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(57) ABSTRACT

A dibenzoborole-based compound and an organic light-
emitting device including the same. The dibenzoborole-
based compound is represented by the formula A -(A,),,,
wherein A, may be selected from specific aromatic and
non-aromatic carbocycles and heterocycles, nl may be an
integer selected from 1 to 10, and each A, moiety may
independently be selected from a group represented by
Formula 2:

Formula 2
EDer
z X
=]
Lo
k\/\ / \() (EZ)CZ
Ry
o \\(Rz)bz-

The dibenzoborole-based compound may be included in the
hole transport region or hole transport layer. When the
dibenzoborole-based compound has strong electron acceptor
characteristics, the hole injection barrier between the anode
and the organic layer may be reduced, and thus, an organic
light-emitting device including the dibenzoborole-based
compound may have high efficiency and a long lifespan.

19 Claims, 3 Drawing Sheets
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DIBENZOBOROLE-BASED COMPOUND AND
ORGANIC LIGHT EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0111634, filed on
Aug. 7, 2015, in the Korean Intellectual Property Office, the
entire content which is incorporated herein by reference.

BACKGROUND

1. Field

One or more aspects of example embodiments of the
present disclosure relate to a dibenzoborole-based com-
pound and an organic light-emitting device including the
same.

2. Description of the Related Art

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

An OLED may include a first electrode on a substrate, and
a hole transport region, an emission layer, an electron
transport region, and a second electrode, which are sequen-
tially positioned 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. The holes and
the electrons may recombine in the emission layer to pro-
duce excitons. These excitons may change (e.g., transition or
decay) from an excited state to the ground state to thereby
generate light.

SUMMARY

One or more aspects of example embodiments of the
present disclosure are directed toward a dibenzoborole-
based compound and an organic light-emitting device
including the same.

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

One or more example embodiments of the present dis-
closure provide a dibenzoborole-based compound repre-
sented by Formula 1:

A-(Ag)y- Formula 1

In Formula 1,

A, may be selected from a substituted or unsubstituted
triazine, a substituted or unsubstituted vinylene carbonate, a
substituted or unsubstituted thiophene, a substituted or
unsubstituted azulene, a substituted or unsubstituted naph-
thalene, a substituted or unsubstituted anthracene, and a
substituted or unsubstituted pyrene,

nl may be an integer selected from 1 to 10, and when nl
is 2 or greater, each A, moiety may independently be
selected from the below-described groups,
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A, may be represented by Formula 2:

Formula 2
Eer
r/\/ | X
S 0) P
k\/\ / \(>(E2)cz
R
Rp)p1 \\(Rz)bz-

In Formula 2,

X may be selected from B(E,,) and B(R;,),

L, may be selected from a substituted or unsubstituted
C;-C,, cycloalkylene group, a substituted or unsubstituted
C,-C,, heterocycloalkylene group, a substituted or unsub-
stituted C,-C,, cycloalkenylene group, a substituted or
unsubstituted C,-C, , heterocycloalkenylene group, a substi-
tuted 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,

al may be selected from 0 and 1,

E,, E,, and E;, may each independently be an electron
withdrawing group,

cl may be an integer selected from 0 to 3, ¢2 may be an
integer selected from 0 to 4, and the sum of ¢1 and ¢2 may
be 1 or greater,

R;, R,, and Ry, may each independently be selected from
hydrogen, deuterium, a hydroxy! group, an amino group, an
am idino group, a hydrazine group, a hydrazone group, a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-Cy, alkynyl group, a substituted or unsub-
stituted C,-Cg, alkoxy group, a substituted or unsubstituted
C;-C,o cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C;-Cg, aryl group, a substituted or unsubsti-
tuted Cq-Cygq aryloxy group, a substituted or unsubstituted
Cs-Cg arylthio group, a substituted or unsubstituted C,-Cy,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, a substituted or
unsubstituted monovalent non-aromatic condensed het-

eropolycyclic group, —N(Q,)(Q,), —Si(Q:)(Q4)(Qs), and
—BQaQ),

b1 may be an integer selected from O to 3, and b2 may be
an integer selected from 0 to 4,

at least one substituent of the substituted triazine, substi-
tuted vinylene carbonate, substituted thiophene, substituted
azulene, substituted naphthalene, substituted anthracene,
substituted pyrene, substituted C5-C,, cycloalkylene group,
substituted C,-C,, heterocycloalkylene group, substituted
C;-C, cycloalkenylene group, substituted C,-C, , heterocy-
cloalkenylene group, substituted C,-Cy, arylene group, sub-
stituted C,-Cg, heteroarylene group, substituted divalent
non-aromatic condensed polycyclic group, substituted diva-
lent non-aromatic condensed heteropolycyclic group, sub-
stituted C,-Cg, alkyl group, substituted C,-C,, alkenyl
group, substituted C,-C, alkynyl group, substituted C,-C,
alkoxy group, substituted C5-C,, cycloalkyl group, substi-
tuted C,-C,, heterocycloalkyl group, substituted C;-C,,
cycloalkenyl group, substituted C,-C,, heterocycloalkenyl
group, substituted Cq-Cg, aryl group, substituted Cq-Ce,
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aryloxy group, substituted C4-C, arylthio group, substituted
C,-Cy4, heteroaryl group, substituted monovalent non-aro-
matic condensed polycyclic group, and substituted monova-
lent non-aromatic condensed heteropolycyclic group may be
selected from:

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cg,
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,-Cy, alkenyl group, a C,-Cy,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C;-C |, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C,-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a Cy,-Cgy, aryl group, a
Cs-Cgyp aryloxy group, a C4-Cy,, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolyeyclic group, —N(Q;)(Q;5), —Si(Q3)(Q1a)
(Q15), and —B(Q;6)(Q5),

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,-Cgy, 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 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-Cq, 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
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl group,
a C,-Cy, alkenyl group, a C,-C, alkynyl group, a C,-Cy,
alkoxy group, a C5-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C,;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a C4-Cqy
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(Qy)(Qyp): —Si(Q3)(Q24)(Qy5), and
—B(Q26)(Q27), and
(Q*)N(Qsl)(Qsz)a —Si(Q43)(Q34)(Qs5), and  —B(Q54)

37

wherein Q, to Q,, Q;; 10 Q;7, Qy 10 Qy7, and Q4 10 Qs
may each independently be selected from hydrogen, deute-

rium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano group,
a nitro group, an amino group, an am idino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl group,
a C,-Cg, alkenyl group, a C,-Cq, alkynyl group, a C,-Cq,
alkoxy group, a C5-C,, cycloalkyl group, a C,-C, , hetero-
cycloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,
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heterocycloalkenyl group, a Ce-C, aryl group, a C,-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heterapolycyclic group, a biphenyl group, and a terphenyl
group, and * may indicate a binding site to A,.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following descriptions of
example embodiments, taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a schematic cross-sectional view of an embodi-
ment of an organic light-emitting device;

FIG. 2 is a series of images showing the HOMO and
LUMO molecular orbital probability distributions of a
dibenzoborole and a carbazole; and

FIG. 3 is a graph showing the energy level of a hole
injection barrier (HIB) at the interface between the anode
and the hole transport layer as a function of the molar ratio
(MR) of p-dopant to matrix material. In the graphed
samples, the matrix is HT21, and the p-dopants are selected
from the compounds of Examples 1 to 5 and Comparative
Examples 1 to 4.

DETAILED DESCRIPTION

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

In the drawings, the thickness of layers, films, panels,
regions, etc., may be exaggerated for clarity. It will be
understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing element(s) may also be present. In contrast, when an
element is referred to as being “directly on” another element,
no intervening elements are present.

One or more aspects of embodiments of the present
disclosure provide a dibenzoborole-based compound repre-
sented by Formula 1:

Ap-(Ag)ar Formula 1

In Formula 1,

A, may be selected from a substituted or unsubstituted
triazine, a substituted or unsubstituted vinylene carbonate, a
substituted or unsubstituted thiophene, a substituted or
unsubstituted azulene, a substituted or unsubstituted naph-
thalene, a substituted or unsubstituted anthracene, and a
substituted or unsubstituted pyrene.

In some embodiments, in Formula 1, A, may be selected
from Formulae 1A to 7A:
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1A
L)
N Z31)131
2A
(0]
Z31)p32
3A
0,
(Z31e33
4A
S5A
AN
F
6A
A Vg VO
|
@31z
yalaa
TA
/
(Z3l)b36_ .
Zs2)36

In Formulae 1A to 7A,

Z,, and Z,, may each independently be selected from:

a binding site to A,;

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

a C,-Cq, alkyl group, a C,-C, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cqy, aryl group, a
Cs-Cgo aryloxy group, a C,-Cy, arylthio group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
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6
polycyclic group, a monovalent non-aromatic condensed

heteropolycyclic group, —N(Qu)Q,) —Si(Q,2)(Q.0)
(Qu6), and —B(Q,6)(Q,5),

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

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 C4-Ce, aryloxy
group, a C-Cq, arylthio group, a C,-Cq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl group,
a C,-Cy, alkenyl group, a C,-Cg, alkynyl group, a C,-Cg,
alkoxy group, a C5-C,, cycloalkyl group. a C,-C,, hetero-
cycloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a Cy-Cg, aryl group, a C4-Cep
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,,)(Qzs), —Si(Q53)(Q14)(Qs6), and
—B(Q26)(Qs7), and
—Si(Q53)(Q54)(Qs5), and  —B(Qs4)

7N(Q31)(Q32):
(Q37)5

wherein Q,; to Q,,, Q,; to Q,,, and Q;, to Q;, may each
independently be selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,
alkenyl group, a C,-C4, 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,, heterocy-
cloalkenyl group, a C4-Cg, aryl group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group,

the number of 75, substituents and/or the number 7, and
7.5, substituents that are binding sites to A, may each be nl,

b31 may be an integer selected from 1 to 3,

b32 may be an integer selected from 1 and 2,

b33 may be an integer selected from 1 to 4,

b34 may be an integer selected from 1 to 8§,

b35 may be an integer selected from 1 to 10, and

b36 may be an integer selected from 1 to 5.

In Formulae 1A to 7A, Z,, and Z,, may each indepen-
dently be selected from:

hydrogen, deuterium, a hydroxyl group, an amino group,
an amidino group, a hydrazine group, a hydrazone group, a
C,-C,, alkyl group, and 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 triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
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a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl 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 triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from deuterium,
a hydroxyl group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, 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 triphenylenyl group, a pyrenyl group,
a chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group, a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an
isoxazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a benzoquinolinyl group. a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, a
benzimidazolyl group, a benzofuranyl group, a benzothio-
phenyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, an imidazopyridinyl group, an imidazopyrimidi-
nyl group, and —Si(Q53)(Q34)(Qss), Wherein Qs; to Q5
may be the same as described earlier herein.

In some embodiments, in Formulae 1A to 7A, 75, and Z,
may each independently be selected from:

hydrogen, deuterium, a hydroxyl group, an amino group,
an amidino group, a hydrazine group, a hydrazone group, a
C,-C,, alkyl group, and a C,-C,, alkoxy group;

a phenyl group and a naphthyl group; and

a phenyl group and a naphthyl group, each substituted
with at least one selected from deuterium, a hydroxyl group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, and a naphthyl group, but embodi-
ments of the present disclosure are not limited thereto.

In Formula 1, nl indicates the number of A, moieties,
wherein nl may be an integer selected from 1 to 10. When
nl is an integer of 2 or greater, each A, moiety may be
independently selected from the below-described groups.

In some embodiments, in Formula 1, n1 may be an integer
selected from 1 to 8.

In some embodiments, in Formula 1, n1 may be an integer
selected from 1 to 6.
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In Formula 1, A, may be a group represented by Formula
2:

Formula 2
Ener

r/\/ X

*— (L
Val k\/\ | / \(>(E2)c2
Ry <
(Ro)a-

In Formula 2, X may be selected from B(E;,) and B(R;;,).
E;, and R;, may be the same as described earlier herein.

In some embodiments, in Formula 2, X may be B(E;,).

