 mmol) of NaO(t-Bu) were placed in a flask, and then,
200 mL of xylene was added thereto, and in a nitrogen
atmosphere, the resultant mixture was refluxed for 18 hours
while stirring. The result was slowly added to 800 mL of
methanol to produce a solid, which was then dried in
vacuum. Then, the solid was dissolved in 200 mL of
monochlorobenzene and recrystallized, followed by filtra-
tion and vacuum-drying, thereby obtaining 16.10 g (yield
60%) of Compound 104.

HRMS caled for C,,H, N, m/z 690.2532. Found:
690.2533.

Evaluation Example 1: Thermal Characteristics
Evaluation on Compounds 103 and 104

Thermal analysis was performed on Compounds 103 and
104 by using thermo gravimetric analysis (TGA) and dif-
ferential scanning calorimetry (DSC) (N, atmosphere, tem-
perature range: from room temperature to 800° C. (10°
C./min)-TGA, from room temperature to 450° C.-DSC, Pan
Type: Pt Pan in disposable Al Pan(TGA), and disposable Al
pan(DSC)), and results thereof are shown in Table 2.

TABLE 2
Compound No. Td5 Tg Tm Ts
Compound 103 479 168.40 na n/a
Compound 104 470 165.21 na n/a

Referring to Table 2, it was confirmed that Compounds
103 and 104 have excellent thermal stability.

Example 1

An ITO glass substrate was cut to a size of 50 mmx50
mmx0.5 mm, sonicated in acetone isopropyl alcohol and
pure water, each for 15 minutes, and then, washed by
exposure to UV ozone for 30 minutes.

Then, m-MTDATA was deposited on an ITO electrode
(anode) of the glass substrate at a deposition speed of 1
A/sec to form a hole injection layer having a thickness of
600 A, and then, o.-NPD was deposited on the hole injection
layer at a deposition speed of 1 A/sec to form a hole
transport layer having a thickness of 300 A. Ir(ppy), (dop-
ant) and Compound 103 (host) were co-deposited on the
hole transport layer at a deposition speed 0.1 A/sec and a
deposition speed of 1 A/sec, respectively, to form an emis-
sion layer having a thickness of 400 A.

BAlq was deposited on the emission layer at a deposition
speed of 1 A/sec to form a hole blocking layer having a
thickness of 50 A, and Alg, was deposited on the hole
blocking layer to form an electron transport layer having a
thickness of 300 A, and then, LiF was deposited on the
electron transport layer to form an electron injection layer
having a thickness of 10 A, and then, Al was vacuum
deposited on the electron injection layer to form a second
electrode (cathode) having a thickness of 1,200 A, thereby
completing manufacturing of an organic light-emitting
device having a structure of ITO/m-MTDATA (600 A)/a-
NPD (300 A)/Compound 103+10% (Ir(ppy),) (400 A)/Balg
(50 A)/Alg3 (300 A)/LiF (10 A)/Al (1,200 A).
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Example 2

An organic light-emitting device having the structure of
ITO/m-MTDATA (600 A)/a-NPD (300 A)/Compound 104+
10% (Ir(ppy)s) (400 A)/Balq (50 A)/Alq, (300 AYLiF (10
A)/Al (1,200 A) was manufactured in the same manner as in
Example 1, except that in forming an emission layer, Com-
pound 104 was used instead of Compound 103.

Comparative Example 1

An organic light-emitting device having the structure of
ITO/m-MTDATA (600 A)/a-NPD (300 A)/CBP+10% (Ir
(ppy)s) (400 A)YBalg (50 A)Alg; (300 AYLiF (10 AYAl
(1,200 A) was manufactured in the same manner as in
Example 1, except that in forming an emission layer, CBP
was used instead of Compound 103.

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

Characteristics of the organic light-emitting devices
manufactured according to Examples 1 to 2 and Compara-
tive Example 1 were evaluated according to the following
methods, and results thereof are shown in Table 3.

