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AMINE-BASED COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0035373, filed on
Mar. 26, 2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments relate to an amine-based
compound and an organic light-emitting device including the
same.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting devices are self-emission
devices that have wide viewing angles, high contrast ratios,
short response time, and excellent brightness, driving volt-
age, and response speed characteristics; and produce full-
color images.

[0006] An organic light-emitting device may include a first
electrode disposed on a substrate, and a hole transport layer,
an emission layer, an electron transport layer, and a second
electrode, which are sequentially disposed on the first elec-
trode. Holes provided from the first electrode may move
toward the emission layer through the hole transport layer,
and electrons provided from the second electrode may move
toward the emission layer through the electron transport
layer. Carriers, such as holes and electrons, are combined in
the emission layer to produce excitons. These excitons
change from an excited state to a ground state, thereby gen-
erating light.

SUMMARY

[0007] Aspects according to one or more embodiments of
the presentinvention are directed toward a novel amine-based
compound and an organic light-emitting device including the
same.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0009] According to one or more embodiments of the
present invention, an amine-based compound is represented
by Formula 1 below:

Formula 1
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[0010] wherein in Formula 1,

[0011] Z,,isNorC(R,,),Z,,is NorC(R,,), Z,;is N or
CR,3), Z14is Nor C(Ry,), Z,51s Nor C(R,5), Z,41s N or
CR,e), Z,7i8 Nor CRy,), Z,5is Nor C(R,), Z,51s N or
C(R,g), Z5p1s N or C(R,), and Z,, is N or C(R,));

[0012] L, and L, may be each independently a substituted
or unsubstituted C,-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 condensed
polycyclic group, or a substituted or unsubstituted divalent
non-aromatic condensed heteropolycyclic group;

[0013] aand b are each independently an integer selected
from 0 to 5;
[0014] Ar, and Ar, may be each independently a substi-

tuted or unsubstituted C,-C,, cycloalkyl group, a substituted
orunsubstituted C,-C, , heterocycloalkyl group, a substituted
or unsubstituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C,-C, ; heterocycloalkenyl group, a substituted
or unsubstituted C4-Cy, aryl group, a substituted or unsubsti-
tuted heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group, or a
substituted or unsubstituted monovalent non-aromatic con-
densed heteropolycyclic group;

[0015] R, toR,andR,, to R, may be each independently
a hydrogen atom, a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-C, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C,-C o heterocycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cy, aryl group, a substituted or unsubstituted C,-Cg,
heteroaryl group, a substituted or unsubstituted C4-Cg, ary-
loxy group, a substituted or unsubstituted C4-Cyg, arylthio
group, a substituted or unsubstituted monovalent non-aro-
matic condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropolycyclic

group, —N(Q;)(Q,), —Si(Q5)(Q4)(Qs), or —B(Qs)(Q5);

[0016] p is an integer selected from 1 to 4;
[0017] qisan integer selected from 1 to 3;
[0018] at least one substituent of the substituted C5-C,,

cycloalkylene group, the substituted C,-C, ; heterocycloalky-
lene group, the substituted C5-C, , cycloalkenylene group, the
substituted C,-C,, heterocycloalkenylene group, the substi-
tuted Cq-Cg, arylene group, the substituted C,-Cg, het-
eroarylene group, the substituted divalent non-aromatic con-
densed polycyclic group, the substituted divalent non-
aromatic condensed heteropolycyclic group, the substituted
C,-Cy, alkyl group, the substituted C,-C, alkenyl group, the
substituted C,-Cg, alkynyl group, the substituted C,-Cg,
alkoxy group, the substituted C,-C,, cycloalkyl group, the
substituted C,-C,,, heterocycloalkyl group, the substituted
C;-C, cycloalkenyl group, the substituted C,-C, , heterocy-
cloalkenyl group, the substituted C.-C,, aryl group, the sub-
stituted C,-Cg, heteroaryl group, the substituted C4-Cq, ary-
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loxy group, the substituted C4-Cg, arylthio group, the
substituted monovalent non-aromatic condensed polycyclic
group, and the substituted monovalent non-aromatic con-
densed heteropolycyclic group may be selected from:
[0019] adeuterium, —F, —Cl,—Br,—I,a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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,-Cy, alkynyl group,
and a C,-C,, alkoxy group;