In Formula 2, L, may be selected from a substituted or
unsubstituted C5-C,, cycloalkylene group, a substituted or
unsubstituted C,-C,, heterocycloalkylene group, a substi-
tuted or unsubstituted C,-C,, cycloalkenylene group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkenylene
group, a substituted or unsubstituted C,-C, arylene group,
a substituted or unsubstituted C,-C,, heteroarylene group, a
substituted or unsubstituted divalent non-aromatic con-
densed polycyclic group, and a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic group.

In some embodiments, in Formula 2, L., may be selected
from groups represented by Formulae 3-1 to 3-11:

31
% (Zar
&

aw
32
33
3.4
35
3-6

N R

Zas
Y aa
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-continued
37
Z)a
3-8
Z)as
. 39
. 3-10
N
Z1)a
VaaVa
3-11
ZL)as-
In Formulae 3-1 to 3-11,
Y, may be C(Z,)(Z,),

Z, to 7, may each independently be selected from hydro-
gen, deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, and a
chrysenyl group,

dl may be an integer selected from 1 to 4, d2 may be an
integer selected from 1 to 3, d3 may be an integer selected
from 1 to 6, d4 may be an integer selected from 1 to 8, d5
may be an integer selected from 1 to 5; and * and * may
each indicate a binding site to an adjacent atom.

In some embodiments, in Formula 2, [, may be selected
from groups represented by Formulae 4-1 to 4-13, but
embodiments of the present disclosure are not limited
thereto:
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-continued
4-11

4-12

4-13

In Formulae 4-1 to 4-13, * and * may each indicate a
binding site to an adjacent atom.

In Formula 2, al indicates the number of L, moieties,
wherein, in Formula 2, al may be 0 or 1. When al is 0,
*-(L,),,-*" indicates a single bond (e.g., a direct linkage).

In some embodiments, in Formula 2, al may be 0.

In Formula 2, E,, E,, and E;; may each independently be
an electron withdrawing group.

In some embodiments, in Formula 2, E, E,, and E;, may
each independently be selected from —F, —Cl, —Br, —I,
—CN, —NO,, —CF,, —CCl,;, —C,F,, —C,Cl;, —C,
(CN)3, —CBry, —C(NO,);, —C,Brs, —C,15, —C,(NO,);,
and —PO(PhL);.

In some embodiments, in Formula 2, E,, E,, and E;; may
each independently be selected from —CN, —CF;, —CCl,,
—CGoFy, —CCly, —Cy(CN);, —CBr;, —C(NO,)s,
—C,Br;, —C, 15, and —C,(NO,);, but embodiments of the
present disclosure are not limited thereto.

In Formula 2, ¢l indicates the number of E, moieties, and
c2 indicates the number of E, moieties. c1 may be an integer
selected from O to 3, ¢2 may be an integer selected from 0
to 4, and the sum of ¢l and ¢2 may be 1 or greater. When
cl is 2 or greater, each E, moiety may independently be
selected from the earlier described groups. When ¢2 is 2 or
greater, each E, moiety may independently be selected from
the earlier described groups.

In some embodiments, in Formula 2, X may be B(E;)),
and

the sum of ¢l and c2 may be 4 or greater.

In some embodiments, in Formula 2, X may be B(E;,),

cl may be 2, and c2 may be 2, but embodiments of the
present disclosure are not limited thereto.

In Formula 2, Ry, R, and R, may each independently be
selected from hydrogen, deuterium, a hydroxyl group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a substituted or unsubstituted C,-C,,, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group,
a substituted or unsubstituted C,-C, alkynyl group, a sub-
stituted or unsubstituted C,-Cg, alkoxy group, a substituted
or unsubstituted C,-C,, cycloalkyl group, a substituted or
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unsubstituted C,-C,,, heterocycloalkyl group, a substituted
or unsubstituted C;-C |, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-Cq, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic condensed

heteropolycyclic group, —N(Q;)(Q,), —Si(Q3)(Q4)(Qs),
and —B(Q4)(Q,).

Q, to Q, may be the same as described herein in connec-
tion with Q,,.

InFormula 2, R, R,, and R, may each independently be
selected from hydrogen, deuterium, a hydroxyl group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a C,-C,, alkyl group, and 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 triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl 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 triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, a thiophenyl group, a furanyl group,
an imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a benzimidazolyl
group, a benzofuranyl group, a benzothiophenyl group, an
isobenzothiazolyl group, a benzoxazolyl group, an isoben-
zoxazolyl group, an oxadiazolyl group, a triazinyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, an imi-
dazopyridinyl group, and an imidazopyrimidinyl group,
each substituted with at least one selected from deuterium,
a hydroxyl group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, 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 triphenylenyl group, a pyrenyl group,
a chrysenyl group, a pyrrolyl group, a thiophenyl group, a
furanyl group, an imidazolyl group. a pyrazolyl group, a
thiazolyl group, an isothiazolyl group, an oxazolyl group, an
isoxazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinolinyl group, a benzoquinolinyl group, a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, a
benzimidazolyl group, a benzofuranyl group, a benzothio-
phenyl group, an isobenzothiazolyl group, a benzoxazolyl
group, an isobenzoxazolyl group, an oxadiazolyl group, a
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triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, an imidazopyridinyl group, an imidazopyrimidi-
nyl group, and —8i(Q33)(Q34)(Qs5), wherein Qs; to Q55
may be the same as described earlier herein.

In some embodiments, in Formula 2, R |, R, and R,; may 3

each independently be selected from:

hydrogen, deuterium, a hydroxyl group, an amino group,
an amidino group, a hydrazine group, a hydrazone group, a
C,-C,, alkyl group, and a C,-C,, alkoxy group;

a phenyl group and a naphthyl group; and

a phenyl group and a naphthyl group, each substituted
with at least one selected from deuterium, a hydroxyl group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, and a naphthyl group.

In some embodiments, in Formula 2, R, and R, may be
hydrogen.

In Formula 2, b1 indicates the number of R | moieties, and
b2 indicates the number of R, moieties. b1 may be an integer
selected from 0 to 3, and b2 may be an integer selected from
0to 4.

In some embodiments, in Formula 2, bl and b2 may be 0,
but embodiments of the present disclosure are not limited
thereto.

In Formula 1, A, may be further represented by Formula
2A:

Formula 2A

In Formula 2A, X, L, and al may be the same as
described earlier herein, E,, and E,, may be the same as
described earlier herein in connection with E,, E,, and E,,
may be the same as described earlier herein in connection
with E,, R, , may be the same as described earlier herein in
connection with R, and R,, and R,, may be the same as
described earlier herein in connection with R,.

In some embodiments, in Formula 2A, X may be B(E,,),

al may be 0, and

R,., R,,, and R,, may be hydrogen.

In Formula 1, A, may be further represented by Formula
2A(1):

Formula 2A(1)
Ela

*
O X Bz
. Q

Ezp

In Formula 2A(1), X, E,,, E,, E,,, and E,, may be the
same as defined earlier herein.
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In some embodiments, in Formula 2A(1), X may be
B(E;)).

According to an embodiment of the present disclosure,
the dibenzoborole-based compound may be represented by
one selected from Formulae 1-1 to 1-7:

1-1
Azg

1-2
o)ko

Ay Agp
1-3

Asg \Q/ Ayq

Az Ay
1-4
Z31a
Azq ‘ Azg
2315 O 2314
Agp Az
Z31c
1-5
Az Z31a
Z314 Ay
Ay Z3)c
L3y Ay
1-6
2310 Ay Z314

1-7

Ay,

3

In Formulae 1-1 to 1-7, A,, to A, may be the same as
described herein in connection with A,, 7, , to Z5, , may be
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the same as described herein in connection with Z,,, and In some embodiments, the dibenzoborole-based com-
Z,,, to Z;,. may be the same as described herein in con-  pound may be further represented by one selected from
nection with Z,. Formulae 1-1(1) to 1-7(1):
Formula 1-1(1)
(Ede
/ / —\\/ R
A\
Xa
X
| TR
Y
(Ee1
NN
(Esles | (Es)es
7 \/\ X
(A J \\/<E6>56,
Rs)es —
Re)ns

Formula 1-2(1)

Y- (E3)es
Xp
P
|
T\ (E4)C45
%/’
Ra)p2 (Ra)pa
Formula 1-3(1)
(E2)e2 Edea

(Ba)eas
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-continued
Formula 1-4(1)

(E2)ez Am

7 DB,

o

Re)es (Re)es

Formula 1-5(1)

Ee)eon g Rs)ps
< \ X, R\

Re)ps =
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-continued
(E2)e2
Ra)iz2 \//——’\\\/
i/

(Ralpa
N
1 N
(E4)C4T

AN R

20

Formula 1-6(1)

(Ber2

(Ri2)s12

/

1L10)510

Formula 1-7(1)

RiJor /R
\
Xa
(Eer
7324
(/E4)c4 x, G (E7e7 x, \
= \ B N (Eg)eg
N\ / j/
(R4)b4/\ / /\’ / __\,

Ra)es

In Formulae 1-1(1) to 1-7(1),

E, E,,Cl,c2,R|,R,,bl,b2,Z;, ,t0Z;, ,and Z,, 10 Z,.
may be the same as described earlier herein,

E,, B, E,, E,, and E;; may be the same as described
herein in connection with E,,

E,, B, B, E|o, and E;, may be the same as described
herein in connection with E,,

c3, c5, ¢7, ¢9, and c11 may be the same as described
herein in connection with ¢l,

c4, c6, c8, cl0, and c12 may be the same as described
herein in connection with ¢2,

R;, Rs, R4, Ry, and R, may be the same as described
herein in connection with R,

R., Ry, Ry, Ry, and R, may be the same as described
herein in connection with R,
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b3, b5, b7, b9, and b1l may be the same as described
herein in connection with b1,

b4, b6, b8, b10, and b12 may be the same as described
herein in connection with b2,

X, may be selected from B(E;, ) and B(R;,,),
X, may be selected from B(E;,,) and B(R;,,),
X, may be selected from B(E;,) and B(R;,,),
X, may be selected from B(E;, ;) and B(R;,,),
X, may be selected from B(E;,,) and B(R;,,),
X, may be selected from B(E;, ) and BR;, ),

E;,, to E;), may be the same as described herein in
connection with E; ), and R;,, to R;, - may be the same as
described herein in connection with R5;.
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In some embodiments, in Formulae 1-1(1) to 1-7(1), In some embodiments, the dibenzoborole-based com-
X, may be B(E;,,), X, may be B(E,,,), X, may be
B(E;,,), X, may be B(E;, /), X, may be B(E;,,), and X, may
be B(E; ). Formulae 1-1(1)1 to 1-7(1)1:

pound may be further represented by one selected from

Formula 1-1(1)1
Eap

B
Ea™

Eia Eyp

Formula 1-2(1)1

Formula 1-3(1)1

Eap,
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-continued
Formula 1-4(1)1

Eza Es4q
E31q Espp
\

B

Formula 1-5(1)1
Eap
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-continued
Formula 1-6(1)1

Eazp

Ep2p

E1os,

Formula 1-7(1)1

60
In Formulae 1-1(1)1 to 1-7(1)1, E;,, to B, , may be the same as described herein in

E o Eips Exg Bsps Esg Esy Eoo Egp Eo i Eop By and connection with Es,.

E,,, may be the same as described herein in connection with

E;
: In some embodiments, the dibenzoborole-based com-
Es Bap Bags Bags Bos Bop Bss Bgps Eiggs E g Byagoand. 65 ’

E, ,, may be the same as described herein in connection with ~ pound may be selected from Compounds 1 to 7, but embodi-

E,; and ments of the present disclosure are not limited thereto:
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NC

Ne—B

NC CN
CN oN
/
B CN,

CN

Compound 1

Compound 2

Compound 3
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Compound 4

CN NC
NC

Compound 5
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-continued

A, represented by Formula 2 may include a dibenzoborole
structure having an electron withdrawing group.

FIG. 2 is a series of images comparing the highest
occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) molecular orbital distributions
(e.g., electron density probabilities) of a dibenzoborole
(where the ring-form ing heteroatom is boron (B)) with
those of a carbazole (where the ring-forming heteroatom is
nitrogen (N)).

