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1
COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2014-0132492, filed on
Oct. 1, 2014, in the Korean Intellectual Property Office, and
entitled: “Compound and Organic Light-Emitting Device
Including the Same,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

Embodiments relate to a compound and an organic light-
emitting device including the same.

2. Description of the Related Art

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

The organic light-emitting device may include a first
electrode disposed on a substrate, and a hole transport
region, an emission layer, an electron transport region, and
a second electrode, which are sequentially disposed on the
first electrode. Holes provided from the first electrode may
move toward the emission layer through the hole transport
region, and electrons provided from the second electrode
may move toward the emission layer through the electron
transport region. Carriers, such as holes and electrons, are
recombined in the emission layer to produce excitons. These
excitons change from an excited state to a ground state,
thereby generating light.

SUMMARY

Embodiments are directed to a compound represented by
Formula 1 below:

<Formula 1>
I
| N

~
N L’)n/ Rs

R R

wherein in Formula 1,

R, to Ry may be each independently selected from 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 substituted or
unsubstituted C,-Cy, alkyl group, a substituted or unsubsti-
tuted C,-C, alkenyl group, a substituted or unsubstituted
C,-Cg, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group. a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
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2

C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cq, aryl group, a substituted or unsubstituted
Cs-C, aryloxy group, a substituted or unsubstituted C4-Cy,
arylthio group, a substituted or unsubstituted C,-C, het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-

eropolycyclic group, —N(Q,)(Q,), —Si(Q:)(Q4)(Q5), and
—B(Qe)(Q7);

L may be selected from a bond, a substituted or unsub-
stituted C5-C, , cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C;-C,, cycloalkenylene group, a substituted
or unsubstituted C,-C, , heterocycloalkenylene group, a sub-
stituted or unsubstituted C4-C,,, arylene group, a substituted
or unsubstituted C, -C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group;

n may be an integer selected from 1, 2, and 3, and when
nis 2 or more, a plurality of L may be identical or different;

at least one substituent of the substituted C,-Cg, alkyl
group, substituted C,-Cg, alkenyl group, substituted C,-Cy,
alkynyl group, substituted C,-Cg, alkoxy group, substituted
C;-C,, cycloalkyl group, substituted C,-C,, cycloalkylene
group, substituted C,-C,, heterocycloalkyl group, substi-
tuted C,-C,, heterocycloalkylene group, substituted C5-C,,
cycloalkenyl group, substituted C,-C,, cycloalkenylene
group, substituted C,-C,, heterocycloalkenyl group, substi-
tuted C,-C,, heterocycloalkenylene group, substituted
CeCy, aryl group, substituted C,-Cy, arylene group, sub-
stituted C¢-Cgy,, aryloxy group, substituted Cq-Cg, arylthio
group, substituted C,-Cg, heteroaryl group, substituted
C,-Cg heteroarylene group, substituted monovalent non-
aromatic condensed polycyclic group, substituted monova-
lent non-aromatic condensed heteropolycyclic group, sub-
stituted divalent non-aromatic condensed polycyclic group,
and substituted divalent non-aromatic condensed heteropo-
lycyclic 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,-Cy,
alkoxy group;

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-C,
alkynyl 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, a phosphoric acid or a salt
thereof, a C,;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-Cj,
heterocycloalkenyl group, a C4-Cg, aryl group, a Cy4-Cgy
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
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
—BQ1)Q7):

a C5-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 C,-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, heteroaryl group, a
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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-
cloalkenyl group, a C4-Cq, aryl group, a Cy4-Ce, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, 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, 4 cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cg, 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)(Q22), —S1(Q23)(Q24)(Qs5) and —B(Q16)(Qs);

and
QjN(QSI)(QSZ)S —Si(Q33)(Q34)(Q55), and  —B(Qs6)

37/

wherein Q, t0 Q;, Q;; 10 Q, 7, Q;; 10 Qy7, and Qs t0 Q7
may be each independently selected from a hydrogen, a
deuterium, —F, —CI, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid or a
salt thereof, a sulfonic acid or a salt thereof, a phosphoric
acid or a salt thereof, a C,-Cg, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C;-Cg, alkoxy group, a
C;-C,, eycloalkyl group, a C,-C, , heterocycloalkyl group, a
C,-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cq, aryl group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group.

Embodiments are also directed to an organic light-emit-
ting device, including a first electrode, a second electrode
facing the first electrode, and an organic layer that is
disposed between the first electrode and the second electrode
and includes an emission layer. The organic layer may
include at least one compound according to an embodiment.

Embodiments are also directed to a flat panel display
apparatus including the organic light-emitting device. The
first electrode of the organic light-emitting device may be
electrically connected to a source electrode or drain elec-
trode of a thin film transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of skill in the art
by describing in detail example embodiments with reference
to the attached drawing in which:

FIG. 1 illustrates a schematic view of an organic light-
emitting device according to an embodiment.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawing;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
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4

this disclosure will be thorough and complete, and will fully
convey example implementations to those skilled in the art.

In the drawing figure, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list.

A compound according to an embodiment is represented
by Formula 1 below:

<Formula 1>

R R

In Formula 1,

R, to R may be each independently selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nhitro 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 unsubsti-
tuted C,-Cg, alkenyl group, a substituted or unsubstituted
C,-Cq, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-C,,
cycloalkyl group, a substituted or unsubstituted C,-C,,
heterocycloalkyl group, a substituted or unsubstituted
C;-C,o cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cg, aryl group, a substituted or unsubstituted
C¢-Cyo aryloxy group, a substituted or unsubstituted C4-Co,
arylthio group, a substituted or unsubstituted C,-Cg; het-
eroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-
eropolycyclic group, —N(Q,XQz), —Si(Q:)(Q,)Qy), and
—B(QsQy);

L may be selected from a bond, a substituted or unsub-
stituted C5-C, , cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C;-C,, cycloalkenylene group, a substituted
or unsubstituted C,-C, , heterocycloalkenylene group, a sub-
stituted or unsubstituted C4-C,, arylene group, a substituted
or unsubstituted C, -C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic condensed heteropolycyclic group;

n is an integer selected from 1, 2, and 3, and when n is 2
or more, a plurality of L may be identical or different;

at least one substituent of the substituted C,-Cg, alkyl
group, substituted C,-Cg, alkenyl group, substituted C,-Cq,
alkynyl group, substituted C,-C,, alkoxy group, substituted
C;-C,, cycloalkyl group, substituted C5-C,, cycloalkylene
group, substituted C,-C,, heterocycloalkyl group, substi-
tuted C,-C,, heterocycloalkylene group, substituted C5-C,,
cycloalkenyl group, substituted C;-C,, cycloalkenylene
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group, substituted C,-C,, heterocycloalkenyl group, substi-
tuted C,-C,, heterocycloalkenylene group, substituted
Cs-Ceo aryl group, substituted C4-Cy, arylene group, sub-
stituted Cg-Cg, aryloxy group, substituted Cq-Cy, arylthio
group, substituted C,-Cq, heteroaryl group, substituted
C,-Cgo heteroarylene group, substituted monovalent non-
aromatic condensed polycyclic group, substituted monova-
lent non-aromatic condensed heteropolycyclic group, sub-
stituted divalent non-aromatic condensed polycyclic group,
and substituted divalent non-aromatic condensed heteropo-
lycyclic 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,-Cy, alkenyl group, a C,-Cg, alkynyl group, and a C,-Cy,
alkoxy group;

a C;-Cg, alkyl group, a C,-C, alkenyl group, a C,-Cy,
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,4-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cy, aryl group, a Cy-Cg,
aryloxy group, a C4-Cy, arylthio group, a C;-Cy, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, —N(Q,;)(Q;2): —Si(Q13)(Q14)(Qy5), and
—B(Q16)Q17):

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

a C3-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 Cy4-Ce, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, 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,-Cy, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C,-Cg, alkoxy group, a
C;-C,, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cg, aryloxy group, a
Cs-Ceo arylthio group, a C,-C, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

*(Ii\I(Qm)(sz): —S1(Qx)(Q24)(Qzs) and —B(Q;6)(Q,-);
an
7)N(Q31)(Q32)> —3i(Q33)(Q54)(Q55), and —B(Q54)

wherein Q, to Q;, Q;; 10 Q;7, Qy; 10 Qy7, and Q4 10 Qs
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

10

15

25

30

35

40

45

50

55

60

65

6

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
C;-Cq 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, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group.

The compound represented by Formula 1 may be an
asymmetric compound, e.g., the 9,10-dihydroacridine or
acridane-based core moiety may be asymmetrically substi-
tuted.

As a material for the hole transport layer, for example, a
fluorene derivative or an anthracene derivative have been
considered. However, an organic light-emitting device
including a hole transport layer formed of a general material
for a transport layer may exhibit unsatisfactory lifespan,
efficiency, and consumption power characteristics. A hole
transport layer formed of an acridine has also been consid-
ered but acridine may not provide satisfactory characteristics
for use in a hole transport layer.

Embodiments described herein may provide stability,
high charge transport capabilities, a high glass transition
temperature, and crystallization-preventing properties.

Substituents of Formula 1 will now be described in detail.

In some embodiments, two or more substituents selected
from R, to Rs in Formula 1 may be linked to each other to
form a ring. For example, R, and R;, or R, and R, may be
linked to each other to form a C,,-C¢, non-aromatic ring or
aromatic ring. The non-aromatic ring or aromatic ring may
include a hetero atom.

In some embodiments, R, to R5 in Formula 1 may be each
independently selected from a substituted or unsubstituted
C,-Cg, alkyl group, a substituted or unsubstituted C4-Cg,
aryl group, and a substituted or unsubstituted C,-C, het-
eroaryl group.

In some embodiments, L in Formula 1 may be a bond, a
substituted or unsubstituted Cq-Cq, arylene group, or a
substituted or unsubstituted C,-Cg, heteroarylene group.