(1) Change in Current Density According to Voltage

Regarding the manufactured organic light-emitting
devices, a current flowing in a unit device was measured by
using a current-voltage meter while a voltage was raised
from -5 Volts (V) to 10 V, and the measured current value
was divided by an area.

(2) Change in Brightness According to Voltage

Regarding the manufactured organic light-emitting
devices, brightness was measured by using Minolta
Cs-1000A while a voltage was raised from =5 V to 10 V.

(3) Luminescence Efficiency

Current efliciency (candelas per ampere, cd/A) was mea-
sured at the same current density (10 milliamperes per
square centimeter, mA/cm?) by using brightness, current
density, and voltage measured according to (1) and (2).

TABLE 3
Driving

Brightness Voltage  Current Power
(1,000 Voltage efficiency Efficiency
cd/m?) Host Dopant V) (cd/A) (Lm/W)
Example 1 ~ Compound 103 Ir(ppy)s 5.8 31.5 17.1
Example 2 Compound 104 Ir(ppy)s 53 33.0 19.6
Comparative CBP Ir(ppy)s 6.5 29.0 14.0
Example 1

Referring to Table 3, it was confirmed that the organic
light-emitting devices manufactured according to Examples
1 and 2 have lower driving voltage, higher efficiency, and
higher brightness than the organic light-emitting devices
manufactured according to Comparative Example 1.

The condensed cyclic compound according to embodi-
ments has excellent electric characteristics and thermal
stability. Accordingly, an organic light-emitting device
including the condensed cyclic compound may have a low
driving voltage, high efficiency, high brightness, and a long
lifespan.

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

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

What is claimed is:
1. A condensed cyclic compound represented by Formu-
lae 1A or 1B:

Formula 1A

Formula 1B

S -
TN X3

-
CZ[(RZ)bz‘(Lz)az']"‘— By j_l_ME P
p— X0

Formula 1C
Xa

L

wherein in Formulae 1A and 1B,

Ring A, in Formulae 1A and 1B is represented by For-
mula 1C;

Ring B, in Formulae 1A and 1B 1s a C4-C,, aromatic ring;

X,, is selected from N-[(L,;),;-(R5, )21 S, O, S(=0),
S(=0),, C(Rx,)(Ro3), and Si(R;5)(Ras);

Xypis Noor C-[(Ly) )0 -Ryp )y,

X218 Noor C-[(L12),10-(Ri2)p12;

X5 s Noor C-[(Ly3)a13-(Ry3)p1y;

X418 Noor C-{(L14),14-(R14)p14]: provided that

at least one selected from X, to X, is N;

L, to L, Ly; to L, and L, are each independently
selected from a substituted or unsubstituted C;-C,
cycloalkylene group, a substituted or unsubstituted
C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C5-C,, cycloalkenylene group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkenylene
group, a substituted or unsubstituted C,-Cg, arylene
group, a substituted or unsubstituted C,-Cy, het-
eroarylene group, a substituted or unsubstituted diva-
lent non-aromatic condensed polycyclic group, and a
substituted or unsubstituted divalent non-aromatic con-
densed heteropolycyclic group;

al to a3, all to al4, and a21 are each independently an
integer selected from 0 to 5;

R, to R;, Rj; to R, and R,; to R,; are each indepen-
dently 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 substituted or
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unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, heterocycloalkyl group, a substi-
tuted or unsubstituted C,-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C |, heterocycloalkenyl
group, a substituted or unsubstituted C,-C,, aryl group,
a substituted or unsubstituted C4-Cg, aryloxy group, a
substituted or unsubstituted C4-C,, arylthio group, a
substituted or unsubstituted C,-Cg, heteroaryl group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-
cyclic group, —N(Q,)Q,). —Si(Q:)Q,)(Qy). and
—B(Q)(Q,), provided that, when Formula 1C is a part
of Formula 1B, at least one of R,, and R,; in Formula
1C is not hydrogen;