60

65
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Compound 6

Compound 7

Referring to FIG. 2, the B atom in the dibenzoborole may
have a small orbital distribution area of the highest occupied
molecular orbital (HOMO) (e.g., the B atom contributes a
small amount of electron density to the HOMO), and a large
orbital distribution area of the lowest unoccupied molecular
orbital (LUMO) (e.g., the B atom contributes a large amount
of electron density to the LUMO). This suggests that the
dibenzoborole B atom may have strong electron acceptor
characteristics. In contrast, the N atom in the carbazole may
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have a large orbital distribution area of HOMO, and a small
orbital distribution area of LUMO (e.g., the N atom con-
tributes a large amount of electron density to the HOMO and
a small amount to the HOMO). This suggests that the
carbazole N atom may have electron donor characteristics.
Accordingly, it was found that dibenzoborole, which is an
example of A, represented by Formula 2, has good electron
acceptor characteristics compared to carbazole.

In some embodiments, simulated using the Vienna ab
initio simulation package (VASP), the difference in electron
affinity between a dibenzoborole and a carbazole may be
about 1.5 eV.

For a dibenzoborole to have more (e.g., stronger) electron
acceptor characteristics, a dibenzoborole may be symmetri-
cally substituted with an electron withdrawing group, for
example, a cyano group (—CN), in which the electron
withdrawing group is positioned where the LUMO orhital
distribution area in the molecular orbital distribution of the
dibenzoborole is large (e.g., in regions of high electron
density).

In some embodiments, electron withdrawing group hav-
ing a carbon atom, (e.g., —CN, —CF,, —CCl,, —C,Cl;,
and —C,(CN),), may form a carbon-carbon bond with the
dibenzoborole, granting a high binding energy (e.g., forming
a strong bond) with a dibenzoborole-based compound.

Therefore, the dibenzoborole-based compound repre-
sented by Formula 1 according to an embodiment of the
present disclosure may have a structure in which an A,
including a strong electron withdrawing group is substituted
(e.g., coupled) to an A; core having strong electron acceptor
characteristics, and may thereby have a high electron affinity
value.

The dibenzoborole-based compound represented by For-
mula 1 may have an electron affinity of about 4.5 eV to about
5.0 ¢V, and in some examples, about 4.6 eV to about 4.95 eV.
When the electron affinity of the dibenzoborole-based com-
pound represented by Formula 1 is within these ranges, the
hole injection barrier at the interface between an anode and
an organic layer may be reduced, and thus, an organic
light-emitting device including the dibenzoborole-based
compound may have high efficiency and a long lifespan.

The dibenzoborole-based compound represented by For-
mula 1 may be used in a pair of electrodes in an organic
light-emitting device. For example, the dibenzoborole-based
compound may be included in a hole transport region, and
for example, in a hole transport layer. Accordingly, an
organic light-emitting device may include: a first electrode;
a second electrode facing the first electrode; and an organic
layer between the first electrode and the second electrode
and including an emission layer, wherein the organic layer
may include the dibenzoborole-based compound repre-
sented by Formula 1.

As used herein, the expression “the (organic layer)
includes at least one dibenzoborole-based compound” may
refer to “the (organic layer) may include one dibenzoborole-
based compound represented by Formula 1 or two different
dibenzoborole-based compounds represented by Formula
17.

For example, the organic layer may include only Com-
pound 1 as the dibenzoborole-based compound. In this
regard, Compound 1 may be included in the hole transport
layer of the organic light-emitting device. In some embodi-
ments, the organic layer may include Compound 1 and
Compound 2 as the dibenzoborole-based compounds. In this
regard, Compound 1 and Compound 2 may be present in the
same layer (for example, both Compound 1 and Compound
2 may be sitvated in a hole transport layer), and/or in
different layers (for example, Compound 1 may be present
in a hole transport layer and Compound 2 may be present in
a hole injection layer).
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The organic layer may include i) a hole transport region
between the first electrode (anode) and the emission layer
that includes at least one selected from a hole injection layer,
a hole transport layer, a buffer layer, and an electron block-
ing layer, and ii) an electron transport region between the
emission layer and the second electrode (cathode) that
includes at least one selected from a hole blocking layer, an
electron transport layer, and an electron injection layer. The
hole transport layer may include the dibenzoborole-based
compound represented by Formula 1.

As used herein, the term “organic layer” may refer to a
single layer and/or a plurality of layers between the first
electrode and the second electrode in an organic light-
emitting device. A material included in the “organic layer”
may include other materials besides an organic material.

FIG. 1 illustrates a schematic view of an organic light-
emitting device 10 according to an embodiment of the
present disclosure. The organic light-emitting device 10 may
include a first electrode 110, an organic layer 150, and a
second electrode 190.

Hereinafter, a structure and a method of manufacturing an
organic light-emitting device according to an embodiment of
the present disclosure will be described with reference to
FIG. 1.

Referring to FIG. 1, a substrate may be under the first
electrode 110 or on the second electrode 190. The substrate
may be a glass substrate and/or a transparent plastic sub-
strate, each with excellent mechanical strength, thermal
stability, transparency, surface smoothness, ease of han-
dling, and/or water resistance.

The first electrode 110 may be formed by depositing
and/or sputtering a material for forming the first electrode
110 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 that
facilitate hole injection. The first electrode 110 may be a
reflective electrode, a semi-transmissive electrode, and/or a
transmissive electrode. The material for the first electrode
110 may be a transparent and highly conductive material.
Non-limiting examples of such a material may include
indium tin oxide (ITO), indium zinc oxide (IZ0), tin oxide
(Sn0,), and/or zinc oxide (ZnO). When the first electrode
110 is a semi-transmissive electrode or a reflective electrode,
as a material for forming the first electrode 110, at least one
selected from magnesium (Mg), aluminum (Al), aluminum-
lithium (Al—L1), calcium (Ca), magnesium-indium (Mg—
In), and magnesium-silver (Mg—Ag) may be used.

The first electrode 110 may have a single-layer structure,
and/or a multi-layer structure including a plurality of layers.
For example, the first electrode 110 may have a triple-layer
structure of ITO/Ag/ITO, but embodiments of the present
disclosure are not limited thereto.

The organic layer 150 may be 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 between the first electrode 110 and the emission layer
and/or an electron transport region between the emission
layer and the second electrode 190.

The hole transport region may include at least one
selected from a hole injection layer, a hole transport layer, a
buffer layer, and an electron blocking layer, and the electron
transport region may include at least one selected from a
hole blocking layer, an electron transport layer, and an
electron injection layer, but embodiments of the present
disclosure are not limited thereto.

The hole transport region may have a single-layered
structure including a single material, a single-layered struc-
ture including a plurality of different materials, and/or a
multi-layered structure having a plurality of layers including
a plurality of different materials.
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For example, the hole transport region may have a single-
layered structure formed of a plurality of different materials,
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, and/or a struc-
ture of hole injection layer/hole transport layer/electron
blocking layer, wherein layers of each structure are sequen-
tially stacked from the first electrode 110 in the stated order,
but embodiments of the present disclosure are not limited
thereto.

When the hole transport region includes a hole injection
layer, the hole injection layer may be formed on the first
electrode 110 using one or more suitable methods, such as
vacuum deposition, spin coating, casting, a Langmuir-
Blodgett (LB) method, ink-jet printing, laser printing, and/or
LITL.

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

Any suitable hole injection material may be used, for
example, DNTPD (N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-
tolyl-amino)-phenyl]-biphenyl-4,4'-diamine), a phthalocya-
nine compound such as copper phthalocyanine, m-MT-
DATA [4,4'4"-tris (3-methylphenylphenylamino)
triphenylamine], NPB (N,N'-di(1-naphthyl)-N,N'-diphenyl-
benzidine)), TDATA, 2-TNATA, PANI/DBSA (polyaniline/
dodecylbenzenesulfonic acid), PEDOT/PSS (poly(3.4-eth-
ylenedioxythiophene)/Poly(4-styrenesulfonate)), PANY/
CSA (polyaniline/camphor sulfonic acid), or PANI/PSS
(polyaniline/poly(4-styrenesulfonate)), but embodiments of
the present disclosure are not limited thereto:
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In some embodiments, the hole injection layer may
include the dibenzoborole-based compound represented by
Formula 1, but embodiments of the present disclosure are
not limited thereto.

The hole transport layer may be formed on the first
electrode 110 or on the hole injection layer using one or
more suitable methods, such as vacuum deposition, spin
coating, casting, an LB method, ink-jet printing, laser-
printing, and/or LITI. When the hole transport layer is
formed by vacuum deposition and/or spin coating, the
vacuum deposition and coating conditions may be similar to
the vacuum deposition and coating conditions used to form
the hole injection layer.

The hole transport layer may include the dibenzoborole-
based compound represented by Formula 1.

In some embodiments, the dibenzoborole-based com-
pound represented by Formula 1 may be a p-dopant.

The hole transport layer may include a matrix material as
well as the dibenzoborole-based compound represented by
Formula 1.
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The matrix material may be at least one selected from _continued
m-MTDATA, TDATA, 2-TNATA, NPB, §-NPB, TPD, a
spiro-TPD, a spiro-NPB, methylated NPB, TAPC, HMTPD,
44" 4"-tris(N-carbazolyDtriphenylamine (TCTA), polyani- 5

line/dodecylbenzenesulfonic acid (PANI/DBSA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PE-
DOT/PSS), polyaniline/camphor sulfonic acid (PANI/CSA),

@N

(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS), a com- 10
pound represented by Formula 201 below, and a compound

represented by Formula 202 below:
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Formula 201
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Formula 202

Ra0——T201)xat (Loos)ear—Ro03
/

N— (Lzos)xas_N\

Rony— Lo )sa2 (L204)xa4 — Roa-

In Formulae 201 and 202,

Lsg, 10 Lags may be the same as described herein in
connection with L;

xal to xa4 may each independently be an integer selected
from 0, 1, 2, and 3; and

xa5 may be selected from 1, 2, 3, 4, and 5, and

R,0; 10 Ryo, may each independently be selected from a
substituted or unsubstituted C,-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group, a
substituted or unsubstituted C,-C,, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group.

In some embodiments, in Formulae 201 and 202,

L, to Lo, may each independently be 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
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 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 selected from deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an am idino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 isoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a carbazolyl group, and a
triazinyl group,

xal to xa4 may each be an integer independently selected
from 0, 1, and 2,

xa5 may be selected from 1, 2, and 3,

R,q; 10 Ryo4 may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
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a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, an azulenyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl 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, but embodiments of the present
disclosure are not limited thereto.

The compound represented by Formula 201 may be
further represented by Formula 201A:

Formula 201A

RaizRota

X

Loo2lra2—y
T L2010 N,
\

(L203):a3—Ra03

Ry
/\(zm

—_—

In some embodiments, the compound represented by
Formula 201 may be further represented by Formula 201 A-
1, but embodiments of the present disclosure are not limited
thereto:

Formula 201A-1

(L203)za3—Ra03-

In some embodiments, the compound represented by
Formula 202 may be further represented by Formula 202A,
but embodiments of the present disclosure are not limited
thereto:
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Formula 202A
R2 11 RZIZ
N N
e N
R215—\ \ I R
Al \
Raoz \/ ws Ry

In Formulae 2014, 201 A-1, and 202A, L, to L,q;, xal
to xa3, xa5, and R,,, to R,,, may be the same as defined
earlier herein, R,;; and R,,, may each independently be the
same as defined herein in connection with R,;, and R, to
R,,¢ may each independently be selected from hydrogen,
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl group,
a C,-Cg, alkenyl group, a C,-Cgq alkynyl group, a C,-Cy,
alkoxy group, a C5-C,, cycloalkyl group, a C,-C, , hetero-
cycloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a C4-Cgy
aryloxy group, a C4-C,,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group.

In some embodiments, in Formulae 201A, 201A-1, and
202A,

Lo, to Lygs may each independently 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, 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 selected from 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 group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a biphenyl group, a terphenyl group, a naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 carbazolyl group, and a triazinyl group,

xal to xa3 may each independently be selected from 0 and
ls

R,02 10 Ryos, Ry, and R, |, may each independently be
selected from:
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a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl 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
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl 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 pyreny! 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,

R,,; and R, ,, may each independently 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 selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl 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 biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a
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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 carbazolyl group, and a triazinyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group. an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
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,
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 carbazolyl group, and a triazinyl group,

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

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

a C,-C,, alkyl group and a C,-C,, alkoxy group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl 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 biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 carbazolyl group, and a triazinyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
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acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
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,
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 carbazolyl group, and a triazinyl group, and
xa5 may be selected from 1 and 2.