[0020] a C,-C,, alkyl group, a C,-C, alkenyl group, a
C,-Cg, alkynyl group, and a C, -Cy, alkoxy group, each sub-
stituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C,-C |, cycloalkyl group, a C,-C, ; hetero-
cycloalkyl group, a C,-C, , cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-C, aryl group, a Co-Cy, 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, —N(Q;1)(Q15), —Si(Q13)(Q14)(Q,5), and —B(Q,4)
Q)

[0021] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp 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;

[0022] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-C, aryl group, a C4-Cy aryloxy
group, a C¢-Cg, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and a
monovalent non-aromatic condensed heteropolycyclic
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid 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,-Cy, alkenyl group, a C,-Cq, alkynyl group, a C,-Cq,
alkoxy group, a C;-C, , cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp 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, —N(Q,1)(Q25), —Si1(Q2:)(Q24)(Q55), and —B(Qa4)

(Qz); and
—Si (st)(Q34) (st)s and

[0023] —N(Q;,)(@Q;.):
—B(Q16)(Qs7), wherein

[0024]  Q,t0Q;,Qy; 10Q,7, Qy 10 Qy7,and Qs to Q57 may
be each independently a hydrogen, a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid group or
asalt thereof, a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg, alkoxy group, a C;-C,
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cycloalkyl group, a C,-C, , heterocycloalkyl group, a C;-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Ce aryl group, a C,-Cg, heteroaryl group, a monovalent
non-aromatic condensed polycyclic group, or a monovalent
non-aromatic condensed heteropolycyclic group.

[0025] According to one or more embodiments of the
present invention, an organic light-emitting device includes: a
first electrode; a second electrode facing the first electrode;
and an organic layer between the first electrode and the sec-
ond electrode and including an emission layer, wherein the
organic layer includes at least one of the amine-based com-
pound described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the drawing,
which is a schematic view of an organic light-emitting device
according to an embodiment.

DETAILED DESCRIPTION

[0027] Reference will now be made in more detail to
embodiments, examples of which are illustrated in the
accompanying drawing, wherein like reference numerals
refer to like elements throughout. In this regard, the present
embodiments may have different forms and should not be
construed as being limited to the descriptions set forth herein.
Accordingly, the embodiments are merely described below,
by referring to the drawing, to explain aspects of the present
description. Expressions such as “at least one of,” when pre-
ceding a list of elements. modify the entire list of elements
and do not modify the individual elements of the list. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. Further, the use
of “may” when describing embodiments of the present inven-
tion refers to “one or more embodiments of the present inven-
tion.”

[0028] An amine-based compound according to an
embodiment is represented by Formula 1 below:

Formula 1

Z31
x4 \
2 z
19@218 14\\2
13
Z
Zf 12
[0029] inFormulal,Z, isNorC(R,,),Z,,isNorCR,,),

7,518NorC(R,;),Z,,1sNorC(R,,), Z,51sNor C(R;5), Z ¢
isNorC(R,¢), Z,,1sNorC(R,,), Z,5isNor CR4), Z,5 18
Nor C(R,q), Zsg 18 N or C(R,g), and 7,5, is N or C(R,)).
[0030] Forexample, in Formula 1, Z,, may be C(R,,),Z,,
may be C(R,), Z,5 may be C(R,5), Z,, may be C(R.), Z 5
may be C(R5), Z, s may be C(R¢), Z,, may be C(R,,), Zq
may be C(R,3), Z,, may be C(R,,), Z,, may be C(R,,), and
75, may be C(R,,), but they are not limited thereto.
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[0031] L, andL, in Formula 1 may be each independently
a substituted or unsubstituted C;-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C;-C, , cycloalkenylene
group, a substituted or unsubstituted C,-C, , heterocycloalk-
enylene group, a substituted or unsubstituted C,-Cy, arylene
group, a substituted or unsubstituted C,-Cg, heteroarylene
group, a substituted or unsubstituted divalent non-aromatic
condensed polycyclic group, or a substituted or unsubstituted
divalent non-aromatic condensed heteropolycyclic group.