bl to b3, b1l to bl4, and b21 are each independently an
integer selected from 1 to 3;

cl and c2 are each independently an integer selected from
1to 4

at least one of substituents of the substituted C;-C,
cycloalkylene group, the substituted C,-C,, heterocy-
cloalkylene group, the substituted C,-C,, cycloalk-
enylene group, the substituted C,-C,, heterocycloalk-
enylene group, the substituted C-Cg, arylene group,
the substituted C,-Cy, heteroarylene group, the substi-
tuted divalent non-aromatic condensed polycyclic
group, the substituted divalent non-aromatic condensed
heteropolycyclic group, the substituted C,-C, alkyl
group, the substituted C,-C,, alkenyl group, the sub-
stituted C,-Cg,, alkynyl group, the substituted C,-Cy,
alkoxy group, the substituted C,-C, , cycloalkyl group,
the substituted C,-C, ; heterocycloalkyl group, the sub-
stituted C,-C,, cycloalkenyl group, the substituted
C,-C,y heterocycloalkenyl group, the substituted
C-Cqo aryl group, the substituted Cg-Cy aryloxy
group, the substituted C4-Cg, arylthio group, the sub-
stituted C,-Cg, heteroaryl group, the substituted mon-
ovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed
heteropolycyclic group is selected from

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

a C,-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cg,
alkynyl group, and a C,-Cg, alkoxy group, each sub-
stituted with at least one selected from 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
or a salt thereof, a sulfonic acid or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cg, aryl group, a C,-Cg, aryloxy group, a
Cs-Cyo arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
a monovalent non-aromatic condensed heteropolycy-
clic group, —N(Q;)(Q;2), —Si(Qy3)(Q14)(Q;5), and
—B(Q1e)(Q17):
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a C;-C, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Cy,
aryloxy group, a C4-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group;

a C;-Cy, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a Cg-Cy
aryloxy group, a C¢-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from 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 C,-Cg, alkyl group, a C,-Cq4, alkenyl
group, a C,-Cq, alkynyl group, a C,-C,, alkoxy group,
a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a Cg-Cy
aryloxy group, a C4-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a mono valent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q,,), —Si

(Q23)(Q24)(Q55) and —B(Q,6)(Q,5); and
71(\(IQ(Q31)(Q32): —Si(Q53)(Q54)(Qs5), and —B(Qs4)

wherein Q, to Q7 Q11 10 Qy5, Qyy 10 Qy7, and Q31 0 Q37
are each independently 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,-Cg, alkyl group,
a C,-Cq, alkenyl group, a C,-Cy, alkynyl group, a
C,-Cy, alkoxy group, a C,-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C5-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-Cqy,
aryl group, a C4-Cy, aryloxy group, a Cg-Ce, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, or a monovalent
non-aromatic condensed heteropolycyclic group.

2. The condensed cyclic compound of claim 1, wherein

Ring B, in Formulae 1A and 1B is a benzene or a
naphthalene.

3. The condensed cyclic compound of claim 1, wherein

L, to Ly, L, to L4, and L,, are each independently
selected from

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-fluo-
renylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a
fluoranthrenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group,
a pyrrolylene group, an imidazolylene group, a pyra-
zolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
an isoindolylene group, an indolylene group, an inda-
zolylene group, a purinylene group, a quinolinylene
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group, an isoquinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridi-
nylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a carbazolylene
group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene
group, a benzooxazolylene group, a benzoimida-
zolylene group, a furanylene group, a benzofuranylene
group, a thiophenylene group, a benzothiophenylene
group, a thiazolylene group, an isothiazolylene group,
a benzothiazolylene group, an isoxazolylene group, an
oxazolylene group, a triazolylene group, a tetrazolylene
group, a oxadiazolylene group, a triazinylene group, a
dibenzofuranylene group, a dibenzothiophenylene
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyrimidinylene group, and an imida-
zopyridinylene group; and