In Formulae 201A and 201A-1, R,,5 and R,,, may be
bound (e.g., coupled) to each other to form a saturated ring
or an unsaturated ring.

The compound represented by Formula 201 and the
compound represented by Formula 202 may include Com-
pounds HT1 to HT20 and HT21, but embodiments of the
present disclosure are not limited thereto:
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The dibenzoborole-based compound may be homoge-
neously or non-homogeneously dispersed throughout the
hole transport layer.

The amount of the dibenzoborole-based compound in the
hole transport layer may be, based on about 100 parts by
weight of the matrix material, about 0.5 part by weight to
about 2 parts by weight, and in some embodiments, about
0.6 part by weight to about 1.2 parts by weight. When the
amount of the dibenzoborole-based compound is within
these ranges, the hole injection barrier may be low.

In some embodiments, the molar ratio of the dibenzo-
borole-based compound to the matrix material in the hole
transport layer may be, for example, about 0.01 to about
0.05:about 1

0.01-0.05
e.g., i .

When the amount of the dibenzoborole-based compound is
within these ranges, the hole injection barrier may be low.

The thickness of the hole transport region may be about
100 A to about 10,000 A, and in some embodiments, about
100 A to about 1,000 A. When the hole transport region
includes a hole injection layer and a hole transport layer, the
thickness of the hole injection layer may be about 100 A to
about 10,000 A, and in some embodiments, about 100 A to
about 1,000 A. The thickness of the hole transport layer may
be about 50 A to about 2,000 A, and in some embodiments,
about 100 A to about 1,500 A. When the thicknesses of the
hole transport region, the hole injection layer, and the hole
transport layer are within these ranges, excellent hole trans-
port characteristics may be obtained without a substantial
increase in driving voltage.

The hole transport region may include not only the
dibenzoborole-based compound represented by Formula 1,
but also quinone derivatives, such as tetracyanoquinonedi-
methane (TCNQ) and/or 2,3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4-TCNQ); metal oxides, such as
a tungsten oxide and/or a molybdenum oxide; and Com-
pound HT-D1, but embodiments of the present disclosure
are not limited thereto.

Compound HT-D1
CN
NC
B
N, N CN
I
.
NN N CN

N
NC/%/
CN

F F
CN CN
CN CN.
F F
F4-TCNQ
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The hole transport region may further include, in addition
to the hole injection layer and the hole transport layer, at
least one selected from a buffer layer and an electron
blocking layer. Since the buffer layer may compensate for an
optical resonance distance according to a wavelength of
light emitted from the emission layer (e.g., be used to adjust
the optical resonance distance to match the wavelength of
light emitted from the emission layer), the light-emission
efficiency of the resulting organic light-emitting device may
be improved. Materials included in the hole transport region
may be used as a material included in the buffer layer. In
some embodiments, the electron blocking layer prevents or
reduces injection of electrons from the electron transport
region. The buffer layer and/or the electron blocking layer
may include the dibenzoborole-based compound repre-
sented by Formula 1.

An emission layer may be formed on the first electrode
110 or on the hole transport region using one or niore
suitable methods, such as vacuum deposition, spin coating,
casting, an LB method, ink-jet printing, laser printing,
and/or LITI. When the emission layer is formed by vacuum
deposition or spin coating, the deposition and coating con-
ditions for the emission layer may be similar to the depo-
sition and coating conditions 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,
and/or a blue emission layer, according to a sub-pixel. In
some embodiments, the emission layer may have a stacked
structure of a red emission layer, a green emission layer, and
a blue emission layer, and/or may include a red-light emis-
sion 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 the dibenzoborole-based
compound represented by Formula 1.

The emission layer may include a host and a dopant.

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

z,

TPBi
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In some embodiments, the host may further include a

compound represented by Formula 301:
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In Formula 301,

Ary,, may be selected from:

a naphthalene, a heptalene, a fluorene, 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 fluorene, 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 selected from deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-C,
cycloalkyl group, a C, -C, , heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Ce-Cyp aryl group, a C-Cy, aryloxy group, a C¢-Cy, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl group,
a terphenyl group, and —Si(Q30;)(Q302)(Q03), Wherein
Qyo; to Q503 may each independently be selected from
hydrogen, a C,-C, alkyl group, a C,-C,, alkenyl group, a
C¢Cg, aryl group, and a C,-Cg, heteroaryl group,

Lo, may be the same as defined herein in connection with
Ly

R;o; 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 selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl 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 biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl 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 carbazole group, and a triazinyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
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pyrimidinyl group, a pyridaziny!l group, a quinolinyl group,
an isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl
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,
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 carbazolyl group, and a triazinyl group,

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

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

In some embodiments, 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
selected from deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C;-Cyy alkyl group, a C;-C,, alkoxy group, a phenyl
group, a biphenyl group, a terphenyl 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, and a chry-
senyl group,

R4, 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 selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a benzofluorenyl group, a
dibenzofluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a pyrenyl group, and a chrysenyl group;

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, and a
chrysenyl group; and

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, and a
chrysenyl group, each substituted with at least one selected
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from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an am idino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl 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 embodiments of the present disclosure are not limited
thereto.
In some embodiments, the host may include a compound
represented by Formula 301A:

Formula 301A

/\

\
\

/
/

[(L3on)esr—R3o01]ez2-

The descriptions for Formula 301A (e.g., for the substitu-
ents and subscripts in Formula 301A) may be the same as
described earlier herein.

The compound represented by Formula 301 may include
at least one compound selected from Compounds H1 to H42,
but embodiments of the present disclosure are not limited
thereto:
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In some embodiments, the host may include at least one 45
selected from Compounds H43 to H49, but embodiments of
the present disclosure are not limited thereto:
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The dopant may include at least one selected from a
fluorescent dopant and a phosphorescent dopant.

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

Formula 401

_____

NN
M—(LaoDze2-
% (Laon).

In Formula 401,

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

X401 to X,0, may each independently be selected from
nitrogen and carbon;
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the A,,, and A,,, rings may each independently be
selected from a substituted or unsubstituted benzene, a
substituted or unsubstituted naphthalene, a substituted or
unsubstituted fluorene, a substituted or unsubstituted spiro-
fluorene, a substituted or unsubstituted indene, a substituted
or unsubstituted pyrrole, a substituted or unsubstituted thio-
phene, a substituted or unsubstituted furan, a substituted or
unsubstituted imidazole, a substituted or unsubstituted pyra-
zole, a substituted or unsubstituted thiazole, a substituted or
unsubstituted isothiazole, a substituted or unsubstituted
oxazole, a substituted or unsubstituted isoxazole, a substi-
tuted or unsubstituted pyridine, a substituted or unsubsti-
tuted pyrazine, a substituted or unsubstituted pyrimidine, a
substituted or unsubstituted pyridazine, a substituted or
unsubstituted quinoline, a substituted or unsubstituted iso-
quinoline, a substituted or unsubstituted benzoquinoline, a
substituted or unsubstituted quinoxaline, a substituted or
unsubstituted quinazoline, a substituted or unsubstituted
carbazole, a substituted or unsubstituted benzimidazole, a
substituted or unsubstituted benzofuran, a substituted or
unsubstituted benzothiophene, a substituted or unsubstituted
isobenzothiophene, a substituted or unsubstituted benzox-
azole, a substituted or unsubstituted isobenzoxazole, a sub-
stituted or unsubstituted triazole, a substituted or unsubsti-
tuted oxadiazole, a substituted or unsubstituted triazine, a
substituted or unsubstituted dibenzofuran, and a substituted
or unsubstituted dibenzothiophene;

at least one substituent of the substituted benzene, sub-
stituted naphthalene, substituted fluorene, substituted spiro-
fluorene, substituted indene, substituted pyrrole, substituted
thiophene, substituted furan, substituted imidazole, substi-
tuted pyrazole, substituted thiazole, substituted isothiazole,
substituted oxazole, substituted isoxazole, substituted pyri-
dine, substituted pyrazine, substituted pyrimidine, substi-
tuted pyridazine, substituted quinoline, substituted isoqui-
noline, substituted benzoquinoline, substituted quinoxaline,
substituted quinazoline, substituted carbazole, substituted
benzimidazole, substituted benzofuran, substituted benzoth-
iophene, substituted isobenzothiophene, substituted benzo-
xazole, substituted isobenzoxazole, substituted triazole, sub-
stituited oxadiazole, substituted triazine, substituted
dibenzofuran, and substituted dibenzothiophene may be
selected from:

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

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-Cg, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C;-C |, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C,-Cg, aryl group, a
Cs-Cgo aryloxy group, a C,-Cg, arylthio group, a C,-Cq,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic group, a biphenyl group, a terphenyl group,
—N(Qu01)(Qu02)s —S1(Qa403)(Q404)(Qu05)> and —B(Qq06)

(Quo7);
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a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a Cy-Cg, aryloxy
group, a C4-Cg, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, a biphenyl group, and a terphenyl 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 C4-Cq, aryloxy
group, a C-Cg, arylthio group, a C,-Cq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, a biphenyl group, and a terphenyl group, each sub-
stituted with at least one selected from deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-Cq,
alkenyl group, a C,-C, alkynyl group, a C,-C, alkoxy
group, a C;-C |, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, a biphenyl group, a terphenyl group, —N(Q,,;)
(Qar2), —S1(Qu13)(Qu14)(Qay5) and —B(Quy6)(Quy7). and

—N(Qu21)(Qs22): —S1(Q423)(Qa24)(Qu25): and
7B(Q426)(Q427)5

L,,, may be an organic ligand,

xc1 may be selected from 1, 2, and 3; and

xc2 may be selected from 0, 1, 2, and 3.

L,o; may be any suitable monovalent, divalent, or triva-
lent organic ligand. For example, L,,, may be selected from
a halogen ligand (e.g., Cl and/or F), a diketone ligand (e.g.,
acetylacetonate, 1,3-diphenyl-1,3-propanedionate, 2,2.6,6-
tetramethyl-3,5-heptanedionate, and/or hexafluoroaceto-
nate), a carboxylic acid ligand (e.g., picolinate, dimethyl-3-
pyrazolecarboxylate, and/or benzoate), a carbon monoxide
ligand, an isonitrile ligand, a cyano ligand, and a phospho-
rous ligand (e.g., phosphine and/or phosphite), but embodi-
ments of the present disclosure are not limited thereto.

When A,,, in Formula 401 includes a plurality of sub-
stituents, the plurality of substituents of A, may bind (e.g.,
couple) to each other to form a saturated or unsaturated ring.

When A,,, in Formula 401 includes a plurality of sub-
stituents, the plurality of substituents of A ,,, may bind (e.g.,
couple) to each other to form a saturated or unsaturated ring.

When xcl in Formula 401 is 2 or greater, a plurality of
ligands

in Formula 401 may be identical to or different from each
other. In Formula 401, when xcl is 2 or greater, A,,, and
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A,y may be directly connected or connected via a linking
group (for example, a C,-C; alkylene group, —N(R")—
(where R'is a C,-C, , alkyl group or a C4-C,, aryl group), or
—C(=0)—) to another adjacent ligand of A,,, and A,,,,
respectively.

The phosphorescent dopant may include at least one
selected from Compounds PD1 to PD74, but embodiments
of the present disclosure are not limited thereto.
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In some embodiments, the phosphorescent dopant may
30 include PtOEP:

35

PD72

45

PtOEP

5o The fluorescent dopant may include at least one selected
from DPVBIi, DPAVBIi, TBPe, DCM, DCITB, Coumarin 6,
and C545T.

DPVBI
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In some embodiments, the fluorescent dopant may include
a compound represented by Formula 501:

Formula 501
(Lsonxai—Rso1

Arso—T (Lspzhaz—N

Loz —Rs02
xd4.