In some embodiments, n in Formula 1 may be 1.

In some embodiments, R, in Formula 1 may be Formula
2a below:

@— @np
7

7, in Formula 2a may be 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, to C,,
alkyl group, a substituted or unsubstituted C; to C,, aryl
group, a substituted or unsubstituted C, to 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;

p may be an integer selected from 1, 2, 3, 4, and 5; and
when p is 2 or more, a plurality of Z, may be identical or
different; and * indicates a binding site to a neighboring
atom.

*
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In some embodiments, R, and R; in Formula 1 may be
each independently Formulae 3A or 3B:

3a
* ©— (Zp
A
. oL 3b

Z, in Formula 3a may be 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, to C,,
alkyl group, a substituted or unsubstituted C; to C,, aryl
group, a substituted or unsubstituted C, to 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;

p may be an integer selected from 1, 2, 3, 4, and 5; and
when p is 2 or more, a plurality of Z, may be identical or
different; and * indicates a binding site to a neighboring
atom.

In some embodiments, R, and R in Formula 1 may be
each independently any one of Formulae 4a to 4c below:

4a

b

4c

wherein in Formulae 4a to 4c,

H, may be CR,;R,, or NR,;;

R, ., Ryy, Rys, and 7, 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 substi-
tuted or unsubstituted C,-C,,, alkyl group, a substituted or
unsubstituted C¢-C,, aryl group, a substituted or unsubsti-
tuted C,-C,, heteroaryl group. a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group, a
substituted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group, and —Si(Q;)(Q)(Qs);

Q; to Q5 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
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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,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cg alkoxy group, a C,5-C,,, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,o heterocycloalkenyl group, a C,-Cg, aryl group, a
C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aromatic
condensed heteropolycyclic group;

p may be an integer selected from 1, 2, 3, 4, 5, 6, and 7;
and when p is 2 or more, a plurality of Z, may be identical
or different; and * indicates a binding site to a neighboring
atom.

In some embodiments, L. in Formula 1 may be a bond or
Formula 5a below:

g
K/

* in Formula 5a indicates a binding site to a neighboring
atom.

In some embodiments, Formula 1 may be Formulae 2, 3,
or 4 below.

<Formula 2>
Ry
R, 1|\1
| ~
I N I ( L’)/ Rs.
n
H;C CH;
<Formula 3>
Ry
Ry 1|\1
| ~
N L’)/ Rs
O n
<Formula 4>
I|{4
N
~
I N I { L’)/ Rs.
n

R

7z

Definitions of substituents used in Formulae 2, 3, and 4
are presented above.

According to another embodiment, the compound of
Formula 1 may be any one of compounds illustrated below:
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The compound represented by Formula 1 may be synthe-
sized by using a general organic synthetic method.

The compound of Formula 1 may be used between a pair
of electrodes of an organic light-emitting device. For
example, the compound may be included in a hole transport
region or an emission layer. Accordingly, an organic light-
emitting device according to an embodiment includes: a first
electrode; a second electrode facing the first electrode; and
an organic layer that is disposed between the first electrode
and the second electrode and includes an emission layer,
wherein the organic layer includes at least one of the
compounds described above.

The expression that “(an organic layer) includes at least
one compound” used herein may include a case in which
“(an organic layer) includes identical compounds repre-
sented by Formula 1 and a case in which (an organic layer)
includes two or more different compounds represented by
Formula 1.

The organic layer includes i) a hole transport region that
is disposed between the first electrode (anode) and the
emission layer and includes 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 (cathode) and
includes at least one selected from a hole blocking layer, an
electron transport layer, and an electron injection layer. For
example, the hole transport layer may include the compound
represented by Formula 1.

The term “organic layer” 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. A material included in the “organic layer”
is not limited to an organic material.

FIG. 1 illustrates a schematic view of an organic light-
emitting device 10 according to an embodiment. The organic
light-emitting device 10 includes a first electrode 110, an
organic layer 150, and a second electrode 190.
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Hereinafter, the structure of an organic light-emitting
device according to an embodiment and a method of manu-
facturing an organic light-emitting device according to an
embodiment will be described in connection with FIG. 1.

In FIG. 1, a substrate may be additionally disposed under
the first electrode 110 or above the second electrode 190.
The substrate may be, for example, a glass substrate or
transparent plastic substrate, each with excellent mechanical
strength, thermal stability, transparency, surface smooth-
ness, ease of handling, and water resistance.

The first electrode 110 may be formed by depositing or
sputtering a material for forming the first electrode on the
substrate. When the first electrode 110 is an anode, the
material for the first electrode 110 may be selected from
materials with a high work function to make holes be easily
injected. The first electrode 110 may be a reflective electrode
or a transmissive electrode. The material for the first elec-
trode 110 may be a transparent and highly conductive
material, and examples of such a material are indium tin
oxide (ITO), indium zinc oxide (IZO), tin oxide (Sn0O,), and
zine oxide (ZnO). When the first electrode 110 is a semi-
transmissive electrode or a reflective electrode, as a material
for forming the first electrode, at least one of magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), calcium
(Ca), magnesium-indium (Mg—In), magnesium-silver
(Mg—Ag) may be used.

The first electrode 110 may have a single-layer structure,
or a multi-layer structure including two or more layers. For
example, the first electrode 110 may have a three-layered
structure of ITO/Ag/ITO.

The organic layer 150 is disposed on the first electrode
110. The organic layer 150 may include an emission layer.

The organic layer 150 may further include a hole transport
region disposed between the first electrode and the emission
layer, and an electron transport region disposed between the
emission layer and the second electrode.

The hole transport region may include, for example, at
least one selected from a hole injection layer (HIL), a hole
transport layer (HTL), a buffer layer, and an electron block-
ing layer (EBL), and the electron transport region may
include at least one selected from a hole blocking layer
(HBL), an electron transport layer (ETL), and an electron
injection layer (EIL).

The hole transport region may have a single-layered
structure formed of a single material, a single-layered struc-
ture formed of a plurality of different materials, or a multi-
layered structure having a plurality of layers formed of a
plurality of different materials.

For example, the hole transport region may have a single-
layered structure formed of a plurality of different materials,
or a structure of hole injection layer/hole transport layer, a
structure of hole injection layer/hole transport layer/buffer
layer, a structure of hole injection layer/buffer layer, a
structure of hole transport layer/buffer layer, or a structure of
hole injection layer/hole transport layer/electron blocking
layer, wherein layers of each structure are sequentially
stacked from the first electrode 110 in this stated order.

When the hole transport region includes a hole injection
layer, the hole injection layer may be formed on the first
electrode 110 by using various methods, such as vacuum
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deposition, spin coating casting, a Langmuir-Blodgett (LB)
method, ink-jet printing, laser-printing, or laser-induced
thermal imaging.

When a hole injection layer is formed by vacuum depo-
sition, for example, the vacuum deposition may be per-
formed at a temperature of a deposition temperature of about
100 to about 500° C., at a vacuum degree of about 10~° to
about 1072 torr, and at a deposition rate of about 0.01 to
about 100 A/sec in consideration of a compound for a hole
injection layer to be deposited, and the structure of a hole
injection layer to be formed.

When a hole injection layer is formed by spin coating, the
spin coating may be performed at a coating rate of about
2000 rpm to about 5000 rpm, and at a temperature of about
80° C. to 200° C. in consideration of a compound for a hole
injection layer to be deposited, and the structure of a hole
injection layer to be formed.

When the hole transport region includes a hole transport
layer, the hole transport layer may be formed on the first
electrode 110 or the hole injection layer by using various
methods, such as vacuum deposition, spin coating, casting,
a LB method, ink-jet printing, laser-printing, or laser-in-
duced thermal imaging. When the hole transport layer is
formed by vacuum deposition or spin coating, deposition
and coating conditions for the hole transport layer may be
the same as the deposition and coating conditions for the
hole injection layer.

The hole transport region may further include, in addition
to the compound of Formula 1, at least one selected from
m-MTDATA, TDATA, 2-TNATA, NPB, -NPB, TPD,
Spiro-TPD, Spiro-NPB, a-NPB, TAPC, HMTPD, 4,4'4"-
tris(N-carbazolyl triphenylamine (TCTA), polyaniline/do-
decylbenzenesulfonic acid (Pani/DBSA), poly(3,4-ethylene-
dioxythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphor sulfonicacid (Pani/CSA), (polyani-
line)/poly(4-styrenesulfonate) (PANI/PSS), a compound
represented by Formula 201 below, and a compound repre-
sented by Formula 202 below:

m-MTDATA
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<Formula 201>
(Lao2xe2—Raoz

Rop—— 201 kar—N,

(L203)ze3— Rao3
<Formmula 202>

Roor——(L201)zal (La03)xa3— Rao3

N—(Lags)as—N,

Rap = (L202)a2 (L204)xas— Rao4

wherein in Formulae 201 and 202,

descriptions of L, to [,y5 are the same as the description
provided herein in connection with L;

xal to xa4 may be each independently selected from 0, 1,
2, and 3;
xa5 may be selected from 1, 2, 3, 4, and 5; and

R,q; 10 Ryo, may be each independently selected from a
substituted or unsubstituted C,-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group, a
substituted or unsubstituted C,-Cy, aryloxy group, a substi-
tuted or unsubstituted C4-C,, arythio group, a substituted or
unsubstituted C,-Cq, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group.

wherein in Formulae 201 and 202,

Lo, to L,o5 may be each independently selected from

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorene group, a
dibenzofluorene group, a phenanthrenylene group, an
anthracenylene group, a pyrenylene group, a chrysenylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, a quinolinylene
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group, an isoquinolinylene group, a quinoxalinylene group,
a quinazolinylene group, a carbazolylene group, and a
triazinylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorene group, a
dibenzofluorene group, a phenanthrenylene group, an
anthracenylene group, a pyrenylene group, a chrysenylene
group, a pyridinylene group, a pyrazinylene group, a pyrim-
idinylene group, a pyridazinylene group, a quinolinylene
group, an isoquinolinylene group, a quinoxalinylene group,
a quinazolinylene group, a carbazolylene group, and a
triazinylene 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 naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, and a triazinyl group;

xal to xa4 may be each independently 0, 1, or 2;
xa5 may be 1, 2, or 3;
R,p; t0 Ry, may be each independently selected from

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl 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 naphthyl group, an azulenyl group,
a fluorenyl group, a spiro-fluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a phenanthrenyl group, an
anthracenyl 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 quinoxalinyl group, a quinazolinyl group, a carba-
zolyl group, and a triazinyl group, but they are not limited
thereto.