a phenylene group, a pentalenylene group, an indenylene
group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an ace-
naphthylene group, a fluorenylene group, a spiro-fluo-
renylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a
fluoranthrenylene group, a triphenylenylene group, a
pyrenylene group, a chrysenylene group, a naphthace-
nylene group, a picenylene group, a perylenylene
group, a pentaphenylene group, a hexacenylene group,
a pyrrolylene group, an imidazolylene group, a pyra-
zolylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group,
an isoindolylene group, an indolylene group, an inda-
zolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridi-
nylene group, a quinoxalinylene group, a quinazoli-
nylene group, a cinnolinylene group, a carbazolylene
group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene
group, a benzooxazolylene group, a benzoimida-
zolylene group, a furanylene group, a benzofuranylene
group, a thiophenylene group, a benzothiophenylene
group, a thiazolylene group, an isothiazolylene group,
a benzothiazolylene group, an isoxazolylene group, an
oxazolylene group, a triazolylene group, a tetrazolylene
group, a oxadiazolylene group, a triazinylene group, a
dibenzofuranylene group, a dibenzothiophenylene
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, an imidazopyrimidinylene group, and an imida-
zopyridinylene 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,, alkoxy group, a phenyl
group, a pheny! group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyre-
nyl group, a phenanthrenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a quinoxalinyl group, a
carbazolyl group. a phenyl group-substituted carba-
zolyl group, a phenanthrolinyl group, a benzoimida-
zolyl group, a triazinyl group. a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, a phenyl group-substituted
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benzocarbazolyl group, a phenyl group-substituted
dibenzocarbazolyl group, an imidazopyrimidinyl

group, an imidazopyridiny] group, and —Si(Q;)(Q5.)
Qs5).

wherein Q;; to Q5 are each independently 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 car-
boxylic acid or a salt thereof, a sulfonic acid o r 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 pyrenyl group,
a phenanthrenyl group, a triphenylenyl group, a pyrenyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idiny1 group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinazolinyl group, a carba-
zolyl group, a phenanthrolinyl group, a benzoimida-
zolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, an imidazopyrimidinyl
group, or an imidazopyridinyl group.

4. The condensed cyclic compound of claim 1, wherein

L, to Ly, L, to L4, and L,, are each independently
selected from Formulae 2-1 to 2-34:

Formula 2-1
(Z1)ar
*
| *
/ ©
Formula 2-2
(Z1)ar
| *
* / %!
Formula 2-3
*
N
| @
A
Formula 2-4
* \ / £l
Z)a3
Formula 2-5
N\ |/
\ |/
Z a3
Formula 2-6
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Formula 2-7

Formula 2-8

Formula 2-9

Formula 2-10

Formula 2-11

Formula 2-12

Formula 2-13

Formula 2-14

Formula 2-15

Formula 2-16

Formula 2-17

10

20

25

30

35

40

45

50

55

60

65

156

-continued

(Z1)as

| \\
L
* ®!

®!

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

Formula 2-27
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-continued
Formula 2-28
Formula 2-29
Formula 2-30
(ZDa
<X Yl
AN
L2)a:
\/( 2)d2
A~ X
—
et
Formula 2-31
Ed
(ZDa
\/\ %
B @
Formula 2-32
Formula 2-33
Formula 2-34
(ZDa1
| YA
* /
'

wherein in Formulae 2-1 to 2-34,

Y, 150, S, S(=0), S(=0),, C(Z;)(Z4), N(Zs), or Si(Zs)
(Z);