[0032] For example, L, and L, in Formula 1 may be each
independently selected from:

[0033] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthrenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexacenylene
group, a pyrrolylene group, an imidazolylene group, a pyra-
zolylene group, a pyridinylene group, a pyrazinylene group, a
pyrimidinylene group, a pyridazinylene group, an isoin-
dolylene group, an indolylene group, an indazolylene group,
a purinylene group, a quinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridinylene
group, a quinoxalinylene group, a quinazolinylene group, a
cinnolinylene group, a carbazolylene group, a phenanthridi-
nylene group, an acridinylene group, a phenanthrolinylene
group, a phenazinylene group, a benzoimidazolylene group, a
furanylene group, a benzofuranylene group, a thiophenylene
group, a benzothiophenylene group, a thiazolylene group, an
isothiazolylene group, a benzothiazolylene group, an isox-
azolylene group, an oxazolylene group, a triazolylene group,
atetrazolylene group, an oxadiazolylene group, a triazinylene
group, a benzooxazolylene group, a dibenzofuranylene
group, a dibenzothiophenylene group, and a benzocarba-
zolylene group; and

[0034] a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an indacenylene group, an acenaphth-
ylene group, a fluorenylene group, a spiro-fluorenylene
group, a phenalenylene group, a phenanthrenylene group, an
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, a pentaphenylene group, a hexacenylene
group, a pyrrolylene group, an imidazolylene group, a pyra-
zolylene group, a pyridinylene group, a pyrazinylene group, a
pyrimidinylene group, a pyridazinylene group, an isoin-
dolylene group, an indolylene group, an indazolylene group,
a purinylene group, a quinolinylene group, a benzoquinoli-
nylene group, a phthalazinylene group, a naphthyridinylene
group, a quinoxalinylene group, a quinazolinylene group, a
cinnolinylene group, a carbazolylene group, a phenanthridi-
nylene group, an acridinylene group, a phenanthrolinylene
group, a phenazinylene group, a benzoimidazolylene group, a
furanylene group, a benzofuranylene group, a thiophenylene
group, a benzothiophenylene group, a thiazolylene group, an
isothiazolylene group, a benzothiazolylene group, an isox-
azolylene group, an oxazolylene group, a triazolylene group,
atetrazolylene group, an oxadiazolylene group, a triazinylene
group, a benzooxazolylene group, a dibenzofuranylene
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group, a dibenzothiophenylene group, and a benzocarba-
zolylene group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —1I, a hydroxyl group, a
cyano group, a hitro 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 C¢-C,, aryl group, and
a C,-C,,, heteroaryl group.

[0035] Insomeembodiments, [, and [, in Formula 1 may
be each independently selected from:

[0036] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a chry-
senylene group, a pyridinylene group, a pyrazinylene group,
a pyrimidinylene group, a pyridazinylene group, an isoin-
dolylene group, an indolylene group, a quinolinylene group,
a benzoquinolinylene group, a quinoxalinylene group, a
quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, and a triazinylene group; and

[0037] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a chry-
senylene group, a pyridinylene group, a pyrazinylene group,
a pyrimidinylene group, a pyridazinylene group, an isoin-
dolylene group, an indolylene group, a quinolinylene group,
a benzoquinolinylene group, a quinoxalinylene group, a
quinazolinylene group, a cinnolinylene group, a carba-
zolylene group, and a triazinylene group, each substituted
with at least one selected from a deuterium, —F, —Cl, —Br,
—1, ahydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora 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 phe-
nyl group, a naphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group; a pyridazinyl group, an isoindolyl group,
an indolyl group, a quinolinyl group, a benzoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nylene group, a carbazolyl group, and a triazinyl group, but
they are not limited thereto.

[0038] Insomeembodiments, [, and [, in Formula 1 may
be each independently selected from:

[0039] aphenylene group, a naphthylene group, and a fluo-
renylene group; and

[0040] a phenylene group, a naphthylene group, and a fluo-
renylene group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —1I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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 pheny! group, a naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a qui-
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noxalinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, and a triazinyl group, but they are not
limited thereto.

[0041] aandb in Formula 1 may be each independently an
integer selected from O to 5, for example, an integer selected
from 0 to 3. In some embodiments, a and b in, Formula 1 may
be each independently 0 or 1.

[0042] In Formula 1, when ais 0, -(L,) - is a single bond,
andwhenbis 0, -(L,),- is a single bond. When a is 2 or more,
a plurality of L, may be identical or different; and when b is
2 or more, a plurality of L, may be identical or different.
[0043] Ar, and Ar, in Formula 1 may be each indepen-
dently a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C, , heterocycloalkyl
group, a substituted or unsubstituted C5-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C, , heterocycloalk-
enyl group, a substituted or unsubstituted C.-Cg, aryl group,
a substituted or unsubstituted heteroaryl group, a substituted
or unsubstituted monovalent non-aromatic condensed poly-
cyclic group, or a substituted or unsubstituted monovalent
non-aromatic condensed heteropolycyclic group.