The compound represented by Formula 201 may be
represented by Formula 201A:
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<Formula 201 A>
Rys Ropg RaizRons
X
(L202)sa2— / \(RZIG

LSO
(L201)xar \

—

(L203)a3—Raos

For example, the compound represented by Formula 201
may be represented by Formula 201A-1 below:

<Formula 201A-1>

Rose

=
\ /

Roi

Rois

(L203)xa3—Ra03

For example, the compound represented by Formula 202
may be represented by Formula 202A below:

<Formula 202A>

Rapz

o
Réoz \/ a5 \R204

Lo, to Lo, xal to xa3, xa5, and R, , to R, in Formulae
201A, 201A-1 and 202A are already described in detail
above, and R,,, may be understood by referring to the
description provided herein in connection with R,,,, and
R,;; to R,,s may be each independently selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nhitro 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,-Cg, 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 C,-Cq, aryl group, a
Cs-Cgo aryloxy group, a C4-Cgy arylthio group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group.
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For example, in Formulae 2014, 201A-1, and 202A,

L,o; to Ly may be each independently selected from

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinox-
alinylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
quinolinylene group, an isoquinolinylene group, a quinox-
alinylene group, a quinazolinylene group, a carbazolylene
group, and a triazinylene group, each substituted with at
least one of 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, a fluorenyl group, a spiro-fluorenyl group, a benzo-
fluorenyl group, a dibenzofluorenyl group, a phenanthrenyl
group, an anthracenyl group, a pyrenyl group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a quinolinyl group, an isoqui-
nolinyl group, a quinoxalinyl group, a quinazolinyl group, a
carbazolyl group, and a triazinyl group;

xal to xa3 may be each independently 0 or 1;

R,03, Ry, and R, , may be each independently selected
from

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl 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 naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl

group, a pyrenyl group, a chrysenyl group, a pyridinyl
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group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolinyl group, an isoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group;

R,,; and R, ,, may be each independently selected from

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 of a deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl 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 pheny! group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

R,,5 and R, may be each independently selected from

ahydrogen, 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, and a C,-C,, alkoxy group;

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one of a deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid or a salt thereof, a
sulfonic acid or a salt thereof, a phosphoric acid or a salt
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thereof, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, and a triazinyl group;
and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl 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 naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

xa5is 1 or 2.

R, 5 and R,,, in Formulae 201A, and 201A-1 may bind
to each other to form a saturated or unsaturated ring.

The compound represented by Formula 201, and the
compound represented by Formula 202 may each include
compounds HT1 to HT20 illustrated below:

HT1
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HT20

A thickness of the hole transport region may be in a range
of about 100 A to about 10,000 A, for example, about 100
A to about 1000 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 10000 A, for example, about 100 Ato
about 1000 A, and a thickness of the hole transport layer
may be in a range of about 50 A to about 2000 A, for
example about 100 A to about 1500 A. When the thicknesses
of the hole transport region, the hole injection layer, and the
hole transport layer are within these ranges, satisfactory hole
transporting characteristics may be obtained without a sub-
stantial increase in driving voltage.

According to an embodiment, the organic layer 150 of the
organic light-emitting device includes a hole transport
region disposed between the emission layer and the second
electrode 190, wherein the hole transport region includes the
compound represented by Formula 1. For example, the
compound represented by Formula 1 may be included in a
hole transport layer.

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 inhomogeneously
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. Examples of the p-dopant are a
quinone derivative, such as tetracyanoquinonedimethane
(TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoqui-
nonedimethane (F4-TCNQ); a metal oxide, such as a tung-
sten oxide or a molybdenum oxide, and Compound HT-D1
illustrated below:

<Compound HT-D1>

NC | N N
N P N\ CN
L
I\i N CN
NC 7~ ¥
CN
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F F
<F4-TCNQ>

The hole transport region may further include, in addition
to the hole injection layer and the hole transport layer, at
least one of a buffer layer and an electron blocking layer. The
buffer layer may compensate for an optical resonance dis-
tance according to a wavelength of light emitted from the
emission layer. Thus, light-emission efficiency of a formed
organic light-emitting device may be improved. For use as
a material included in the buffer layer, materials that are
included in the hole transport region may be used. The
electron blocking layer may prevent injection of electrons
from the electron transport region.

An emission layer is formed on the first electrode 110 or
the hole transport region by using various methods, such as
vacuum deposition, spin coating, casting, a LB method,
ink-jet printing, laser-printing, or laser-induced thermal
imaging. When an emission layer is formed by vacuum
deposition or spin coating, deposition and coating conditions
for the emission may be the same as those for the hole
injection layer.

When the organic light-emitting device 10 is a full color
organic light-emitting device, the emission layer may be
patterned into a red emission layer, a green emission layer,
or a blue emission layer, according to a sub pixel. In some
embodiments, the emission layer may have a stacked struc-
ture of a red emission layer, a green emission layer, and a
blue emission layer, or may include a red-light emission
material, a green-light emission material, and a blue-light
emission material, which are mixed with each other in a
single layer, to emit white light.

The emission layer may include a host and a dopant.

The host may include at least one selected from TPBi,
TBADN, ADN (also referred to as “DNA”), CBP, CDBP,
and TCP:

TPBi
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According to another embodiment, the host may include
a compound represented by Formula 301 below.

AISOI'[(LSOI)xbl'RSOI]be

<Formula 301>
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wherein in Formula 301,

Ar,,, may be selected from

a naphthalene, a heptalene, a fluorenene, a spiro-fluorene,
a benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, a naphthacene, a picene, a petylene, a
pentaphene, and an indenoanthracene; and

a naphthalene, a heptalene, a fluorenene, a spiro-fluorene,
a benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, a naphthacene, a picene, a perylene, a
pentaphene, and an indenoanthracene, 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,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cg, alkoxy group, a C;-C,,, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cg, aryl group, a
Ce-Cgo aryloxy group, a C4-Cg, arylthio group, a C,-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, monovalent non-aromatic condensed het-
eropolycyclic group, and —S8i(Q30;)(Q302)(Q303) (Qs0; t0
Q505 may be each independently selected from a hydrogen,
a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C4-Cy, aryl
group, and a C,-C, heteroaryl group);

L3, may be understood by referring to the description
provided in connection with L, ;

R;0; may be selected from

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 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 phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazol group, and
a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl 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
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group, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group,
and a triazinyl group; and

xbl may be selected from 0, 1, 2, and 3;

xb2 may be selected from 1, 2, 3, and 4.

wherein in Formula 301,

L,,, may be selected from

a phenylene group, a naphthylene group, a fluorenylene
group, a Spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group, a pyrenylene group, and a
chrysenylene group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a benzofluorenylene
group, a dibenzofluorenylene group, a phenanthrenylene
group, an anthracenylene group. a pyrenylene group, and a
chrysenylene 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 naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, and a chrysenyl group;

R;p; may be selected from

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 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 phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
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fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, and a chrysenyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, and a chrysenyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a pyrenyl group, and a chrysenyl group, each sub-
stituted with at least one of a deuterium, —F, —CI, —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, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
group, a phenanthrenyl group, an anthracenyl group, a
pyrenyl group, and a chrysenyl group, but is not limited
thereto.

For example, the host may include a compound repre-
sented by Formula 301A below:

<Formula 301 A>

\ | /

[(L301)xe—R3o1]xe2

Substituents of Formula 301A may be understood by
corresponding descriptions provided herein.

The compound represented by Formula 301 may include
at least one of Compounds H1 to H42, but is not limited
thereto:

H2

H4
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According to another embodiment, the host may include -continued
at least one of Compounds H43 to H49 below, but are not
limited thereto: 45
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The dopant may be at least one selected from a suitable
fluorescent dopant and a known phosphorescent dopant.