7, to 7, 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 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, a
phenyl group substituted with another phenyl group, a
naphthyl group, an anthracenyl group, a pyrenyl group,
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a phenanthrenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinazoli-
nyl group, a quinoxalinyl group, a carbazolyl group, a
phenyl group-substituted carbazolyl group, a phenan-
throlinyl group, a benzoimidazolyl group, a triazinyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a phenyl group-substituted benzocarbazolyl
group, a phenyl group-substituted dibenzocarbazolyl
group, an imidazopyrimidinyl group, an imidazopyridi-
nyl group, and —Si(Q33)(Q34)(Qss):

wherein Q,; to Q;; are each independently a hydrogen, 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 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, a
naphthyl group, an anthracenyl group, a pyrenyl group,
a phenanthrenyl group, a triphenylenyl group, a pyrenyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idiny1 group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinazolinyl group, a carba-
zolyl group, a phenanthrolinyl group, a benzoimida-
zolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, an imidazopyrimidinyl
group, or an imidazopyridinyl group;

dl is an integer of 1 to 4;

d2 is an integer of 1 to 3;

d3 is an integer of 1 to 6;

d4 is an integer of 1 to 8;

d5 is an integer of 1 or 2;

d6 is an integer of 1 to 5; and

* and *' indicates a binding site to a neighboring atom.

5. The condensed cyclic compound of claim 1, wherein

L, toL,, L, toL, and L,, are each independently
selected from Formulae 3-1 to 3-39:

Formula 3-1
*
@
/ \*,
Formula 3-2
*
\r\
N\/ \*’
Formula 3-3
®
y aw
Formula 3-4
*
\{\
N/\ o
Formula 3-5

*
l ' ™)
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Formula 3-6

Formula 3-7

Formula 3-8

Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12

Formula 3-13
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-continued

Formula 3-14

Formula 3-15

Formula 3-16

Formula 3-17

Formula 3-18

Formula 3-19

Formula 3-20

Formula 3-21



161

-continued

\

US 10,040,794 B2

Formula 3-22

Formula 3-23

Formula 3-24

Formula 3-25

Formula 3-26

Formula 3-27
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-continued

o

/

\

N /7 N\ /

Formula 3-28

Formula 3-29

Formula 3-30

Formula 3-31

Formula 3-32

Formula 3-33
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-continued
Formula 3-34
®
/N
S
P4
* N *!
Formula 3-35
N
®
F
* N *
Formula 3-36
[ (0]
8
&
* N £l
Formula 3-37
S
®
/
* N ®
Formula 3-38
®
F

6. The condensed cyclic compound of claim 1, wherein

al to a3, all to al4, and al2 are each independently 0, 1,
or 2,

7. The condensed cyclic compound of claim 1, wherein

R, to Ry, R, to R, and R,, to R,; are each indepen-
dently selected from

ahydrogen, 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;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium,
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—F, —C1, —Br, —1I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
or a salt thereof, a sulfonic acid or a salt thereof, and a
phosphoric acid or a salt thereof;

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 phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
threnyl 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 pyrrolyl group, an imidazolyl
group, a pyrazolyl 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 qui-
nazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzooxazolyl
group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolylene group, a triazinyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group. a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, an imidazopyridinyl group, a
benzofuropyridinyl group, a benzothiophenopyridinyl
group, a benzofuropyrimidinyl group, a benzothiophe-
nopyrimidinyl group, a group represented by

a group represented by

Formula 3-39 N — /*
W,
. 50 N \
!

and a group represented by
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a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azuleny! group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
threnyl 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 pyrrolyl group, an imidazolyl
group, a pyrazolyl 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 qui-
nazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridiny] group, a phenan-
throlinyl group, a phenazinyl group, a benzooxazolyl
group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group. a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolylene group, a triazinyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, an imidazopyridinyl group, a
benzofuropyridinyl group, a benzothiophenopyridinyl
group, a benzofuropyrimidinyl group, a benzothiophe-
nopyrimidinyl group, a group represented by

a group represented by

*

and a group represented by

each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
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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,-C,y alkynyl group, a C,-C,, alkoxy group, a phenyl
group, a phenyl group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyrenyl
group, a phenanthrenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a quinoxalinyl group, a carbazolyl group, a phenyl
group-substituted carbazolyl group, a phenanthrolinyl
group, a benzoimidazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a phenyl group-
substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group, and —Si(Q55)(Qs.)
(Qs5); and