In Formula 501,

Ar,,; may be selected from a naphthalene, a heptalene, a
fluorene, a spiro-fluorene, a benzofluorene, a dibenzofluo-
rene, a phenalene, a phenanthrene, an anthracene, a fluo-
ranthene, a triphenylene, a pyrene, a chrysene, a naph-
thacene, a picene, a perylene, a pentaphene, and an
indenoanthracene; and

a naphthalene, a heptalene, a fluorene, 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

45
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C545T

at least one selected from deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-C,, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-Cy
cycloalkyl group, a C, -C, , heterocycloalkyl group, a C5-C,
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cyp aryl group, a C,-Cy, aryloxy group, a C4-Cy, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl group,
a terphenyl group, and —Si(Qsp; )(Qs02)(Qsps), Wherein
Qso; to Q53 may be each independently selected from
hydrogen, a C,-C, alkyl group, a C,-Cq, alkenyl group, a
C¢Cyo aryl group, and a C,-Cg, heteroaryl group,

Lso, to Lso; may be the same as described herein in
connection with L, ;

Rs; and Ry, may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
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threnyl 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 isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazole group, a triazinyl group, a dibenzofuranyl
group, and a dibenzothiophenyl 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, a
triazinyl group, a dibenzofuranyl group, and a dibenzothio-
phenyl group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a
biphenyl group, a terphenyl 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, 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, a triazinyl group, a dibenzofuranyl group, and
a dibenzothiophenyl group,

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

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

The amount of the dopant in the emission layer may be,
in general, about 0.01 to about 15 parts by weight based on
100 parts by weight of the host, but embodiments of the
present disclosure are not limited thereto.

The thickness of the emission layer may be about 100 A
to about 1000 A, and in some embodiments, about 200 A to
about 600 A, When the thickness of the emission layer is
within this range, excellent light-emission characteristics
may be achieved without a substantial increase in driving
voltage.

An electron transport region may be on the emission layer.

The electron transport region may include at least one
selected from a hole blocking layer, an electron transport
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the present disclosure are not limited thereto.

In some embodiments, the electron transport region may
have a structure of electron transport layer/electron injection
layer and/or a structure of hole blocking layer/electron

transport layer/electron injection layer, wherein layers of 50

each structure are sequentially stacked from the emission
layer in the stated order, but embodiments of the present
disclosure are not limited thereto.

In some embodiments, the organic layer 150 of the
organic light-emitting device includes an electron transport
region between the emission layer and the second electrode
190.

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
or reduce diffusion of excitons and/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 using one or more suitable methods, such as
vacuum deposition, spin coating, casting, an LB method,
ink-jet printing, laser printing, and/or LITI. When the hole
blocking layer is formed by vacuum deposition and/or spin
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coating, the deposition and coating conditions for the hole
blocking layer may be similar to the deposition and coating
conditions used for the hole injection layer.

The hole blocking layer may include, for example, at least
one selected from BCP and Bphen, but embodiments of the
present disclosure are not limited thereto:

BCP

The thickness of the hole blocking layer may be about 20
A to about 1000 A, and in some embodiments, about 30 A
to about 300 A. When the thickness of the hole blocking
layer is within this range, excellent hole blocking charac-
teristics may be achieved 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 and/or on the hole blocking layer using
one or more suitable methods, such as vacuum deposition,
spin coating, casting, an LB method, ink-jet printing, laser
printing, and/or LITI. When the electron transport layer is
formed using vacuum deposition and/or spin coating, the
vacuum deposition and coating conditions for the electron
transport layer may be similar to the vacuum deposition and
coating conditions used for the hole injection layer.

In some embodiments, the organic layer 150 of the
organic light-emitting device includes an electron transport
region positioned between the emission layer and the second
electrode 190. The electron transport region may include at
least one selected from an electron transport layer and an
electron injection layer, but is not limited thereto.

The electron transport layer may include at least one
selected from BCP, Bphen, Alq,, BAlg, TAZ, and NTAZ.
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-continued

BAlg
N—N

/

OO

e

NTAZ

In some embodiments, the electron transport layer may
include at least one compound selected from a compound
represented by Formula 601 and a compound represented by
Formula 602:

Areor-[Loot)xe1Eoot)xer- Formula 601

In Formula 601,

Arg,; may be selected from:

a naphthalene, a heptalene, a fluorene, 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 fluorene, 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 selected from deuterium, —F, —Cl, —Br, —I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-C, alkenyl group, a
C,-Cg 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,, heterocycloalkenyl group, a
Cs-Ceo aryl group, a C,-C, aryloxy group, a C,-Cy arylthio
group, a C,-C, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl group,

a terphenyl group, and —Si(Q;0;)(Q302)(Q303): Wherein
Q3o; to Qz0; may be each independently selected from
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hydrogen, a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a
C4Cyo aryl group, and a C-Cy, heteroaryl group,

Lo, may be the same as described herein in connection
with L,g;;

Eqo, may be selected from:

a pyrrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridiny1 group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a thiadiazolyl group, an imidazopyridinyl
group, and an imidazopyrimidinyl group; and

a pyrrolyl group, a thiophenyl group, a furanyl group, an
imidazolyl group, a pyrazolyl group, a thiazolyl group, an
isothiazolyl group, an oxazolyl group, an isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a thiadiazolyl group, an imidazopyridinyl
group, and an imidazopyrimidinyl group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an am idino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclopentenyl group, a cyclohexenyl
group, a phenyl group, a biphenyl group, a terphenyl 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 isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a phthalazinyl group, a naphthyridi-
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nyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl ET1

group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group. a benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl 3
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a l
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.,

xel may be selected from 0, 1, 2, and 3, and

xe2 may be selected from 1, 2, 3, and 4.

15
Formula 602

(Lotakes 14— Re14

X611 N X613 20

Ret6— (Leteests X612 Le15)kes 15— Ra15. -

In Formula 602, 25

X, may be selected from N and C-(Lg;;)p611-Re115 X612
may be selected from N and C-(Lg;5)..612-Re12: Xey3 may
be selected from N and C-(L;5),,615-Re;5; and at least one
selected from X;; to X453 may be N,

Le,; to Ly, may each independently be the same as 30
described herein in connection with Loy, ;

Rg,; to Rg, ¢ may each independently be selected from:

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan- 35
threnyl 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 isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group; and 40

a phenyl group, a biphenyl group, a terphenyl group, a
naphthyl group, a fluorenyl group, a spiro-fluorenyl group,
a benzofluorenyl group, a dibenzofluorenyl group, a phenan-
threnyl group, an anthracenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a 45
pyrimidinyl group, a pyridazinyl group, a quinolinyl group,
an isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group, each ET3
substituted with at least one selected from deuterium, —F, N¥
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro 350 |
group, an amino group, an amidino group, a hydrazine X
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a biphenyl group, a terphenyl 55
group, a naphthyl group, a fluorenyl group, a spiro-fluorenyl AN
group, a benzofluorenyl group, a dibenzofluorenyl group, a |
phenanthrenyl group, an anthracenyl group, a pyrenyl group, F
a chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridaziny! group, a quinolinyl group, 60
an isoquinoliny! group, a quinoxalinyl group, a quinazolinyl
group, a carbazolyl group, and a triazinyl group, and

xe611 to xe616 may each independently be selected from N
0, 1, 2, and 3.

The compound represented by Formula 601 and the 65
compound represented by Formula 602 may each indepen-
dently be selected from Compounds ET1 to ET15:

)

\

/

W

-
{



US 10,236,453 B2
95 96

-continued -continued
ET4 ET7

@ 4 \
98 OC

[

ET8

ET9

45 ‘

\
e

50
ET6

\

O
@
\_/
\_/

-0
S

=N
<

¢
<\_>\/
bt

65

d



US 10,236,453 B2
97 98

-continued -continued
ET10 ET13

ET14

ET11 \N

/

ET15

40

ET12 50 AN

NS

5 The thickness of the electron transport layer may be about
100 A to about 1000 A, and in some embodiments, about
150 A to about 500 A. When the thickness of the electron
transport layer is within this range, excellent electron trans-
port characteristics may be obtained without a substantial
increase in driving voltage.

(v

N The electron transport layer may further include a metal-
containing material in addition to the materials described
N above.
| 65  The metal-containing material may include a Li complex.
F The Li complex may include, for example, Compound
ET-D1 (lithium quinolate or LiQ) and/or ET-D2.
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ET-D1

ET-D2

The electron transport region may include an electron
injection layer that facilitates electron injection from the
second electrode 190.

The electron injection layer may be formed on the elec-
tron transport layer using one or more suitable methods,
such as vacuum deposition, spin coating, casting, an LB
method, ink-jet printing, laser printing, and/or LITI. When
the electron injection layer is formed by vacuum deposition
or spin coating, vacuum deposition and coating conditions
for the electron injection layer may be similar to the vacuum
deposition and coating conditions for the hole injection
layer.

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

The thickness of the electron injection layer may be about
1 A to about 100 A, and in some embodiments, about 3 A
to about 90 A. When the thickness of the electron injection
layer is within this range, excellent electron injection char-
acteristics may be obtained without a substantial increase in
driving voltage.

The second electrode 190 may be on the organic layer
150. The second electrode 190 may be a cathode that is an
electron injection electrode. In this regard, a material for
forming the second electrode 190 may be a material having
a low work function, for example, a metal, an alloy, an
electrically conductive compound, and/or a mixture thereof.
Non-limiting examples of the material for forming the
second electrode 190 may include lithium (Li), magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), calcium
(Ca), magnesium-indium (Mg—In), and/or magnesium-sil-
ver (Mg—Ag). In some embodiments, the material for
forming the second electrode 190 may be ITO and/or 1Z0.
The second electrode 190 may be a reflective electrode, a
semi-transmissive electrode, and/or a transmissive elec-
trode.

Hereinbefore the organic light-emitting device has been
described with reference to FIG. 1, but embodiments of the
present disclosure are not limited thereto.

The term “C,-Cq, alkyl group”, as used herein, may refer
to a linear or branched aliphatic hydrocarbon monovalent
group having 1 to 60 carbon atoms. Non-limiting examples

10

15

20

25

35

40

45

55

60

65

100

thereof may include a methyl group, an ethyl group, a propyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, an iso-amyl group, and a hexyl group.
The term “C,-Cg, alkylene group”, as used herein, may refer
to a divalent group having substantially the same structure as
the C,-Cq, alkyl group.

The term “C,-Cg, alkoxy group”, as used herein, may
refer to a monovalent group represented by —O-A
(where A, , is a C,-C, alkyl group). Non-limiting examples
thereof may include a methoxy group, an ethoxy group, and
an isopropyloxy group.

The term “C,-Cy, alkenyl group”, as used herein, may
refer to a hydrocarbon group having at least one carbon-
carbon double bond in the body (e.g., the middle) or at the
terminus of the C,-C, alkyl group. Non-limiting examples
thereof may include an ethenyl group, a propenyl group, and
a butenyl group. The term “C,-C, alkenylene group”, as
used herein, may refer to a divalent group having substan-
tially the same structure as the C,-Cg, alkenyl group.

The term “C,-Cg, alkynyl group”, as used herein, may
refer to a hydrocarbon group having at least one carbon-
carbon triple bond in the body (e.g., the middle) or at the
terminus of the C,-C, alkyl group. Non-limiting examples
thereof may include an ethynyl group and a propynyl group.
The term “C,-Cq, alkynylene group™, as used herein, may
refer to a divalent group having the same structure as the
C,-Cyg, alkynyl group.

The term “C,-C,, cycloalkyl group”, as used herein, may
refer to a monovalent monocyclic saturated hydrocarbon
group including 3 to 10 carbon atoms. Non-limiting
examples thereof may include a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
and a cycloheptyl group. The term “C,-C,, cycloalkylene
group”, as used herein, may refer to a divalent group having
substantially the same structure as the C;-C,, cycloalkyl
group.

The term “C,-C,, heterocycloalkyl group”, as used
herein, may refer to a monovalent monocyclic group includ-
ing at least one heteroatom selected from N, O, P, and S as
aring-forming atom and 1 to 10 carbon atoms. Non-limiting
examples thereof may include a tetrahydrofuranyl group and
a tetrahydrothiophenyl group. The term “C,-C,, heterocy-
cloalkylene group”, as used herein, may refer to a divalent
group having substantially the same structure as the C,-C,,
heterocycloalkyl group.

The term “C;-C, cycloalkenyl group”, as used herein,
may refer to a monovalent monocyclic group that has 3 to 10
carbon atoms and at least one double bond in its ring, and is
not aromatic. Non-limiting examples thereof may include a
cyclopentenyl group, a cyclohexenyl group, and a cyclohep-
tenyl group. The term “C;-C,, cycloalkenylene group”, as
used herein, may refer to a divalent group having the same
structure as the C;-C, cycloalkenyl group.