[0044] For example, Ar, and Ar, in Formula 1 may be each
independently selected from:

[0045] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl 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
pyrrolyl group, an imidazolyl group, a pyrazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a puriny! group, a quinolinyl group, a ben-
zoquinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl group,
a benzoimidazolyl group, a furanyl group, a benzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a thia-
zolyl group, an isothiazolyl group, a benzothiazolyl group, an
isoxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, and a benzocarbazolyl group; and
[0046] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a phenan-
threnyl group, an anthracenyl 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
pyrrolyl group, an imidazolyl group, a pyrazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl group, an
indazolyl group, a purinyl group, a quinolinyl group, a ben-
zoquinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl group,
a benzoimidazolyl group, a furanyl group, a benzofuranyl
group, a thiophenyl group, a benzothiophenyl group, a thia-
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zolyl group, an isothiazolyl group, a benzothiazolyl group, an
isoxazolyl group, an oxazolyl group, a triazolyl group, a
tetrazolyl group, an oxadiazolyl group, a triazinyl group, a
benzooxazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, and a benzocarbazolyl group, each sub-
stituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a Cg-Cyq aryl group, and a C,-C,, heteroaryl group.

[0047] In some embodiments, Ar, and Ar, in Formula 1
may be each independently selected from:

[0048] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
and

[0049] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl1,—Br, —I, ahydroxyl group, a cvano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group,
but there are not limited thereto.

[0050] In some embodiments, Ar, and Ar, in Formula 1
may be each independently represented by one of Formulae
3-1 to 3-20 below:

Formula 3-1

Formula 3-2

-0
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-continued -continued
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-continued
Formula 3-17

Formula 3-18

%Og

Formula 3-19

QQO

* Q

[0051] inFormulae 3-1 to 3-20, * indicates a binding site to
“N”, L, or L, of Formula 1.

[0052] R, to R,, and R, to R,; in Formula 1 are each
independently selected from:

[0053] a hydrogen, a deuterium, —F, —CI, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid 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,-Cg, alkynyl group, and a C,-Cq, alkoxy group;

[0054] a C,-C, alkyl group, a C,-Cg, alkenyl group, a
C,-Cy, alkynyl group, and a C, -C, alkoxy group, each sub-
stituted with at least one selected from a deuterium, —F,
—Cl, —Br, —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,
asulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C;-C,, cycloalkyl group, a C;-C, ; hetero-
cycloalkyl group, a C,-C, 4 cycloalkenyl group, a C5-C, , het-
erocycloalkenyl group, a C4-Cg aryl group, a C4-Cy, aryloxy
group, a C4-Cq, arylthio group, and a C,-Cg, heteroaryl
group;,

[0055] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C,-C,,, cycloalkenyl group, a C,-C,, het-
erocycloalkenyl group, a C,-Cq, aryl group, a C,-Cg, het-
eroaryl group, a Cy4-Ce, aryloxy group, a C4-Cy, arylthio
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group:

[0056] a C;-C,, cycloalkyl group, a C5-C,, heterocy-
cloalkyl group, a C5-C, cycloalkenyl group, a C5-C,, het-
erocycloalkenyl group, a C,-Cq, aryl group, a C,-Cg, het-
eroaryl group, a Cy-Cg, aryloxy group, a C4-Cy, arylthio

Formula 3-20
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group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group, each substituted with at least one
selected from a deuterium, —F, —Cl1, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid 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,-C,, alkenyl group, aC,-C, alkynyl
group, a C,-C, alkoxy group, a C;-C, cycloalkyl group, a
C,-C,, heterocycloalkyl group, aC,-C |, cycloalkenyl group,
a C5-C,, heterocycloalkenyl group, a C4-Cgy, aryl group, a
CsCy, aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a C4-C, aryloxy group, a C-Cg, arylthio
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed het-
eropolycyclic group; and

[0057] —N(Q,)(Q,2); —Si(Q,3)(Q1)(Q;5), and
—B(Q,6)(Q;,) (Where Q, , to Q,, may be each independently
a C,-Cg, alkyl group, a C,-C, alkoxy group, a Cc-Cg, aryl
group, a C,-Cg, heteroaryl group, a C4-Cy, aryloxy group, a
Ce-Cqo arylthio group, a monovalent non-aromatic con-
densed polycyclic group, or a monovalent non-aromatic con-
densed heteropolycyclic group).