The phosphorescent dopant may include an organometal-
lic complex represented by Formula 401 below:

<Formula 401>

>M — (Laon)xe2

wherein in Formula 401,

M may be selected from iridium (Ir), platinum (Pt),
osmium (Os), titanium (Ti), zirconium (Zr), hafnium (Hf),
euroform (Eu), terbium (Th), and thulium (TM),

X401 to X404 may be each independently nitrogen or
carbon;

A, and A, rings may be each independently selected
from a substituted or unsubstituted benzene group, a sub-
stituted or unsubstituted naphthalene group, a substituted or
unsubstituted fluorenene group, a substituted or unsubsti-
tuted spiro-fluorenene group, a substituted or unsubstituted
indene group, a substituted or unsubstituted pyrrol group, a
substituted or unsubstituted thiophene group, a substituted
or unsubstituted furan group, a substituted or unsubstituted
imidazole group, a substituted or unsubstituted pyrazole
group, a substituted or unsubstituted thiazole group, a sub-
stituted or unsubstituted isothiazole group, a substituted or
unsubstituted oxazole group, a substituted or unsubstituted
isoxazole group, a substituted or unsubstituted pyridine
group, a substituted or unsubstituted pyrazine group, a
substituted or unsubstituted pyrimidine group, a substituted
or unsubstituted pyridazine group, a substituted or unsub-
stituted quinoline group, a substituted or unsubstituted iso-
quinoline group, a substituted or unsubstituted benzoquino-
line group, a substituted or unsubstituted quinoxaline group,
a substituted or unsubstituted quinazoline group, a substi-
tuted or unsubstituted carbazol group, a substituted or
unsubstituted benzoimidazole group, a substituted or unsub-
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stituted benzofuran group, a substituted or unsubstituted
benzothiophene group, a substituted or unsubstituted isoben-
zothiophene group, a substituted or unsubstituted benzoox-
azole group, a substituted or unsubstituted isobenzooxazole
group, a substituted or unsubstituted triazole group, a sub-
stituted or unsubstituted oxadiazole group, a substituted or
unsubstituted triazine group, a substituted or unsubstituted
dibenzofuran group, and a substituted or unsubstituted
dibenzothiophene group; and

at least one substituent of the substituted benzene group,
substituted naphthalene group, substituted fluorenene group,
substituted spiro-fluorenene group, substituted indene
group, substituted pyrrol group, substituted thiophene group,
substituted furan group, substituted imidazole group, sub-
stituted pyrazole group, substituted thiazole group, substi-
tuted isothiazole group, substituted oxazole group, substi-
tuted isoxazole group, substituted pyridine group,
substituted pyrazine group, substituted pyrimidine group,
substituted pyridazine group, substituted quinoline group,
substituted isoquinoline group, substituted benzoquinoline
group, substituted quinoxaline group, substituted quinazo-
line group, substituted carbazol group, substituted benzo-
imidazole group, substituted benzofuran group, substituted
benzothiophene group, substituted isobenzothiophene
group, substituted benzooxazole group, substituted isoben-
zooxazole group, substituted triazole group, substituted
oxadiazole group, substituted triazine group, substituted
dibenzofuran group, and substituted dibenzothiophene
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,-Cg, alkenyl group, a C,-Cg,
alkvnyl group, and a C,-Cg, 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 C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-Cj,
heterocycloalkenyl group, a C4-Cg, aryl group, a Cy-Cqp
aryloxy group, a C,-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-

cyclic group, —N(Q40,)(Qu02), —S1(Qua03)(Qu04)(Quo5);
and —B(Q406)(Quo-);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cyq, aryl group, a Cy4-Cg, aryloxy
group, a C,-Cy, arylthio group, a C,-Cg, heteroaryl group,
and a non-aromatic condensed polycyclic group;

a C5-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 C4-Cy,, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
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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,-Cy,, alkyl group, a C,-C, alkenyl
group, a C,-Cg, alkynyl group, a C,-C, alkoxy group, a
C,-C,, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,o cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cgy aryl group, a Cy-Cqp 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,

7N(Q411)(Q412)> 7Si(Q413)(Q414)(Q415) and 7B(Q416)

(Q417); and
7N(Q421)(Q422)5

—B(Qu26)(Qu27):

Lo, 18 an organic ligand;

xcl is 1, 2, or 3; and

xc21is 0, 1, 2, or 3.

Lo, may be a monovalent, divalent, or trivalent organic
ligand. For example, L,,, may be selected from a halogen
ligand (for example, Cl or F), a diketone ligand (for
example, acetylacetonate, 1,3-diphenyl-1,3-propandionate,
2,2,6,6-tetramethyl-3,5-heptandionate, or hexafluoroaceto-
nate), a carboxylic acid ligand (for example, picolinate,
dimethyl-3-pyrazolecarboxylate, or benzoate), a carbon
monooxide ligand, an isonitrile ligand, a cyano ligand, and
a phosphorous ligand (for example, phosphine, and phos-
phaite), but is not limited thereto.

When A, in Formula 401 has two or more substituents,
the substituents of A,,; may bind to each other to form a
saturated or unsaturated ring.

When A, in Formula 402 has two or more substituents,
the substituents of A,,, may bind to each other to form a
saturated or unsaturated ring.

When xc1 in Formula 401 is two or more, a plurality of
ligands

and

—Si(Qus5)(Qu24)Qu5),

i
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in Formula 401 may be identical or different. When xcl in
Formula 401 is two or more, A, and A,,, may be respec-
tively directly connected to A,q; and Ay, of other neigh-
boring ligands with or without a linker (for example, a C,-C;
alkylene, or —N(R")— (wherein R' may be a C,-C,, alkyl
group or a Cy-C,, aryl group) or —C(=0)—) therebe-
tween.
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Compounds PD1 to PD74 below: PG
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According to another embodiment, the phosphorescent
dopant may include PtOEP:
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PtOEP

The fluorescent dopant may include at least one selected
from DPAVBi, BDAVBI, TBPe, DCM, DCJTB, Coumarin
6, and C545T:

DPVBi

DPAVBi TBPe

DCM

DCITB
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-continued

Coumarin 6

According to another embodiment, the fluorescent dopant
may include a compound represented by Formula 501
below:

<Formula 501>

Lso1)sa1—Rso1

N~

Arsyr=—TLsoshas—N,

—

Lso2)xz—Rso2
xd4

wherein in Formula 501,

Ars,, may be selected from

a naphthalene, a heptalene, a fluorenene, a spiro-fluorene,
a benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, a naphthacene, a picene, a perylene, a
pentaphene, and an indenoanthracene; and

a naphthalene, a heptalene, a fluorenene, a spiro-fluorene,
a benzofluorene, a dibenzofluorene, a phenalene, a phenan-
threne, an anthracene, a fluoranthene, a triphenylene, a
pyrene, a chrysene, a naphthacene, a picene, a perylene, a
pentaphene, and an indenoanthracene, each substituted with
at least one of 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,-Cg, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cg, alkoxy group, a C4-C,, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-Cgy, aryl group, a
Cs-Cyo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, monovalent non-aromatic condensed het-
eropolycyclic group, and —Si(Qso;)(Qs02)(Qs03) (Qsor to
Q503 may be each independently selected from a hydrogen,
a C,-C,, alkyl group, a C,-Cy, alkenyl group, a C,-C,, aryl
group, and a C,-C, heteroaryl group);

L.y to Lsy; may be understood by referring to the
description provided herein in connection with L, ;

Rsp; and Ry,, may be each independently selected from

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
triazinyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group; and

C545T
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a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
triazinyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group, each substituted with at least one of a deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid or a salt
thereof, a sulfonic acid or a salt thereof, a phosphoric acid
or a salt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenanthrenyl group, an anthracenyl
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-
noxalinyl group, a quinazolinyl group, a carbazolyl group, a
triazinyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group;

xd1 to xd3 may be each independently selected from 0, 1,
2, and 3; and

xb4 may be selected from 1, 2, 3, and 4.

The fluorescent host may include at least one of Com-
pounds FD1 to FDS:

D1
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An amount of the dopant in the emission layer may be, for
example, in a range of about 0.01 to about 15 parts by weight
based on 100 parts by weight of the host.

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.

An electron transport region may be disposed on the
emission layer.

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

For example, the electron transport region may have a
structure of electron transport layer/electron injection layer
or a structure of hole blocking layer/electron transport
layer/electron injection layer, wherein layers of each struc-
ture are sequentially stacked from the emission layer in the
stated order.
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The electron transport region may include a hole blocking
layer. The hole blocking layer may be formed, when the
emission layer includes a phosphorescent dopant, to prevent
diffusion of excitons or holes into an electron transport layer.

When the electron transport region includes a hole block-
ing layer, the hole blocking layer may be formed on the
emission layer by using various methods, such as vacuum
deposition, spin coating casting, a Langmuir-Blodgett (LB)
method, ink-jet printing, laser-printing, or laser-induced
thermal imaging. When the hole blocking layer is formed by
vacuum deposition or spin coating, deposition and coating
conditions for the hole blocking layer may be determined by
referring to the deposition and coating conditions for the
hole injection layer.

The hole blocking layer may include, for example, at least
one of BCP and Bphen:

BCP

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 region may include an electron
transport layer. The electron transport layer may be formed
on the emission layer or the hole blocking layer by using
various methods, such as vacuum deposition, spin coating
casting, a LB method, ink-jet printing, laser-printing, or
laser-induced thermal imaging. When an electron transport
layer is formed by vacuum deposition or spin coating,
deposition and coating conditions for the electron transport
layer may be the same as the deposition and coating con-
ditions for the hole injection layer.

According to an embodiment, the organic layer 150 of the
organic light-emitting device includes an electron transport
region disposed between the emission layer and the second
electrode 190, wherein the electron transport region includes
an electron transport layer, and the electron transport layer
includes the compound represented by Formula 1.

The electron transport layer may include at least one
selected from BCP, Bphen, and Alg,,, Balq, TAZ, and NTAZ,
which are illustrated below:
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NTAZ

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

ET-D2

The electron transport region may include an electron
injection layer that allows electrons to be easily provided
from the second electrode 190.

The electron injection layer may be formed on the elec-
tron transport layer by using various methods, such as
vacuum deposition, spin coating casting, a LB method,
ink-jet printing, laser-printing, or laser-induced thermal
imaging. When an electron injection layer is formed by
vacuum deposition or spin coating, deposition and coating
conditions for the electron injection layer may be the same
as those for the hole injection layer.

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 190 is disposed on the organic layer
150 having such a structure. The second electrode 190 may
be a cathode which is an electron injection electrode, and in
this regard, a material for the second electrode 190 may be
metal, an alloy, an electrically conductive compound, or a
mixture thereof, which have a relatively low work function.

Examples of the second electrode 190 are lithium (Li),
magnesium (Mg), aluminum (Al), aluminum-lithium (Al—
Li), calcium (Ca), magnesium-indium (Mg—In), or magne-
sium-silver (Mg—Ag). According to another embodiment,
the material for forming the second electrode 190 may be
ITO or IZ0. The second electrode 190 may be, for example,
a reflective electrode, a semi-transmissive electrode, or a
transmissive electrode.

Also, an organic layer according to an embodiment may
be formed by depositing the compound according to an
embodiment, or may be formed by using a wet method in
which the compound according to an embodiment is pre-
pared in the form of solution and then the solution of the
compound 1s used for coating.