The term “C,-C,, heterocycloalkenyl group”, as used
herein, may refer to a monovalent monocyclic group includ-
ing at least one heteroatom selected from N, O, P, and S as
a ring-forming atom, 1 to 10 carbon atoms, and at least one
double bond in its ring. Non-limiting examples of the C,-C,,
heterocycloalkenyl group may include a 2,3-hydrofuranyl
group and a 2,3-hydrothiophenyl group. The term “C,-C,,
heterocycloalkenylene group”, as used herein, may refer to
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a divalent group having substantially the same structure as
the C,-C, , heterocycloalkenyl group.

The term “Cg,-Cq, aryl group”, as used herein, may refer
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 carbon atoms, and the term “Cg-Cy, arylene
group”, as used herein, may refer to a divalent group having
a carbocyclic aromatic system having 6 to 60 carbon atoms.
Non-limiting examples of the C,-C,, aryl group may include
a phenyl group, a naphthyl group, an anthracenyl group, a
phenanthrenyl group, a pyrenyl group, and a chrysenyl
group. When the C,-Cy, aryl group and the C4-Cy arylene
group each include a plurality of rings, the rings may be
fused to each other.

The term “C,-Cg, heteroaryl group”, as used herein, may
refer to a monovalent group having a carbocyclic aromatic
system including at least one heteroatom selected from N, O,
P, and S as a ring-forming atom and 1 to 60 carbon atoms.
The term “C,-Cg, heteroarylene group”, as used herein, may
refer to a divalent group having a carbocyclic aromatic
system including at least one heteroatom selected from N, O,
P, and S as a ring-forming atom and 1 to 60 carbon atoms.
Non-limiting examples of the C,-Cg, heteroaryl group may
include a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinolinyl
group, and an isoquinolinyl group. When the C,-Cg, het-
eroaryl group and the C,-Cg, heteroarylene group each
include a plurality of rings, the rings may be fused to each
other.

The term “Cg-Cg, aryloxy group”, as used herein, may
refer to a group represented by —O-A |, (Where A |, is the
Cs-Cgo aryl group). The term “C,4-Cy arylthio group”, as
used herein, may refer to a group represented by —S-A, o,
(where A, 5 is the C4-Cqyy aryl group).

The term “monovalent non-aromatic condensed polycy-
clic group”, as used herein, may refer to a monovalent group
that has two or more rings condensed to each other, and has
only carbon atoms as ring-forming atoms (for example, the
number of carbon atoms may be in a range of 8 to 60),
wherein the molecular structure as a whole is non-aromatic
in the entire molecular structure (e.g., the entire group is not
aromatic). A non-limiting example of the monovalent non-
aromatic condensed polycyclic group is a fluorenyl group.
The term “divalent non-aromatic condensed polycyclic
group”, as used herein, may refer to a divalent group having
substantially the same structure as the monovalent non-
aromatic condensed polycyclic group.

The term “monovalent non-aromatic condensed heteropo-
lycyclic group”, as used herein, may refer to a monovalent
group that has two or more rings condensed to each other,
and has a heteroatom selected from N, O P, and S, other than
carbon atoms (for example, the number of carbon atoms may
be in a range of 1 to 60), as ring-forming atoms, wherein the
molecular structure as a whole is non-aromatic in the entire
molecular structure (e.g., the entire group is not aromatic).
A non-limiting example of a monovalent non-aromatic con-
densed heteropolycyclic group may include a carbazolyl
group. The term “divalent non-aromatic condensed hetero-
polycyclic group™, as used herein, may refer to a divalent
group having substantially the same structure as the mon-
ovalent non-aromatic condensed hetero-polycyclic group.
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Throughout the specification, at least one of the substitu-
ents of the substituted triazine, substituted vinylene carbon-
ate, substituted thiophene, substituted azulene, substituted
naphthalene, substituted anthracene, substituted pyrene,
substituted C;-C,,, cycloalkylene group, substituted C,-C,
heterocycloalkylene group, substituted C;-C,, cycloalk-
enylene group, substituted C,-C,, heterocycloalkenylene
group, substituted C;-C,, arylene group, substituted C,-C,
heteroarylene group, substituted divalent non-aromatic con-
densed polycyclic group, substituted divalent non-aromatic
condensed heteropolycyclic group, substituted C,-Cg, alkyl
group, substituted C,-Cg, alkenyl group, substituted C,-Cy,
alkynyl group, substituted C,-Cg, alkoxy group, substituted
C;-Cy, cycloalkyl group, substituted C,-C,, heterocy-
cloalkyl group, substituted C,-C, , cycloalkenyl group, sub-
stituted C,-C,, heterocycloalkenyl group, substituted
Cs-Cq aryl group, substituted C4-C, aryloxy group, sub-
stituted C4-C,,, arylthio group, substituted C,-C, heteroaryl
group, substituted monovalent non-aromatic condensed
polycyclic group, and substituted monovalent non-aromatic
condensed heteropolycyclic group may be selected from:

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

a C,-Cq, 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 deuterium, —F, —Cl, —Br,
—1, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C;-C, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cq, aryl group, a
CeCqo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heterapolycyclic group, a biphenyl group, a terphenyl group,
—N(Q1)Q12), —Si(Q1:)(Qu)Q15), and —B(Q,0)(Q15):

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

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cy, aryl group, a Cy-Cg, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cy, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, a biphenyl group, and a terphenyl group, each sub-
stituted with at least one selected from deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
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group or a salt thereof, a C,-Cy, alkyl group, a C,-Cq,
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,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy4-Ce, aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, a
monovalent non-aromatic condensed heteropolycyclic
group, a biphenyl group, a terphenyl group, —N(Q, )(Q.,),
—S1(Q23)(Q24)(Q55) and —B(Q,6)(Q,7), and

(Q*)N(Qsl)(Qsz)s —Si(Q33)(Q34)(Qs5), and  —B(Qs4)

37/

wherein Q,, to Q,-, Q,, t0 Q,,, and Q;, to Q,, may each
independently be selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cq, alkynyl group, a C,-Cg4, alkoxy
group, a C,-C |, cycloalkyl group, a C, -C, ; heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-C, aryl group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic group, a biphenyl group, and a terphenyl group.

In some embodiments, at least one of the substituents of
the substituted triazine, substituted vinylene carbonate, sub-
stituted thiophene, substituted azulene, substituted naphtha-
lene, substituted anthracene, substituted pyrene, substituted
C;-C,, cycloalkylene group, substituted C,-C,, heterocy-
cloalkylene group, substituted C;-C,, cycloalkenylene
group, substituted C,-C,, heterocycloalkenylene group,
substituted C4-Cy, arylene group, substituted C,-Cg, het-
eroarylene group, substituted divalent non-aromatic con-
densed polycyclic group, substituted divalent non-aromatic
condensed heteropolycyclic group, substituted C,-Cq, 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,, heterocy-
cloalkyl group, substituted C,-C,, cycloalkenyl group, sub-
stituted C,-C,, heterocycloalkenyl group, substituted
Cs-Cep aryl group, substituted C¢-Cgyy aryloxy group, sub-
stituted C4-Cy,, arylthio group, substituted C,-C, heteroaryl
group, substituted monovalent non-aromatic condensed
polycyelic group, and substituted monovalent non-aromatic
condensed heteropolycyclic group may be selected from:

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

a C;-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclopentenyl group, a cyclo-
hexenyl group, a phenyl group, a biphenyl group, a terphe-
nyl 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-
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fluorenyl group, a benzofluorenyl group, a dibenzofluorenyl
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 isoxazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a 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 benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, —N(Q;; )(Q»). —Si(Q3)(Q14)
(Qy5), and —B(Q6)(Q;7):

a cyclopentyl group, a cyclohexyl group, a cycloheptyl
group, a cyclopentenyl group, a cyclohexenyl group, a
phenyl group, a biphenyl group, a terphenyl group, a pen-
talenyl 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 isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a 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 benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, 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 biphenyl group, a terphenyl group, a pen-
talenyl 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
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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 isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a 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 benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridinyl group, and
an imidazopyrimidiny] group, each substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a
C,-Cq, alkynyl group, a C,-C,, alkoxy group, a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclo-
pentenyl group, a cyclohexenyl group, a phenyl group, a
biphenyl group, a terphenyl 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 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 isoxazolyl group,
a pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, an
isoquinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a carbazolyl group,
a phenanthridinyl group, an acridinyl group, a phenanthroli-
nyl group, a phenazinyl group, a benzimidazolyl group, a
benzofuranyl group, a benzothiophenyl group, an isobenzo-
thiazolyl group, a benzoxazolyl group, an isobenzoxazolyl
group, a triazolyl group, a tetrazolyl group, an oxadiazolyl
group, a triazinyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, a benzocarbazolyl group, a dibenzocar-
bazolyl group, a thiadiazolyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, —N(Q,)(Q,,), —Si
(Q23)(Q24)(Q26), and —B(Q,5)(Q,5), and

—N(Q3)Qs2), —Si(Qa3)(Q3)(Qs5), and  —B(Q3¢)
(Q37)s

wherein Q,, to Q,-, Q,; to Q,,, and Q;, to Q;, may each
independently be selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine

group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
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acid group or a salt thereof, a C,-Cy, alkyl group, a C,-Cy,
alkenyl group, a C,-C4, alkynyl group, a C,-C, alkoxy
group, a cyclopentyl group, a cyclohexyl group, a cyclo-
hepty] group, a cyclopentenyl group, a cyclohexenyl group,
a phenyl group, a biphenyl group, a terphenyl 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 isoxazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group,
an isoindolyl group, an indolyl group, an indazolyl group, a
purinyl group, a quinolinyl group, an isoquinolinyl group, a
benzoquinolinyl group, a 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 benzimidazolyl group, a benzofuranyl
group, a benzothiophenyl group, an isobenzothiazolyl
group, a benzoxazolyl group, an isobenzoxazolyl group, a
triazolyl group, a tetrazolyl group, an oxadiazolyl group, a
triazinyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzocarbazolyl group, a dibenzocarbazolyl
group, a thiadiazolyl group, an imidazopyridiny]l group, and
an imidazopyrimidinyl group.

The term “Ph” as used herein may refer to a phenyl group;
the term “Me” may refer to a methyl group; the term “Et”
may refer to an ethyl group; and the term “ter-Bu” or “Bu™
may refer to a tert-butyl group.

The term “biphenyl group” may refer to a monovalent
group in which two benzene rings are bound to each other
via a single bond. The term “terphenyl group” may refer to
a monovalent group in which three benzene rings are bound
to each other via two single bonds.

Hereinafter, an organic light-emitting device according to
an embodiment of the present disclosure will be described in
more detail with reference to Examples.

EXAMPLE
Evaluation Example 1

Molecular simulations were performed on Compounds 1
to 5, F,-TCNQ, and Compounds A to C using a Vienna
ab-initio simulation package (VASP). The ionization poten-
tial (IP) and electron affinity (EA) were calculated for each
molecule, and the results thereof are shown in Table 1.

The ionization potential (IP) and electron aflimty (EA) of
a Reference Example, HT 21, are shown as well:

TABLE 1
Tonization potential ~ Electron affinity
Material (eV) (eV)
Example 1 ~ Compound 1 8.62 495
Example 2 Compound 2 8.73 4.60
Example 3~ Compound 3 8.42 4.80
Example 4  Compound 4 7.78 4.73
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TABLE 1-continued

Tonization potential ~ Electron affinity

Material (eV) (eV)
Example 5 Compound 5 8.14 471 ’
Comparative ~ F,—TCNQ 9.34 4.01
Example 1
Comparative Compound A 8.76 4.19
Example 2
Comparative Compound B 7.92 3.86 10
Example 3
Comparative  Compound C 9.66 4.42
Example 4
Reference HT21 5.71 0.94
Example 15
F,—TCNQ
N N

— — 20

Compound A
F F CN
E 25
e
NC P
F

CN F F 30

Compound B
NC CN

Newr S s NN 35

40

Referring to Table 1, Compounds 1 to 5 of Examples 1 to 45
5 were found to have high electron affinities compared to the
compounds used in Comparative Examples 1 to 4.