SHQ:Q)Qs) .
wherein Q, to Q5 and Q,, to Q.5 are each independently

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, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, an anthrace-
nyl group, a pyrenyl group, a phenanthrenyl group, a
triphenylenyl group, a pyrenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a carbazolyl group, a
phenanthrolinyl group, a benzoimidazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzoth-
iophenyl group, a benzocarbazolyl group, a dibenzo-
carbazolyl group, an imidazopyrimidinyl group, or an
imidazopyridinyl group,

provided that, when Formula 1C is a part of Formula 1B,
at least one of R,, and R,; in Formula 1C is not
hydrogen.

8. The condensed cyclic compound of claim 1, wherein

R, toR;, R, to R,,, and R,, to R, are each indepen-
dently selected from

ahydrogen, a deuterium, —F, —C1, —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;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from 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, and a
phosphoric acid or a salt thereof; and

one of Formulae 4-1 to 4-49; and

—8i(Q5)(Q)(Qs5):

Formula 4-1
(Z31)el
N
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Formula 4-43
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Formula 4-45
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wherein in Formulae 4-1 to 4-49,

Yi, 15 O, S, C(Z33)(Zs4), N(Zss), or Si(Z36)(Z35);

7, 1o 7, are each independently selected from a hydro-
gen, 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, a phenyl
group, a phenyl group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyre-
nyl group, a phenanthrenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a quinazolinyl group, a quinoxalinyl group, a
carbazolyl group, a phenyl group-substituted carba-
zolyl group, a phenanthrolinyl group, a benzoimida-
zolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, a phenyl group-substituted
benzocarbazolyl group, a phenyl group-substituted
dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group, and —Si(Q;5)(Qs.4)
(Qas);

Q, to Q; and Q45 to Q55 are each independently a hydro-
gen, 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 pyre-
nyl group, a phenanthrenyl group, a triphenylenyl
group, a pyrenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, a
quinolinyl group, an isoquinolinyl group, a quinazoli-
nyl group, a carbazolyl group, a phenanthrolinyl group,
a benzoimidazolyl group, a triazinyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocar-
bazolyl group, a dibenzocarbazolyl group, an imida-
zopyrimidinyl group, or an imidazopyridinyl group,

provided that, when Formula 1C is a part of Formula 1B,
at least one of R,, and R,; in Formula 1C is not
hydrogen;

el is an integer of 1 to 5;

e2 is an integer of 1 to 7;

€3 is an integer of 1 to 3;

e4 is an integer of 1 to 4;

e5 is an integer of 1 or 2;

e6 is an integer of 1 to 6; and

* indicates a binding site to a neighboring atom.

9. The condensed cyclic compound of claim 1, wherein

R, to Ry, Rj; to Ry, and R, to R,; are each indepen-
dently 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, and a C,-C,, alkoxy group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from 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
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or a salt thereof, a sulfonic acid or a salt thereof, and a —continued
phosphoric acid or a salt thereof; and Formula 5-8

any one of Formulae 5-1 to 5-77:
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Formula 5-77

provided that, when Formula 1C is a part of Formula 1B,
at least one of R,, and R,; in Formula 1C is not
hydrogen.

10. The condensed cyclic compound of claim 1, wherein

R, R,, Ry, o R}, R,,, and R,; 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, 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,
and a quinoxalinyl group,

provided that, when Formula 1C is a part of Formula 1B,
at least one of R,, and R,; in Formula 1C is not
hydrogen.

11. The condensed cyclic compound of claim 1, wherein

R, and R,, are each independently selected from a sub-
stituted or unsubstituted C,-C,, aryl group, a substi-
tuted or unsubstituted C,-C;, heteroaryl group, a sub-
stituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, and a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group.