An organic light-emitting device according to an embodi-
ment may be used in various flat panel display apparatuses,
such as a passive matrix organic light-emitting display
apparatus or an active matrix organic light-emitting display
apparatus. In particular, when the organic light-emitting
device is included in an active matrix organic light-emitting
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display apparatus, a first electrode disposed on a substrate
acts as a pixel and may be electrically connected to a source
electrode or a drain electrode of a thin film transistor. In
addition, the organic light-emitting device may be included
in a flat panel display apparatus that emits light in opposite
directions.

Hereinbefore, the organic light-emitting device has been
described with reference to FIG. 1, but the device may have
various structures.

Hereinafter, definitions of substituents used herein will be
presented (the number of carbon numbers used to restrict a
substituent is not limited, and does not limit properties of the
substituent, and unless defined otherwise, the definition of
the substituent is consistent with a general definition
thereof).

A C,-Cq, alkyl group used herein refers to a linear or
branched aliphatic hydrocarbon monovalent group having 1
to 60 carbon atoms, and 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-amy! group, and a hexyl group. A C,-C, alkylene group
used herein refers to a divalent group having the same
structure as the C,-Cyg, alkyl group.

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

A C,-Cy, alkenyl group used herein refers to a hydrocar-
bon group having at least one carbon double bond in the
middle or terminal of the C,-C, alkyl group, and examples
thereof are an ethenyl group, a propenyl group, and a butenyl
group. A C,-C,, alkenylene group used herein refers to a
divalent group having the same structure as the C,-Cg,
alkenyl group.

A C,-Cy, alkynyl group used herein refers to a hydrocar-
bon group having one carbon triple bond in the middle or
terminal of the C,-Cy, alkyl group, and examples thereof are
an ethynyl group, and a propynyl group. A C,-Cg, alky-
nylene group used herein refers to a divalent group having
the same structure as the C,-Cy, alkynyl group.

A C5-C, cycloalkyl group used herein refers to a mon-
ovalent hydrocarbon monocyclic group having 3 to 10
carbon atoms, and 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 refers 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, and examples thereof are a
tetrahydrofuranyl group, and a tetrahydrothiophenyl group.
A C,-Cq heterocycloalkylene group used herein refers to a
divalent group having the same structure as the C,-C,,
heterocycloalkyl group.

A C4-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, and examples thereof are a cyclopentenyl
group, a cyclohexenyl group, and a cycloheptenyl group. A
C;-C,, cycloalkenylene group used herein refers to a diva-
lent group having the same structure as the C,-C,, cycloalk-
enyl 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 bond in its ring.
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Examples of the C,-C,, heterocycloalkenyl group are a
2,3-hydrofuranyl group and a 2,3-hydrothiophenyl group. A
C,-C,,, heterocycloalkenylene group used herein refers to a
divalent group having the same structure as the C,-C,
heterocycloalkenyl group.

A Cy4-Cqy aryl group used herein refers to a monovalent
group having a carbocyclic aromatic system having 6 to 60
carbon atoms, and a C¢-Cy, arylene group used herein refers
to a divalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms. Examples of the C4-Cy, aryl
group are a phenyl group, a naphthyl group, an anthracenyl
group, a phenanthrenyl group, a pyrenyl group, and a
chrysenyl group. When the Cy,-Cqy, aryl group and the
Cs-Cyo arylene group each include two or more rings, the
rings may be fused to each other.

A C,C,, 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 1 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 1 to 60 carbon atoms. Examples of the C,-Cy,
heteroaryl group are a pyridinyl group, a pyrimidiny] 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,-Cg, heteroarylene group
each include two or more rings, the rings may be fused to
each other.

A C4-Cy, aryloxy group used herein indicates —OA, ,,
(wherein A, is the C4-Cq aryl group), and a Cg-Cy,
arylthio group indicates —SA,,; (wherein A,,; is the
CeCg, aryl group).

A monovalent non-aromatic condensed polycyclic group
used herein refers to a monovalent group (for example,
having 8 to 60 carbon atoms) that has two or more rings
condensed to each other, only carbon atoms as a ring
forming atom, and non-aromaticity in the entire molecular
structure. A detailed example of the monovalent non-aro-
matic condensed 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 monovalent non-aromatic condensed polycyclic
group.

A monovalent non-aromatic condensed heteropolycyclic
group used herein refers to a monovalent group (for
example, having 2 to 60 carbon atoms) that has two or more
rings condensed to each other, has a heteroatom selected
from N, O P, and S, other than carbon atoms, as a ring
forming atom, and has non-aromaticity in the entire molecu-
lar structure. An example of the monovalent non-aromatic
condensed 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.

In the present specification, at least one substituent of the
substituted C;-C,, cycloalkylene group, the substituted
C,-C,o heterocycloalkylene group, the substituted C;-C,
cycloalkenylene group, the substituted C,-C,, heterocy-
cloalkenylene group, the substituted C,-Cy, arylene group,
the substituted C,-Cg, heteroarylene group, the substituted
divalent non-aromatic condensed polycyclic group, the sub-
stituted divalent non-aromatic condensed heteropolycyclic
group, the substituted C,-Cg, alkyl group, the substituted
C,-Cyg, alkenyl group, the substituted C,-Cg, alkynyl group,
the substituted C,-Cq,, alkoxy group, the substituted C5-C,,
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cycloalkyl group, the substituted C,-C,, heterocycloalkyl
group, the substituted C,-C, , cycloalkenyl group, the sub-
stituted C,-C,, heterocycloalkenyl group, the substituted
Cs-Co aryl group, the substituted Cq-Cq, aryloxy group, the
substituted C4-Cq, arylthio group, the substituted C,-Cg,
heteroaryl group, the substituted monovalent non-aromatic
condensed polycyclic group, and the substituted monovalent
non-aromatic condensed heteropolycyclic group may be
selected from a deuterium, —F, —C1, —Br, —I, a hydroxyl
group, a cyano group, a nhitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a C,-C, alkyl
group, a C,-Cy,, alkenyl group, a C,-Cy, alkynyl group, and
a C,-Cq, alkoxy group;

a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a C,-C,
alkynyl group, and a C,-Cg, 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 C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a Cy-Cg, aryl group, a C4-Ce,
aryloxy group, a C,-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, —N(Q;;)(Q12). —Si(Q12)(Q14)(Q;s), and
“BQuQ,):

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a C4-Cy,, 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 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,-Cy, 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, 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;-C, cycloalkyl group, a C,-C,  heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C4-Cqy aryl group, a C4-Cyp aryloxy group, a
Cs-Cyp arylthio group, a C,-C, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic group,

—N(Q)(Qz0), —S1(Q23)(Q24)(Qss) and —B(Q26)(Qs):

and
(QjN(QSl)(Q32)s —Si(Q33)(Q34)(Qa5), and  —B(Qs4)

37/

Qu 10 Q7 Qo) 10 Quy and Qy to Qy;, may be each
independently selected from a hydrogen, a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt thereof,

a sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-Cg, alkyl group, a C,-Cq, alkenyl group, a
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C,-Cg, 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-Cq aryl group, a C,-Cy, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, and a monova-
lent non-aromatic condensed heteropolycyclic group.

For example, at least one substituent of the substituted
C;-Cq cycloalkylene group, the substituted C,-C,, hetero-
cycloalkylene group, the substituted C,-C , cycloalkenylene
group, the substituted C,-C, 4 heterocycloalkenylene group,
the substituted C4-Cy, arvlene group, the substituted C,-Cq,
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,-Cq, alkenyl group,
the substituted C,-Cy, alkynyl group, the substituted C,-Cy,
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-C,, aryloxy group, the substituted C4-Cq,
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,-Cg alkenyl group, a C,-Cg, alkynyl group, and a C,-Cq,
alkoxy group;

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cy,
alkynyl group, and a C,-Cg, alkoxy group, each substituted
with at least one of a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid or a salt thereof, a sulfonic acid or
a salt thereof, a phosphoric acid or a salt thereof, a cyclo-
pentyl group, a cyclohexyl group, a cycloheptyl group, a
cyclopentenyl group, a cyclohexenyl 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 benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isooxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
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 benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzooxazolyl group, an isobenzooxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
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group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, —N(Q,;)(Q;2), —Si(Q;3)(Qy.)
(Q15), and —B(Q,6)(Q,,);

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a pentalenyl group, an indenyl group, a
naphthy! group, an azulenyl group, a heptalenyl group, an
indacenyl group, an acenaphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a dibenzo-
fluorenyl group, a phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isooxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a furinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny] group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzooxazolyl group, an isobenzooxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group;

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl 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 benzofluorenyl group, a dibenzo-
fluorenyl group, a phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isooxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a furinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny] group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzooxazolyl group, an isobenzooxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group, each substituted with at least
one of a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid or a salt thereof, a sulfonic acid or a salt thereof, a
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phosphoric acid or a salt thereof, a C,-C, alkyl group, a
C,-Cy, alkenyl group, a C,-Cg, alkynyl group, a C,-Cg,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
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 benzofluorenyl group, a dibenzo-
fluorenyl group, a phenalenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pentacenyl group, a rubicenyl
group, a coronenyl group, an ovalenyl group, a pyrrolyl
group, a thiophenyl group, a furanyl group, an imidazolyl
group, a pyrazolyl group, a thiazolyl group, an isothiazolyl
group, an oxazolyl group, an isooxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a furinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group. a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny! group, a phenanthrolinyl group,
a phenazinyl group, a benzoimidazolyl group, a benzofura-
nyl group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzooxazolyl group, an isobenzooxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, —N(Q,,)(Q,2), —Si(Q53)(Qa4)
(Qz5). and —B(Q,6)(Q»).