108

Evaluation Example 2

An electronegativity equalization model (EEM) was used
to simulate the interface barrier between an anode and a
PHTL (p-dopant doped hole transport layer). The hole
injection barriers (HIB) at an interface between an indium
tin oxide (ITO) anode and PHTL were calculated according
to Equation (1) for samples in which the matrix was HT21,
and the p-dopant was selected from the compounds of
Examples 1 to 5 and the compounds of Comparative
Examples 1 to 4. Equation (1) is derived from the electro-
negativity equalization principle, which states that the elec-
tronegativity (y) is equalized throughout (e.g., evenly dis-
tributed between) adjacent atoms or molecules. The results
thereof are shown in FIG. 3:

o (XOrg _ XM) Equation (1)
=T Ty

In Equation (1), y indicates the electronegativity, and 1
indicates the chemical hardness (e.g., of a material). The
superscripts M and Org indicate a metal (e.g., an anode
material), and an organic material (e.g., an HTL material),
respectively. % and  may be calculated from the ionization
potential (IP) and the electron affinity (EA) using Equation

@)

IP+FEA IP-FA Equation (2)
X=——0= 7

Using Equation (2) for the ITO anode, ' was 5.85 eV
and 1™ was 1.7 eV.

 and 1 of the PHTL may be calculated from the IP and
the EA of a hole transport layer material and a p-dopant. In
this calculation, the molar ratio of p-dopant may also be a
variable. The equation to calculate % and 1 of the PHTL
taking into account the molar ratio of p-dopant may be as
follows:

XPHTL _pf Equation (3)
NH exp[— 7} =
kT
N D EA? — P o NP EAP — iPH
(N7 = N7)exp|- *T P |
EAH —pH Equation (4)
PHTL _ o _ -
X =P leog{exp[ T }
NP EAM 1P EAP —1PH
i I e '
T]PHTL —Jpi_ XPHTL_ Equation (5)

In Equations (3) to (5), N is the molar ratio, k is the
Boltzmann constant, and T is the temperature (e.g., room
temperature). The subscript H indicates an HTL material,
and D indicates a p-dopant.

Using Equations (3) and (4) for HT21, EA” was 0.94 eV,
and IP” was 5.71 eV.

By substituting the values of x”#™* and 1 calculated
using Equations (4) and (5) into % and 1" of Equation
(1), respectively, the energy of the hole injection barrier
(HIB) at an interface between the anode and the PHTL
according to the molar ratio of p-dopant may be calculated,
as shown in FIG. 3.

Referring to FIG. 3, the organic light-emitting devices of
Examples 1 to 5 were calculated to have lower HIBs than the
organic light-emitting devices of Comparative Examples 1
to 4.

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

As used herein, the use of “may” when describing
embodiments of the present disclosure refers to “one or
more embodiments of the present disclosure”. In addition, as

CLITS

used herein, the terms “use”, “using”, and “used” may be
considered synonymous with the terms “utilize”, “utilizing”,
and “utilized”, respectively.

As used herein, the terms “substantially”, “about”, and
similar terms are used as terms of approximation and not as
terms of degree, and are intended to account for the inherent
deviations in measured or calculated values that would be
recognized by those of ordinary skill in the art.

Also, any numerical range recited herein is intended to
include all sub-ranges of the same numerical precision
subsumed within the recited range. For example, a range of
“1.0 to 10.0” is intended to include all subranges between
(and including) the recited minimum value of 1.0 and the
recited maximum value of 10.0, that is, having a minimum
value equal to or greater than 1.0 and a maximum value
equal to or less than 10.0, such as, for example, 2.4 to 7.6.
Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
sumed therein and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein.

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

What is claimed is:

1. A dibenzoborole-based compound represented by For-
mula 1:

A (A Formula 1

wherein, in Formula 1,

A, is selected from a substituted or unsubstituted triazine,
a substituted or unsubstituted vinylene carbonate, a
substituted or unsubstituted thiophene, a substituted or
unsubstituted azulene, a substituted or unsubstituted
naphthalene, a substituted or unsubstituted anthracene,
and a substituted or unsubstituted pyrene,

nl is an integer selected from 2 to 10, and each A, moiety
is independently selected from below-described
groups,

A, is represented by Formula 2:

Formula 2
(EDer
/\/ X
* L g_
Erat S | Y \(><Ez>d
Ridpr
\(Rz)b2>

wherein, in Formula 2,
X is selected from B(E;,) and B(R;)),

L, is selected from a substituted or unsubstituted
C;-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substi-
tuted or unsubstituted C5-C,, cycloalkenylene
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group, a substituted or unsubstituted C,-C,, hetero-
cycloalkenylene group, a substituted or unsubsti-
tuted C4-Cq, arylene group, a substituted or unsub-
stituted C,-Cg,, heteroarylene group, a substituted or
unsubstituted  divalent non-aromatic condensed
polycyclic group, and a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic
group,
al is selected from 0 and 1,

E,, E, and E;, are each an electron withdrawing group,
cl is 2 or 3, ¢2 is an integer selected from O to 4, and a
sum of ¢l and ¢2 is an integer selected from 2 to 7,
R,, R,, and R;, are each independently selected from
hydrogen, deuterium, a hydroxyl group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a substituted or unsubstituted C,-Cy, alkyl
group, a substituted or unsubstituted C,-Cq, alkenyl
group, a substituted or unsubstituted C,-Cg, alkynyl
group, a substituted or unsubstituted C,-Cg, alkoxy
group, a substituted or unsubstituted C5-C |, cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C5-C,,
cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-C, aryl group, a substituted or unsub-
stituted C,-Cy, aryloxy group, a substituted or unsub-
stituted C4-Cy, arylthio group, a substituted or unsub-
stituted C,-C,, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed heteropolycyclic

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

Q).
bl is an integer selected from O to 2, and b2 is an integer

selected from 0 to 4,

at least one substituent of the substituted triazine, substi-
tuted vinylene carbonate, substituted thiophene, substi-
tuted azulene, substituted naphthalene, substituted
anthracene, substituted pyrene, substituted C;-C,
cycloalkylene group, substituted C,-C,, heterocy-
cloalkylene group, substituted C,-C,,, cycloalkenylene
group, substituted C,-C,, heterocycloalkenylene
group, substituted C4-Cg, arylene group, substituted
C,-C¢ heteroarylene group, substituted divalent non-
aromatic condensed polycyclic group, substituted diva-
lent non-aromatic condensed heteropolycyclic group,
substituted C,-C,, alkyl group, substituted C,-C,, alk-
enyl group, substituted C,-C, alkynyl group, substi-
tuted C,-Cq, alkoxy group, substituted C;-C
cycloalkyl group, substituted C,-C,, heterocycloalkyl
group, substituted C5-C,,, cycloalkenyl group, substi-
tuted C,-C,, heterocycloalkenyl group, substituted
Cs-Cgo aryl group, substituted C4-Cg, aryloxy group,
substituted C,-Cy, arylthio group, substituted C,-Cy,
heteroaryl group, substituted monovalent non-aromatic
condensed polycyclic group, and substituted monova-
lent non-aromatic condensed heteropolycyclic group is
selected from:

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 car-
boxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group,
a C,-Cq, alkynyl group, and a C,-Cg, alkoxy group;

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group, each sub-



US 10,236,453 B2

111

stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C;-C,y cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C, , cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
aryloxy group, a C¢-Cgy, arylthio group, a C,-Cg, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, a

terphenyl group, —N(Q,,)(Q, ), —Si(Q,3)(Q,4)(Q,5),
and —B(Q,6)(Q,7);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cqy aryl group, a Cg-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, a biphenyl group, and a
terphenyl group;

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C5-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cq, aryl group, a C4-Cy,
aryloxy group, a C,-Cy, arylthio group, a C,-C, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, a biphenyl group, and a
terphenyl group, each substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, a C,-Cy, alkoxy
group, a C5-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cg, aryl group, a
Cs-Cqo aryloxy group, a C4-Cgy, arylthio group, a
C,-Cg heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, a biphenyl
group, a terphenyl group, —N(Q,,)(Qz0), —Si(Q,3)
(Q24)(Q55) and —B(Q,6)(Q;5); and

—N(Q3)(Qs), —Si(Q33)(Q3.)(Q55), and —B(Q;)
(Q37)7

wherein Q, to Q;, Qy; 10 Q7. Qs 10 Qoy, and Qs t0 Q55

are each independently selected from hydrogen, deu-
terium, —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 group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C, alkenyl group,
a C,-Cq, alkynyl group, a C,-C4, alkoxy group, a
C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cg, aryl group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic
condensed heteropolycyclic group, a biphenyl group,
and a terphenyl group, and * indicates a binding site to
A,
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2. The dibenzoborole-based compound of claim 1,

wherein, in Formula 1, A, is selected from Formulae 1A to
TA:

1A
N/\N
L
N (Z31)p31
2A
(@]
2%
3A
0,
(Z31)133
4A
SA
i T X
a1
 aVa
6A
A Y
|
Cadws— 11
Y a aVa
TA

(Z31)p36 _/_

(Z31)s36

wherein, in Formulae 1A to 7A,

75, and 7, are each independently selected from:

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

a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C;-C,o cycloalkyl group, a C,-C,, heterocycloalkyl
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group, a C;-C,, cycloalkenyl group, a C,-C,, hetero- _continued
cycloalkenyl group, a C,-Cq, aryl group, a C,-Cyy o 35

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- 3
densed heteropolycyclic group, —N(Q, )(Q,,), —Si
(Q13)(Q)(Q15), and —B(Qy6)(Q17):

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, hetero-

36
cycloalkenyl group, a C4-Cg, aryl group, a Cg-Cy 10
aryloxy group, a C,-C,, arylthio group, a C,-C,, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, and a monovalent non-aromatic con-
densed heteropolycyclic group; and 15 37
—N(Q3)Qz2), —Si(Qa3)(Q34)(Q55), and —B(Q36)
(Q37)7
wherein Q,, to Q,,, Q,, t0 Q,,, and Q,, to Q,, are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a 20
nitro group, an amino group, an amidino group, a @
hydrazine group, a hydrazone group, a carboxylic acid Ve 18
group or a salt thereof, a sulfonic acid group or a salt — )
thereof, a phosphoric acid group or a salt thereof, a "
C,-Cq, alkyl group, a C,-C, alkenyl group, a C,-Cy, 25 \ /
alkynyl group, a C,-C, alkoxy group, a C;-C,
cycloalkyl group, a C,-C, heterocycloalkyl group, a x
C,;-C,q cycloalkenyl group, a C,-C,, heterocycloalk- \ /
enyl group, a C4-Cy, aryl group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycy- 30 @as
clic group, and a monovalent non-aromatic condensed % 39
heteropolycyclic group, D W N
B30 is 1, | s
b32 s 0, aVv av as
b331is 1 or 2, 35 110
b34 is an integer selected from 1 to 6, *
b35 is an integer selected from 1 to 8, and
b36 is an integer selected from 1 to 3.
3. The dibenzoborole-based compound of claim 1, —Zw
wherein, in Formula 1, nl is an integer selected from 2 to 6. 40
4. The dibenzoborole-based compound of claim 1,
wherein, in Formula 2, L, is selected from groups repre- L
sented by Formulae 3-1 to 3-11: 311
45
31
* (Za
| N
7 50
32
(ZDa wherein, in Formulae 3-1 to 3-11,
A Y, is C(Z)(Z),
| 7, to 7, are each independently selected from hydrogen,
N AW 55 deuterium, —F, —Cl1, —Br, —I, a hydroxyl group, a
33 cyano group, a nitro group, an amino group, an amidino
iy group, a hydrazine group, a hydrazone group, a car-
| A boxylic acid group or a salt thereof, a sulfonic acid
/ group or a salt thereof, a phosphoric acid group or a salt

# 60 thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
34 a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a benzofluorenyl group, a diben-

zofluorenyl group, a phenanthrenyl group, an anthra-

cenyl group, a pyrenyl group, and a chrysenyl group,

65 dl is an integer selected from 1 to 4, d2 is an integer
selected from 1 to 3, d3 is an integer selected from 1 to

6, d4 is an integer selected from 1 to 8, d5 is an integer
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selected from 1 to 5, and * and * each indicate a
binding site to an adjacent atom.