12. The condensed cyclic compound of claim 1, wherein

R, is a substituted or unsubstituted C,-C,, heteroaryl
group or a substituted or unsubstituted monovalent
non-aromatic hetero-condensed polycyclic group, each
group containing at least one nitrogen atom as a ring-
forming atom.

13. The condensed cyclic compound of claim 1, wherein

R, and R, are each independently selected from

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azuleny! group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
threnyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a picenyl
group, a perilenyl group, a pentaphenyl group, a
hexacenyl group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group, an indazolyl group,
a furinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinoliny! group, a phthalazinyl group,
a naphthridinyl group, a quinoxalinyl group, a qui-
nazolinyl group, a cynolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzooxazolyl
group, a benzoimidazolyl group, a furanyl group, a
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benzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isooxazolyl group, an
oxazolyl 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 imidazopyrim-
idinyl group, an imidazopyridinyl group, a group rep-
resented by

a group represented by

N =\ "
@N\g\ /

and a group represented by

and

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 phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
threnyl 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 pyrrolyl group, an imidazolyl
group, a pyrazolyl 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 qui-
nazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzooxazolyl
group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isoxazolyl group, an
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oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolylene group, a triazinyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, an imidazopyridinyl group, a
benzofuropyridinyl group, a benzothiophenopyridinyl
group, a benzofuropyrimidinyl group, a benzothiophe-
nopyrimidinyl group, a group represented by

a group represented by

and a group represented by

each substituted with at least one selected from a deuterium,
—F, —Cl1, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a 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,-C,, alkynyl group, a C,-C,, alkoxy group, a phenyl
group, a phenyl group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyrenyl
group, a phenanthrenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a quinoxalinyl group, a carbazolyl group, a phenyl
group-substituted carbazolyl group, a phenanthrolinyl
group, a benzoimidazolyl group, a triazinyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a phenyl group-
substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl
group, an imidazopyridinyl group, and —Si(Q;5)(Qs5.)
(Qss);
wherein Q,; to Q,5 are each independently a hydrogen, a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
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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, a
naphthyl group, an anthracenyl group, a pyrenyl group,
a phenanthrenyl group, a triphenylenyl group, a pyrenyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinazolinyl group, a carba-
zolyl group, a phenanthrolinyl group, a benzoimida-
zolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, an imidazopyrimidinyl
group, or an imidazopyridinyl group.

14. The condensed cyclic compound of claim 1, wherein

the condensed cyclic compound is represented by one of
Formulae 1A-1 to 1A-16 and 1B-1 to 1B-3:

Fomula 1A-1

Formula 1A-2

Formula 1A-3

Formula 1A-4

R
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Formula 1A-16 Formula 1A(1)-2
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40
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R
H (R)ps
and 45 Formula LA(1)-6
in Formulae 1A-1 to 1A-16 and 1B-1 to 1B-3, definitions Ry
of RingA, L, toL;, al toa3, R, to R;, Ry, to R, ,, bl )
to b3, cl, and c2 are the same as in claim 1. i /(Rl/'cl

15. The condensed cyclic compound of claim 1, wherein 50

the condensed cyclic compound is represented by one of
Formulae 1A(1)-1 to 1A(1)-16: .
3)a3

|

55 Rs)es
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Formula LA(1)-8 Formula 1A(1)-13

15 Formula 1A(1)-14

Formula LA(1)-9

20

25

R
Formula 1A(1)-15

Formula 1A(1)-10
30

35

A0 Formula 1A(1)-16

Ri)ers
Formula 1A(1)-11 Rer:

Ra)e2

definitions of X,,, [; to L5, al to a3, R; to R;, Ry, to Ry,
bl to b3, and cl and c2 in Formulae 1A(1)-1 to
1A(1)-16 are the same as in claim 1.