—N(Q3)Qs2):  —Si(Q33)(Qa2)(Qs5), and  —B(Qs¢)

37/s
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Q10 Qs Qyy 10 Qy7, Qy 10 Qyy, and Qs to Q57 may be
each independently selected from a hydrogen, a deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid or a salt thereof,
a sulfonic acid or a salt thereof, a phosphoric acid or a salt
thereof, a C,-Cg, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclo-
pentenyl group, a cyclohexenyl 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 benzofluorenyl group, a dibenzofluorenyl group, a
phenalenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a pyre-
nyl group, a chrysenyl group, a naphthacenyl group, a
picenyl group, a perylenyl group, a pentaphenyl group, a
hexacenyl group, a pentacenyl group, a rubicenyl group, a
coronenyl group, an ovalenyl group, a pyrrolyl group, a
thiophenyl group, a furanyl group, an imidazolyl group, a
pyrazolyl group, a thiazolyl group, an isothiazolyl group, an
oxazolyl group, an isooxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
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 benzoimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
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group, a benzooxazolyl group, an isobenzooxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidinyl group.

The term “Ph” used herein refers to a phenyl group, the
term “Me” used herein refers to a methyl group, the term
“Et” used herein refers to an ethyl group, and the term
“ter-Bu” or “Bu”” used herein refers to a tert-butyl group.

The following Examples and Comparative Examples are
provided in order to highlight characteristics of one or more
embodiments, but it will be understood that the Examples
and Comparative Examples are not to be construed as
limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the
scope of the embodiments. Further, it will be understood that
the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Hereinafter, an organic light-emitting device according to
an embodiment will be described in detail with reference to
Synthesis Examples and Examples. 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.

Synthesis Example

Synthesis of Compound 3

HO. 0)

TO 0)
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Synthesis of Intermediate 3-1

6.5 g of methyl-4-methoxysalicylate was diluted with 300
ml of dichloromethane, and then 6.4 ml of triethylamine was
dropped thereto. Then, 9.9 g of anhydrous trifluoroacetic
acid was slowly added dropwise thereto. After 3 hours,
water was used to stop the reaction, and an organic layer was
isolated and dried using anhydrous magnesium sulfate and
concentrated under reduced pressure, and the result was
purified by silica gel column chromatography to obtain
Intermediate 3-1 (10.2 g, 91%) LC/MS cal’d: 314.23 found:
314.25.

(2) Synthesis of Intermediate 3-2

10 g of Intermediate 3-1, diphenylamine (12.5 g), Pd,
(dba); (0.85 g), PtBu, (0.25 ml), and KOtBu (9 g) were
dissolved in toluene (250 mL), and then the result was
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stirred at a temperature of 85° C. for 2 hours. The reaction
product was quenched using water at room temperature, and
then an extraction process was performed thereon three
times using ethyl acetate. A separated organic layer was
dried using anhydrous magnesium sulfate and concentrated
under reduced pressure, and the result was purified by silica
gel column chromatography to obtain Intermediate 3-2 (10
2, 98%). LC/MS cal’d: 333.39 found: 333.40.

(3) Synthesis of Intermediate 3-3

10 g of Intermediate 3-2 was diluted in 300 mL of
tetrahydrofuran, and then at a temperature of 0° C., 25 ml of
methylmagnesiumchloride (3M) was slowly added dropwise
thereto. After 6 hours of mixing, the reaction was quenched
using ammonium chloride, and then an extraction process
was performed thereon three times using ethyl acetate. A
separated organic layer was dried using anhydrous magne-
sium sulfate and concentrated under reduced pressure, and
the result was purified by silica gel column chromatography
to obtain 8.2 g of Intermediate 3-3 (82%). LC/MS cal’d:
333.43 found: 333.44.

(4) Synthesis of Intermediate 3-4

8.2 g of Intermediate 3-3 was diluted in 400 mL of
dichloromethane, and then 0.82 ml of methansulfonyl acid
was slowly added dropwise thereto. 5 minutes after the
addition, a reaction was quenched using triethylamine, and
the residual obtained by reduced-pressure distillation was
separation-purified by silica gel column chromatography to
obtain 6.7 g of Intermediate 3-4 (87%). LC/MS cal’d:
315.42 found: 315.42.

(5) Synthesis of Intermediate 3-5

6.7 g of Intermediate 3-4 was diluted in 100 mL of
dichloromethane, and then 2.4 ml of tribromoborone was
slowly added dropwise thereto. After 3 hours, a saturated
sodium bicarbonate solvent was used to stop the reaction
and the reaction solution was divided into layers. A sepa-
rated organic layer was dried using anhydrous magnesium
sulfate and concentrated under reduced pressure, and the
residual was purified by silica gel column chromatography
to obtain 5.3 g of Intermediate 3-5 (91%). LC/MS cal’d:
301.39 found: 301.42.

(6) Synthesis of Intermediate 3-6

6.5 g of Intermediate 3-6 (94%) was obtained in the same
manner as used to synthesize Intermediate 3-1, except that
5.3 g of Intermediate 3-5 was used. LC/MS cal’d: 433.45
found: 433.47.

(7) Synthesis of Intermediate 3

3.6 g of Compound 3 (86%) was obtained in the same
manner as used to synthesize Intermediate 3-2, except that
3 g of Intermediate 3-6 and 2.7 g of di([1,1'-biphenyl]-4-
yl)amine were used.

Synthesis of Compound 13
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Synthesis of Intermediate 13-3

14.9 g of Intermediate 13-3 (vield of 78%) was obtained
in the same manner as used to synthesize Intermediate 3-2,
except that 10 g of [1,1'-biphenyl]-4-amine(13-1)and 15.6 g
of 3-(4-bromophenyl)-9-phenyl-9H-carbazol (13-2) were
used. LC/MS cal’d: 486.21 found: 486.23.

Synthesis of Compound 13

4.4 g of Compound 13 (82%) was obtained in the same
manner as used to synthesize Intermediate 3-2, except that
3 g of Intermediate 3-6 and 3.6 g of Intermediate 13-3 were
used.

Synthesis of Compound 18

Br.
[ ]\ OH
B/
OH
N OTf
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Synthesis of Intermediate 18-1

5 g of Intermediate 3-6 and 2.3 g of 4-bromophenylbo-
ronyl acid were diluted in 50 ml of tetrahydrofuran and 15
ml of water, and then 0.58 g of Pd(PPh;), and 4.8 g of
K,CO, were added thereto, and then the result was stirred at
a temperature of 65° C. for 8 hours. The reaction product
was quenched using water at room temperature, and then an
extraction process was performed thereon three times using
ethyl acetate. A separated organic layer was dried using
anhydrous magnesium sulfate and concentrated under
reduced pressure, and the result was purified by silica gel
column chromatography to obtain Intermediate 18-1 (2.8 g,
56%). LC/MS cal’d: 439.09 found: 439.09.

Synthesis of Compound 18

3.2 g of Compound 18 (76%) was obtained in the same
manner as used to synthesize Intermediate 3-2, except that
2.8 g of Intermediate 18-1 and 1.6 g of di([1,1'-biphenyl]-
4-yl)amine were used.

Synthesis of Compound 21
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Synthesis of Intermediate 21-2

9.4 g of Compound 21-2 (yield of 89%) was obtained in
the same manner as used to synthesize Intermediate 3-2,
except that 8 g of [1,1'-biphenyl]-4-amine (13-1) and 8 g of
2-bromo-9,9-dimethyl-9H-fluorene  (21-1) were used.
LC/MS cal’d: 361.49 found: 361.48.

Synthesis of Compound 21

3.9 g of Compound 21 (81%) was obtained in the same
manner as used to synthesize Intermediate 3-2, except that
4 g of Intermediate 21-2 and 1.6 g of Intermediate 18-1 were
used.

Synthesis of Compound 33

OTf
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Synthesis of Intermediate 33-1

2.5 g of Compound 33-1 (51%) was obtained in the same
manner as used to synthesize Intermediate 18-1, except that
4.8 g of Intermediate 3-6 and 2.4 g of 3-bromophenylboro-
nyl acid were used. LC/MS cal’d: 439.09 found: 439.09.

Synthesis of Compound 33

3.0 g of Compound 33 (79%) was obtained in the same
manner as used to synthesize Intermediate 3-2, except that
2.5 g of Intermediate 33-1 and 1.6 g of di([1,1'-biphenyl]-
4-yl)amine were used.

Synthesis of Compound 63

Me0,C
3.2
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Synthesis of Intermediate 63-1

10 g of Intermediate 3-2 was diluted in 300 mL of
tetrahydrofuran, and then at a temperature of 0° C., 62 ml of

65 phenylmagnesiumbromide (1 M) was slowly added drop-
wise thereto. After 6 hours of mixing, the reaction was
quenched using ammonium chloride, and then an extraction
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process was performed thereon three times using ethyl
acetate. A separated organic layer was dried using anhydrous
magnesium sulfate and concentrated under reduced pres-
sure, and the result was purified by silica gel column
chromatography to obtain 13 g of Intermediate 63-1 (96%).
LC/MS cal’d: 457.20 found: 457.23.

(2) Synthesis of Intermediate 63-2

13 g of Intermediate 63-1 was diluted in 400 mL of
dichloromethane, and then 0.82 ml of methansulfonyl acid
was slowly added dropwise thereto. 5 minutes after the
addition, a reaction was quenched using triethylamine, and
the residual obtained by reduced-pressure distillation was
separation-purified by silica gel column chromatography to
obtain 11 g of Intermediate 63-2 (89%). LC/MS cal’d:
439.19 found: 439.21.

(3) Synthesis of Intermediate 63-3

11 g of Intermediate 63-2 was diluted in 100 mL of
dichloromethane, and then 2.4 ml of tribromoborone was
slowly added dropwise thereto. After 3 hours, a saturated
sodium bicarbonate solvent was used to stop the reaction
and the reaction solution was divided into layers. An organic
layer was dried using anhydrous magnesium sulfate and
concentrated under reduced pressure, and the result was
purified by silica gel column chromatography to obtain 9.1
g of Intermediate 63-3 (86%). LC/MS cal’d: 425.18 found:
425.19.