5. The dibenzoborole-based compound of claim 1,
wherein, in Formula 2, L, is selected from groups repre-
sented by Formulae 4-1 to 4-13:

41
*
\O\ ”
4.2
* : gl
43
3
O:*,
44
*
‘ £
4.5
*\<>
w0
46
**
4.7
*u
4.8
| /.
Q :
4.9
* O )
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-continued
4-10
#l
| l
4-11
' Q
!*
4-12
st
" OQ
4-13
*

-

wherein, in Formulae 4-1 to 4-13, *and *' each indicate a

binding site to an adjacent atom.

6. The dibenzoborole-based compound of claim 1,
wherein, in Formula 2, E,, E,, and E,, are each indepen-
dently selected from —F, —Cl, —Br, —I, —CN, —NO,,
—CF,, —CCl;, —C,F,, —C,Cl;, —C,(CN);, —CBr;,
—C(NO,);, —C,Br;, —Cl, —C5(NO,);, and —PO(Ph);.

7. The dibenzoborole-based compound of claim 1,
wherein, in Formula 2 X is B(E,,), and a sum of ¢l and ¢2
is an integer selected from 4 to 7.

8. The dibenzoborole-based compound of claim 1,
wherein, in Formula 2, X is B(E;,), ¢l is 2, and ¢2 is 2.

9. The dibenzoborole-based compound of claim 1,
wherein,

in Formula 2, R, R,, and R;, are each independently

selected from hydrogen, deuterium, a hydroxyl group,
an amino group, an amidino group, a hydrazine group,
a hydrazone group, a C,-C,, alkyl group, and a C,-C,,
alkoxy group;

a phenyl group and a naphthyl group; and

a phenyl group and a naphthyl group, each substituted

with at least one selected from deuterium, a hydroxyl
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, and a naphthyl
group.

10. The dibenzoborole-based compound of claim 1,
wherein, in Formula 2, b, and b, are 0.

11. The dibenzoborole-based compound of claim 1,
wherein, in Formula 1, A, is represented by Formula 2A:
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Formula 2A
* Ela
~
Liar X
O Ea,
E117 Q RZ
@

Rla

Ry,

Ex

wherein, in Formula 2A, X, L, and al are the same as
described above, E,, and E|, are the same as E|, E,,
and E,, are the same as E,, R, , is the same as R, and

R,, and R,, are the same as R,.
12. The dibenzoborole-based compound of claim 1,
wherein, in Formula 1, A, is represented by Formula 2A(1):

Formula 2A(1)
Bl

&
O X

Ezp

EZaa

wherein, in Formula 2A(1), X is the same as described
above, E,,and E |, arethe same as E,, and E, , and E,,
are the same as E,.
13. The dibenzoborole-based compound of claim 1, rep-
resented by one selected from Formulae 1-1 to 1-7:

1-1
AZa
N|)\N
Azp N Ay
1-2
i
O (6]
Ay Agp
1-3
Azq \Sq Azg
Agp Age
1-4
314
Agg ‘ Asg
231y Q 7314
Asp Age
Z31c
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-continued
1-5
Ay, Z314
Z31a Asg
Agy Zy,.
Z31p Ase
1-6
Z31a Ay 2314
Ay Age
Ay Aza
Z3y Ay Z3)c
1-7

AZc

Z33e

wherein, in Formulae 1-1 to 1-7, A, to A, .are the same
as A,, and 7Z5,, to Z5,, and 7Z5,, to 75, are each
independently selected from:

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

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cgq
alkynyl group, and a C,-C, alkoxy group, each sub-
stituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C;-C,q cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,—C, , hetero-
cycloalkenyl group, a C4-Cgp aryl group, a Cg-Cgp
aryloxy group, a C-Cy, arylthio group, a C;-C, het-
eroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q, )(Q;,), —Si
(Q13)(Q14)(Q15), and —B(Qy6)(Qy7):

a C;-C,y cycloalkyl group, a C;-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C;-C,, hetero-
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cycloalkenyl group, a C4-Cy, aryl group, a C4-Co,
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- 5
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-Cy aryl group, a C4-Cgy 19

aryloxy group, a C¢-Cg, arylthio group, a C,-Cq, 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 deuterium, —F, —Cl, —Br,

—1, a hydroxyl group, a cyano group, a nitro group, an

amino group, an amidino group, a hydrazine group, a

hydrazone group, a carboxylic acid group or a salt 5

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

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

group, a C,-C, alkenyl group, a C,-C, alkynyl group,

a C,-Cy, alkoxy group, a C;-C,,, cycloalkyl group, a s

C,-C,, heterocycloalkyl group, a C;-C,, cycloalkenyl

group, a C,-C,, heterocycloalkenyl group, a C;-Cg,
aryl group, a C4-Cg, aryloxy group, a C-Cg, arylthio

Formula 1-1(1)

(E2)ea
h\\/(Rz)bz

T R

/ F
Ee ,
NN

(Ea)es | (Es)es
\/\ N/ \/\ X,

\/ | / \2{\\\/(]56)06
e )

Ra)ps Rshs _|=)

(Ra)ss

Formula 1-3(1)

[Py

Ra)p7
X f \\/ (Es)cs

(Re)ss
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group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, a monovalent
non-aromatic condensed heteropolycyclic  group,
S NQu)Qu), —Si(Qu)Qu)(Qus)r and —B(Qs)
(Qy7): and

7N(Q3l)(Q3Z):
Qs7):

wherein Q,; to Q,,, Q,, to Q,,, and Q5 to Q,, are each
independently selected from hydrogen, deuterium, —F,

—Si(Q53)(Q54)(Qs5), and  —B(Qs4)

—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-Cq alkyl group, a C,-Cg, alkenyl group, a C,-Cy,
alkynyl group, a C,-C, alkoxy group, a C;-Cj,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, a C4-Cg, aryl group, a C,-Cy, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group.

14. The dibenzoborole-based compound of claim 1, rep-

resented by one selected from Formulae 1-1(1) to 1-7(1):

Formula 1-2(1)

(@]
A
EDer /= Es)
At D) 3)c3
X, \ / j % X
N | R P
(EZ)CZ_: (Rl)bl :_ (E4)C4’
NP w
Ro)s2 Ra)ps
Formula 1-4(1)
(Faea (Eg)ea
[/\/ | e E N \ \/\1
7 . / Z314 x, ,’( R
< ,
Rodn2 e N\ IR :
A
Rs)ps R7)p7 M- (Bg)es
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-continued
Formula 1-5(1)
E2)e2
Ra)p2 \//[_-_\\(
(Ros1
\ (E4)ea
X S

) Rapa,
T Ra)is

=
]
\/%/’\ (Es)es
(Re)eg
E) Formula 1-6(1)
2)c2
(Rz)bz\/./’_’\\(
(Ralss /
R -
(E4)e
! 4\/ Rp)p1 %, En)
= 12)e12
Ra)s3 \ N Einent /
Xr =
X, / / \ :)
Ut - /
(E3)C3/ Ripi2s
(Eses
X

(Ee)es N \

‘ ?: \ X, _/(Rlo)blo
- \,/
(R/ﬁ)bs Xa |

= {E10)e10

|

7@@%
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-continued

(Rab\l
4
//\“l/ (E2)e2

A

A\

(Rs)ps

4

FANYR

wherein, in Formulae 1-1(1) to 1-7(1),

E, E,.cl,c2,R,, R,, bl, and b2 are the same as described
above,

E;, Es, E,, Eg, and E, | are the same as F,

4 Bg, Eg. Bqo, and E, are the same as E,,

3, ¢5, ¢7, ¢9, and c11 are the same as cl,

cd, c6, c8, ¢10, and c12 are the same as c2,

R;, R, R, Ry, and Ry, are the same as R,

R.s R, Rg, Ry, and R, are the same as R,

b3, b5, b7, b9, and b1l are the same as b1, and

b4, b6, b8, b10, and bl2 are the same as b2,

X, is selected from B(E;, ) and B(R;,,),

X, 1s selected from B(E;;,) and B(R;,,),

X_, is selected from B(E;,c) and B(R;, ),

X, 1s selected from B(E;, ) and B(R;,,),

X, is selected from B(E,,,) and B(R;,,),

X, is selected from B(E;, ) and BR,; ).

E;,a to By, -are the same as E;),

R;,, to R;, are the same as R, 75, t0 Z;, ;and Zs,, to
Z5,. are each independently selected from hydrogen,
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 group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C,, alkenyl group,
a C,-Cq, alkynyl group, and a C,-Cg, alkoxy group;
aC,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cy,

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

group, —N(Q;)(Q;,), —Si(Q;3)(Q,4)(Q;5), and
—B(Q,6)Q17%

(Re)ps
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(R7)s7

Formula 1-7(1)

a C5-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cq, aryl group, a
Cs-Cqo aryloxy group, a C,-Cg, arylthio group, a
C,-Cq, heteroaryl group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group;

a C5-C,,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C;-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cg, aryl group, a
Co-Cyoaryloxy group, a C4-Cq, 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 deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cq, alkynyl group, a C,-C,
alkoxy group, a C5-C,, cycloalkyl group, a C,-Cy,
heterocycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C, , heterocycloalkenyl group, a C4-Cg,
aryl group, a C,-Cy, aryloxy group, a C4-Cy arylthio
group, a C,-Cg, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic condensed heteropolycyclic

—N(Q:1)(Q22), —S1(Q23)(Q24)(Q25), and
—B(Q,)(Q.): and

—N(Q;)(Qs2). —Si(Q33)(Q34)(Qs5), and —B(Qs¢)

3779
wherein Q,, to Q,-, Q,; t0 Q,,, and Q;, to Q,, are each
independently selected from hydrogen, deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid
group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a
C,-Cq alkyl group, a C,-Cq, alkenyl group, a C,-Cy,
alkynyl group, a C,-C¢, alkoxy group, a C;-Cj,
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cycloalkyl group, a C,-C,, heterocycloalkyl group, a clic group, and a monovalent non-aromatic condensed
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalk- heteropolycyclic group.
enyl group, a C4-Cy, aryl group, a C,-Cg, heteroaryl 15. The dibenzoborole-based compound of claim 1, rep-
group, a monovalent non-aromatic condensed polycy- resented by one selected from Formulae 1-1(1)1 to 1-7(1)1:
Formula 1-1(1)1 Formula 1-2(1)1
Ez
+(
E31a/B
By Eip ,
Fags B N7 OYN Es, Faie
\
E4a B O N/ O B Eéa
E4b E6b
Formula 1-3(1)1 Formula 1-4(1)1
Bz Eyo

Egp,

Eep Egp
Formula 1-5(1)1
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-continued

Ees

wherein, in Formulae 1-1(1)1 to 1-7(1)1,

Eiw Eips Bsa Esps Esas Esps Eggy Bay B Bop By, and
E,,, are the same as E,,

Es o Bop Bua Bags Boar B Bsan By Broas Eross Erags and 49
E,,, are the same as E,, and

E;,, to B, are the same as B,.

16. An organic light-emitting device comprising a first
electrode; a second electrode; and an organic layer between
the first electrode and the second electrode and comprising 65
an emission layer, wherein the organic layer comprises the
dibenzoborole-based compound of claim 1.

Formula 1-6(1)1

Formula 1-7(1)1

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

wherein:

the first electrode is an anode,

the second electrode is a cathode,

the organic layer comprises i) a hole transport region
between the first electrode and the emission layer that
comprises at least one selected from a hole injection
layer, a hole transport layer, a buffer layer, and an
electron blocking layer and ii) an electron transport
region between the emission layer and the second
electrode that comprises at least one selected from a
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hole blocking layer, an electron transport layer, and an
electron injection layer, and

the hole transport region comprises the dibenzoborole-

based compound.

18. The organic light-emitting device of claim 17, wherein 5
the hole transport region comprises the hole transport layer,
and the hole transport layer comprises the dibenzoborole-
based compound.

19. The organic light-emitting device of claim 18, wherein
the hole transport layer further comprises a matrix material, 10
and an amount of the dibenzoborole-based compound in the
hole transport layer is about 0.5 part by weight to about 2
parts by weight, based on 100 parts by weight of the matrix
material.

15
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