16. The condensed cyclic compound of claim 15, wherein

R; is selected from

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 phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
threnyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a picenyl
group, a perilenyl group. a pentaphenyl group, a
hexacenyl group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
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group, a pyrimidinyl group, a pyridazinyl group, an
isoindolyl group, an indolyl group. an indazolyl group,

a furinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group,

a naphthridiny! group, a quinoxalinyl group, a qui- 5
nazolinyl group, a cynolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzooxazolyl
group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group. a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isooxazolyl group, an
oxazoly! 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 imidazopyrim-
idinyl group, an imidazopyridinyl group, a group rep-
resented by
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25
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40

and a group represented by

45

50

and

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azuleny! group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
threnyl 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 pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an 65
isoindolyl group, an indolyl group, an indazolyl group,

a purinyl group, a quinolinyl group, an isoquinolinyl
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group, a benzoquinolinyl group, a phthalazinyl group,
a naphthyridinyl group, a quinoxalinyl group, a qui-
nazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenan-
throlinyl group, a phenazinyl group, a benzooxazolyl
group, a benzoimidazolyl group, a furanyl group, a
benzofuranyl group, a thiophenyl group, a benzothio-
phenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group. a triazolyl group, a tetrazolyl group, an
oxadiazolylene group, a triazinyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group. a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imidazopy-
rimidinyl group, an imidazopyridinyl group, a
benzofuropyridinyl group, a benzothiophenopyridinyl
group, a benzofuropyrimidinyl group, a benzothiophe-
nopyrimidinyl group, a group represented by

a group represented by

N =\ "
@N\g@\ /

and a group represented by

each substituted with at least one selected from a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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,-C,y alkynyl group, a C,-C,, alkoxy group, a phenyl
group, a phenyl group substituted with another phenyl
group, a naphthyl group, an anthracenyl group, a pyrenyl
group, a phenanthrenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
a quinolinyl group, an isoquinolinyl group, a quinazolinyl
group, a quinoxalinyl group, a carbazolyl group, a phenyl
group-substituted carbazolyl group, a phenanthrolinyl
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group, a benzoimidazoly! group, a triazinyl group, a diben- _continued
zofuranyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, a phenyl group-
substituted benzocarbazolyl group, a phenyl group-
substituted dibenzocarbazolyl group, an imidazopyrimidinyl 3
group, an imidazopyridinyl group, and —Si(Q;;)(Qs.)
(Qss);

wherein Q,; to Q,5 are each independently 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 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, a 15
naphthyl group, an anthracenyl group, a pyrenyl group,

a phenanthreny! group, a triphenylenyl group, a pyrenyl
group, a pyridinyl group, a pyrazinyl group, a pyrim-
idinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a quinazolinyl group, a carba- 20
zolyl group, a phenanthrolinyl group, a benzoimida-
zolyl group, a triazinyl group, a dibenzofuranyl group,
a dibenzothiophenyl group, a benzocarbazolyl group, a
dibenzocarbazolyl group, an imidazopyrimidinyl
group, or an imidazopyridinyl group. 25

17. The condensed cyclic compound of claim 1, wherein

the condensed cyclic compound is one of Compounds 1 to
200:
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18. An organic light-emitting device comprising;
a first electrode;
20 g second electrode; and
an organic layer disposed between the first electrode and
the second electrode,
wherein the organic layer comprises an emission layer,
and further comprises at least one of the condensed
25 cyclic compound of claim 1.
19. The organic light-emitting device of claim 18, wherein
the first electrode is an anode,
the second electrode is a cathode, and
the organic layer comprises
390 1) a hole transport region disposed between the first
electrode and the emission layer, wherein the hole
transport region comprises at least one selected from a
hole injection layer, a hole transport layer, and an
electron blocking layer, and
1i) an electron transport region disposed between the
emission layer and the second electrode, wherein the
electron transport region comprises at least one selected
from a hole blocking layer, an electron transport layer,
and an electron injection layer.
20. The organic light-emitting device of claim 18, wherein
40 the emission layer comprises at least one condensed cyclic
compound of claim 1.
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