(4) Synthesis of Intermediate 63-4

11.2 g of Intermediate 63-4 (94%) was obtained in the
same manner as used to synthesize Intermediate 3-1, except
that 9.1 g of Intermediate 63-3 was used. LC/MS cal’d:
557.13 found: 557.14.

(5) Synthesis of Compound 63

2.9 g of Compound 63 (75%) was obtained in the same
manner as used to synthesize

Intermediate 3-2, except that 3 g of Intermediate 63-4 and
2 g of di([1,1'-biphenyl]-4-yl)amine were used.

Synthesis of Compound 73
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Synthesis of Compound 73

4 g of Compound 73 (84%) was obtained in the same
manner as used to synthesize Intermediate 3-2, except that
2.6 g of Intermediate 13-3 and 3 g of Intermediate 63-4 were
used.

Synthesis of Compound 78

Br

Br
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Synthesis of Compound 81
2.2 g of Compound 81 (88%) was obtained in the same
Synthesis of Intermediate 78-1 manner as used to synthesize Intermediate 3-2, except that
5.4 g of Intermediate 78-1 (54%) was obtained in the 25 2 gofIntermediate 21-2 and 3.1 g of Intermediate 78-1 were
same manner as used to synthesize Intermediate 18-1, except used.
that 10 g of Intermediate 63-4 was used. LC/MS cal’d: Synthesis of Compound 93
563.12 found: 563.13.

Synthesis of Compound 78 30

2.9 g of Compound 3 (76%) was obtained in the same
manner as used to synthesize
Intermediate 3-2, except that 2.7 g of Intermediate 78-1
and 2 g of. di([1,1'-biphenyl]-4-yl)amine were used. N N OTf g . _OH
Synthesis of Compound 81
OH
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Synthesis of Intermediate 93-1

5.1 g of Compound 93-1 (51%) was obtained in the same
manner as used to synthesize [ntermediate 78-1, except that
8 g of Intermediate 63-4 and 2.8 g of 3-bromophenylboronyl
acid were used. LC/MS cal’d: 563.12 found: 563.13.

10

Synthesis of Compound 93

3.8 g of Compound 93 (88%) was obtained in the same
| manner as used to synthesize Intermediate 3-2, except that

3 g of Intermediate 93-1 and 2 g of di([1,1'-biphenyl]-4-y1)
amine were used.

20 NMR data of the synthesized compounds are shown in
Table 1 below.

TABLE 1
LOMS
Compound 'H NMR (CDCl, 400 MHz) found  cale.
3 7.57-7.54(m, 4H) 7.48-7.42(m, 9H), 7.37(m, 2H), 7.22(m, 1H), 43347 43345
7.08-
7.05(m, 2H), 6.99(d, 1H), 6.87-6.84(m, 2H), 6.64-6.59(m, SH),
6.54(d, 1H), 6.37 (m, 2H), 6.27(dd, 1H), 1.77(m, 3H), 1.64(m, 3H)
13 8.23(d, 1H), 8.05(d, 1H), 7.74(d, 1H), 7.66(dd, 1H), 7.57-7.54(m,  769.36 769.35
4H), 7.50-7.19( m, 15H), 7.11-7.07(m, 2H), 6.99-6.83(m, 3H),
6.65-
6.54(m, 6H), 6.37(td, 2H), 6.27(dd, 1H), 1.77(m, 3H}, 1.64(m, 3H)
18  7.60-7.55(m, 4H), 7.48-7.33(m, 13H), 7.15(dd, 1H), 7.08-6.99(m,  680.33  680.32
4H), 6.88-6.81(m, 6H), 6.62-6.58(m, 3H), 6.34-6.31(m, 2H), 1.77
(m,
3H), 1.64(m, 3H)
21 7.76(td, 1H), 7.58-7.56(m, 2H), 7.47-7.30(m, 12H), 7.14-6.97(m, ~ 72038 720.35
6H), 6.87-6.83(m, 2H) 6.72-6.50(m, 6H), 6.42(dd, 1H), 6.33-6.31
(m,
2H), 1.77(m, 3H), 1.64(m, 3H), 1.61(s, 6H)
33 7.587.56(m, 4H), 7.48-7.33(m, 12H), 7.23(qd, 1H) 7.13-6.94(m, 680.88  680.89
7H), 6.88-6.83(m, 2H), 6.64-6.57(m, SH), 6.34-6.32(m, 2H), 6.24
(qd,
1H), 1.77(m, 3H) 1.64(m, 3H),
63 7.59-7.56(m, 4H), 7.50-7.43(m, 8H), 7.40-7.34(m, 2H), 7.26-7.14  723.33 72832
m>
(6H), 7.11-7.05(m, 6H), 6.99(m, 1H), 6.84(m, 1H), 6.64-6.59(m,
5H),
6.46(m, 1H), 6.40-6.37(m, 3H), 6.24-6.22(m, 2H), 6.15(td, 1H)
73 8.24(d, 1H), 8.05(m, 1H), 7.75-7.65(m, 2H), 7.59-6.95(m, 31H), 898.39  §98.38
6.84(dd, 1H), 6.67-6.59(m, 5H), 6.48-6.37(m, 3H), 6.24-6.12(m,
3H)
78 7.587.55(m, 4H), 7.49-7.33(m, 12H), 7.26-7.04(m, 12H), 6.97(dt,  804.36  804.35
1H), 6.90(dd, 1H), 6.85-6.81(m, 5H), 6.64-6.58(m, 4H), 6.46(dd,
1H), 6.33-6.30(m, 2H), 6.15-6.12(td, 1H), 6.03(dd, 1H)
81 7.77(dd, 1H), 7.58-7.56(m, 2H), 748-7.30(m, 10H), 7.26-7.06(m, 84440  844.38
14H), 6.99(td, 1H), 6.90(dd, 1H), 6.83-6.72(m, 2H), 6.62-6.30(m,
9H), 6.15-6.01(m, 2H), 1.62(s, 6H)
93 7.587.55(m, 4H), 7.48-7.34(m, 12H), 7.21-6.95(m, 15H), 6.85(dd, 804.34 80435

1H), 6.64-6.55(m, 5H), 6.45-6.30(m, 4H), 6.25-6.10(m, 3H)
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EXAMPLE

Comparative Example 1

An anode was prepared by cutting a Corning 15 Qem?®
(1200 A) ITO glass substrate to a size of 50 mmx350 mmx0.7
mm, ultrasonically cleaning the glass substrate by using
isopropyl alcohol and pure water for 5 minutes each, and
then irradiating UV light for 30 minutes thereto and expos-
ing to ozone to clean. Then, the anode was loaded into a
vacuum deposition apparatus.

Then, 2-TNATA was vacuum deposited on thereon to
form a hole injection layer having a thickness of 600 A, and

10

138
then 4 4'-bis[N-(1-naphthyl)-N-phenylamino|biphenyl
(NPB), which is a known hole transport compound, was
deposited on the hole injection layer to form a hole transport
layer having a thickness of 300 A.

9,10-di(naphthalen-2-yl)anthracene (DNA), which is a
known blue fluorescent host, and 4,4'-bis[2-(4-(N,N-diphe-
nylamino)phenyl)vinyl]biphenyl (BDAVBI), which is a
known blue fluorescent dopant, were co-deposited on the
hole transport layer at a weight ratio of 98:2 to form an
emission layer having a thickness of 300 A to form an
emission layer.

SONSAGES

O %

2-TNATA

NPB

BDAVBI
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-continued

Then, Alg, was deposited on the emission layer to form an
electron transport layer having a thickness of 300 A, and
then LiF, which is a halogenated alkali metal, was deposited
on the electron transport layer to form an electron injection
layer having a thickness of 10 A, and Al was vacuum
deposited thereon to a thickness of 3000 A (cathode),
thereby forming an LiF/Al electrode, thereby completing the
manufacturing of an organic light-emitting device.

15

20

Comparative Example 2
25

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that in forming the
hole transport layer, Compound A was used instead of NPB.
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Comparative Example 3

An organic light-emitting device was manufactured in the 65
same manner as in Example 1, except that in forming the
hole transport layer, Compound B was used instead of NPB.

140

Example 1

An organic light-emitting device was manufactured in the
same manner as in Comparative Example 1, except that in
forming the hole transport layer, Compound 3 was used
instead of NPB.

Example 2

An organic light-emitting device was manufactured in the
same manner as in Comparative Example 1, except that in
forming the hole transport layer, Compound 13 was used
instead of NPB.

Example 3

An organic light-emitting device was manufactured in the
same manner as in Comparative Example 1, except that in
forming the hole transport layer, Compound 18 was used
instead of NPB.

Examples 4 to 10

Organic light-emitting devices were manufactured in the
same manner as in Comparative Example 1, except that in
forming the hole transport layer, compounds shown in Table
2 below were used instead of NPB.

Compounds represented by Formula 1 according to
embodiments were used as a material for a hole transport
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layer. Compared with the compounds used in Comparative
Examples, the compounds according to embodiments pro-
vided excellent I-V-L characteristics, such as low driving
voltage and high efficiency, and in particular, high lifespan
improvement effects, leading to substantially prolonged
lifespan. Representative characteristics and lifespan results
were summarized and results thereof are shown in Table 2
below.

142

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 sub-
stituted or unsubstituted C,-C, alkenyl group, a sub-
stituted or unsubstituted C,-C, alkynyl group, a sub-
stituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a

TABLE 2
Driving  Current Half lifespan
Hole transport ~ voltage  density  Brightness Efficiency Emission (hr @
material (V)  (mA/em?)  (cdim?®) (cd/A) color 100 mA/em?)

Comparative NPB 7.01 50 2645 5.29 Blue 258
Example 1

Comparative A 6.75 50 2700 5.40 Blue 274
Example 2

Comparative B 6.43 50 2760 5.52 Blue 286
Example 3

Example 1 ~ Compound 3 5.34 50 3320 6.64 Blue 348
Example 2 Compound 13 5.20 50 3410 6.82 Blue 362
Example 3 Compound 18 5.40 50 3485 6.97 Blue 378
Example 4  Compound 21 5.28 50 3470 6.94 Blue 376
Example 5 Compound 33 5.43 50 3490 6.98 Blue 364
Example 6  Compound 63 5.67 50 3335 6.67 Blue 391
Example 7 Compound 73 5.72 50 3325 6.65 Blue 389
Example 8  Compound 78 5.68 50 3235 647 Blue 390
Example 9 Compound 81 5.70 50 3290 6.58 Blue 392
Example 10 Compound 93 5.72 50 3215 643 Blue 393

An organic light-emitting device including the compound
according to an embodiment may have a low driving volt-
age, high efficiency, high brightness, and long lifespan.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted in a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims.

What is claimed is:
1. A compound represented by Formula 3 below:

<Formula 3>
!
| N

N L’)/ s
n

U

wherein in Formula 3,

R,, Ry, and R; are each independently selected from a
hydrogen, a deuterium, —F, —Cl, —Br, -1, a hydroxyl
group, a cyano group, a nitro group, an amino group, an

30

40

45

50

55

substituted or unsubstituted C,-C,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
Ce-Cq aryl group, a substituted or unsubstituted
CeCyo aryloxy group, a substituted or unsubstituted
Ce-Cgo arylthio group, a substituted or unsubstituted
C,-C¢o heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
a substituted or unsubstituted monovalent non-aromatic
condensed heteropolycyclic group, —N(Q,)(Q,), —Si
(Q2)(QL(Qs), and —B(Qe)(Q7);

L is selected from a bond, a substituted or unsubstituted
C;-C,q cycloalkylene group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkylene group, a substituted
or unsubstituted C5-C,,, cycloalkenylene group, a sub-
stituted or unsubstituted C,-C, , heterocycloalkenylene
group, a substituted or unsubstituted C,-Cq,, arylene
group, a substituted or unsubstituted C,-Cq, 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;

n is an integer selected from 1, 2, and 3, and when n is 2
or more, a plurality of L are identical or different;

at least one substituent of the substituted C,-C, alkyl
group, substituted C,-C,, alkenyl group, substituted
C,-Cg alkynyl group, substituted C,-C,, alkoxy group,
substituted C,;-C,, cycloalkyl group, substituted
C;-C, cycloalkylene group, substituted C,-C, , hetero-
cycloalkyl group, substituted C,-C,,, heterocycloalky-
lene group, substituted C,-C, , cycloalkenyl group, sub-
stituted C,-C,, cycloalkenylene group, substituted
C,-C,, heterocycloalkenyl group, substituted C,-C,,
heterocycloalkenylene group, substituted C,-Cg, aryl
group, substituted C¢-C, arylene group, substituted
Ce-Cqo aryloxy group, substituted C,-C, arylthio
group, substituted C,-Cg, heteroaryl group, substituted
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C,-C¢, heteroarylene group, substituted monovalent
non-aromatic condensed polycyclic group, substituted
monovalent non-aromatic condensed heteropolycyclic
group, substituted divalent non-aromatic condensed
polycyclic group, and substituted divalent non-aro-
matic 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,-Cq,
alkyl group, a C,-Cg, alkenyl group, a C,-C, alkynyl
group, and a C,-C; alkoxy group;

a C,-Cy, alkyl group, a C,-C, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, 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 C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C,-C,,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C4-Cg, aryloxy group, a
C-Cgo arvlthio group, a C,-C,, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
a monovalent non-aromatic condensed heteropolycy-
clic group, —N(Qy1)(Qy2), —Si(Q13)(Q14)Q;5), and
—BQ,)Qu)

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cg, aryl group, a C4-Cgy,
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;

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cgy, aryl group, a Cy-Cqyy
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group, each substituted with at
least one selected from 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,-C,, alkyl group, a C,-Cg4, alkenyl
group, a C,-C, alkynyl group, a C,-Cg, alkoxy group,
a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cgy, aryl group, a Cy-Cy,
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q5,), —Si
(Q23)(Q24)(Q25) and —B(Q56)(Q57); and

*I(\(S(Qs)l)(Qsz)a —Si(Q33)(Q34)(Qs5), and  —B(Qs¢)

37/

wherein Q, to Q7, Q11 10 Qy7, Qz; 10 Qy7, and Q5 10 Q7
are each independently selected from a hydrogen, 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 car-
boxylic acid or a salt thereof, a sulfonic acid or a salt
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thereof, a phosphoric acid or a salt thereof, a C,-Cq,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl
group, a C,-C,, alkoxy group, a C;-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a C,-Cy, aryl group, a C,-Cg, heteroaryl group,
a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group.

2. The compound as claimed in claim 1, wherein two or
more adjacent substituents selected from R, R, and R, in
Formula 3 are linked to each other to form a ring.

3. The compound as claimed in claim 1, wherein R, R,
and R, in Formula 3 are each independently selected from a
substituted or unsubstituted C,-C, alkyl group, a substi-
tuted or unsubstituted C4-Cy, aryl group, and a substituted or
unsubstituted C,-Cg, heteroaryl group.

4. The compound as claimed in claim 1, wherein L in
Formula 3 is a bond, a substituted or unsubstituted C4-Cg,
arylene group, or a substituted or unsubstiuted C,-C,
heteroarylene group.

5. The compound as claimed in claim 1, wherein n in
Formula 3 is 1.

6. The compound as claimed in claim 1, wherein R, in
Formula 3 is Formula 2a:

:\;— @
S

7, in Formula 2a is selected from a hydrogen, a deute-
rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a car-
boxylic acid or a salt thereof, a sulfonic acid or a salt
thereof, a phosphoric acid or a salt thereof, a substituted
or unsubstituted C, to C,, alkyl group, a substituted or
unsubstituted Cq to C,, aryl group, a substituted or
unsubstituted C, to C,, heteroaryl group, a substituted
or unsubstituted monovalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group;

p is an integer of 1 to 5; and

when p is 2 or more, a plurality of Z, are identical or
different; and

* indicates a binding site.

7. The compound as claimed in claim 1, wherein R, and

R, in Formula 3 are each independently one of Formulae 4a
to 4c below:

&

) 4a
1
N

A

4

X TR
o . )y

NP
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_continued 11. The organic light-emitting device as claimed in claim
4e 9, wherein

H
. (\( l the first electrode is an anode,

5 the second electrode is a cathode, and

the organic layer includes:

=/ ")

’ a hole transport region that is disposed between the first
electrode and the emission layer and includes at least
wherein in Formulae 4a to 4c, 10 one of a hole injection layer, a hole transport layer,

H, is CR,,R,, or NR,;; and an electron blocking layer, and
Ry1. Rz, Rys, and Z, are each independently selected from an electron transport region that is disposed between
a hydrogen, a deuterium, —F, —Cl, —Br, —1, a the emission layer and the second electrode and
hydroxyl group, a cyano group, a nitro group, an amino includes at least one selected from a hole blocking
group, an amidino group, a hydrazine group, a hydra- ;5 layer, an electron transport layer, and an electron

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

= L injection layer.
sulfonic acid or a salt thereof, a phosphoric acid or a

salt thereof, a substituted or unsubstituted C,-C,,, alkyl 12. The organic light-emitting dev.lce as claimed in claim
group, a substituted or unsubstituted C4-C., aryl group, 11, wherein the hole transport region includes the com-
a substituted or unsubstituted C,-C,, heteroaryl group, ,, pound.

a substituted or unsubstituted monovalent non-aromatic 13. The organic light-emitting device as claimed in claim
condensed polycyclic group, a substituted or unsubsti- 11, wherein the hole transport layer of the hole transport
tuted monovalent non-aromatic condensed heteropoly- region includes the compound.

cyclic group, an(.l —SiQQIQy): 14. The organic light-emitting device as claimed in claim
Qs to Qs are each independently selected from a hydro- 25 1 wherein the electron transport region comprises a metal

gen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl complex.

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 thereofa C,-C,, 30

alkyl group, a C,-Cg, 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,, 16. A compound, wherein the compound is any one of

cycloalkenyl group, a C,-C,, heterocycloalkenyl ~ compounds below:

group, a C4-Cy, aryl group, a C,-Cy, heteroaryl group, 35

a monovalent non-aromatic condensed polycyclic

group, and a monovalent non-aromatic condensed het- 1

eropolycyclic group;

15. A flat display apparatus comprising the organic light-
emitting device as claimed in claim 9, wherein the first
electrode of the organic light-emitting device is electrically
connected to a source electrode or a drain electrode of a thin
film transistor.

p is an integer of 1 to 7,

when p is 2 or more, a plurality of 7, are identical or 40

different; and

* indicates a binding site to a neighboring atom. N N
8. The compound as claimed in claim 1, wherein L in
Formula 3 is a bond or Formula 5a: 45

Sa

)

50

<

* in Formula 5a indicates a binding site to a neighboring
atom. 55

9. An organic light-emitting device, comprising:
a first electrode;
a second electrode facing the first electrode; and

an organic layer disposed between the first electrode and

the second electrode and including an emission layer, N N
wherein:

the organic layer includes at least one of the compound as q
claimed in claim 1.

10. The organic light-emitting device as claimed in claim 65

9, wherein the organic layer is formed by using a wet
process.
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17. An organic light-emitting device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an organic layer disposed between the first electrode and

the second electrode and including an emission layer,
wherein:

the organic layer includes at least one compound as

claimed in claim 16.

18. A flat display apparatus comprising the organic light-
emitting device as claimed in claim 17, wherein the first
electrode of the organic light-emitting device is electrically
connected to a source electrode or a drain electrode of a thin
film transistor.
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