[0058] In some embodiments, in Formula 1,

[0059] R, andR,may beeachindependently selected from:
[0060] aC,-C,, alkyl group;

[0061] a C,-C,, alkyl group substituted with at least one

selected from a deuterium, —F, —Cl1, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid 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 naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
[0062] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthrenyl group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
and

[0063] aphenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl1,—Br, —I, ahydroxyl group, a cvano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
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aphenyl group, a naphthyl group, a fluoreny! group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group.
[0064] In some embodiments, R, and R, in Formula 1 are
each independently selected from a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, and the groups represented by Formu-
lae 3-1 to 3-20 (where * indicates a binding site to the C-9
carbon of fluorene of Formula 1), but are not limited thereto.
[0065] Insome embodiments, R, and R, in Formula 1 may
be each independently a phenyl group or a naphthyl group,
but are not limited thereto.

[0066] R, andR,inFormulalmay beidentical or different.
For example, R, and R, in Formula 1 may each be identical.
[0067] R,, R, andR,, to R,; in Formula 1 are each inde-
pendently selected from:

[0068] ahydrogenatom, adeuterium, —F, —Cl,—Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, and a C,-C,, alkyl group;

[0069] a C,-C,, alkyl group substituted with at least one
selected from a deuterium, —F, —Cl1, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid 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 naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
[0070] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthrenyl group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
and

[0071] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl 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,
asulfonic acid group or a salt thereof, a phosphoric acid group
or asalt thereof,a C,-C,, alkyl group, a C,-C,, alkoxy group,
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a phenyl group, a naphthyl group, a fluoreny! group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group.
[0072] In some embodiments, R;, R,, and R;, to R,, in
Formula 1 may be each independently selected from a hydro-
gen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nhitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, and a
C,-C,, alkyl group.

[0073] In some embodiments, R,, R,, and R,, to R,, in
Formula 1 may be each independently selected from a hydro-
gen, a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a hitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, and the groups repre-
sented by Formulae 3-1 to 3-20, but are not limited thereto.

[0074] In some embodiments, the amine-based compound
represented by Formula 1 may contain at least one naphtha-
lene ring in its molecular structure.

[0075] The expression “(Formula 1 or 1A) includes at least
one naphthalene” used herein refers to a case that in the
molecular structure of the amine-based compound repre-
sented by Formula 1 or 1A, at least one naphthalene neces-
sarily exists regardless of where the naphthalene is present.
For example, in the molecular structure of the amine-based
compound represented by Formula 1 or 1A, the at least one
naphthalene may be present as a terminal group (for example,
see Compounds 1 to 3 to be explained later), or as a linking
group (for example, see Compounds 4 and 5 to be explained
later). Also, in the molecular structure of the amine-based
compound represented by Formula 1 or 1A, the at least one
naphthalene may be present where Ar, is located (for
example, see Compounds 1, 2,4, and 5 to be explained later),
or where Ar, is located (for example, see Compound 3 to be
explained later).

[0076] The amine-based compound described above may
be represented by Formula 1A below:

Formula 1A
Ra Ry g,
Rag ! I Rys Any
Rio O
Ris Rz Rys
Rs), R3)g Riy
[0077] L,,L,.a,b,Ar,Ar,, R, toR,,R;;toR,;,andpand

qin Formula 1A are the same as already described in detail
above with respect to Formula 1.
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[0078] For example, in Formula 1A,
[0079] L, and L, may be each independently selected from:
[0080] a phenylene group, a naphthylene group, a fluore-

nylene group, a spiro-fluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a chry-
senylene group, a pyridinylene group, a pyrazinylene group,
a pyrimidinylene group, a pyridazinylene group, an isoin-
dolylene group, an indolylene group, a quinolinylene group,
a benzoquinolinylene group, a quinoxalinylene group, a
quinazolinylene group, a cinnolinylene group. a carba-
zolylene group, and a triazinylene group; and

[0081] a phenylene group, a naphthylene group, a fluore-
nylene group, a spiro-fluorenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a chry-
senylene group, a pyridinylene group, a pyrazinylene group,
a pyrimidinylene group, a pyridazinylene group, an isoin-
dolylene group, an indolylene group, a quinolinylene group,
a benzoquinolinylene group, a quinoxalinylene group, a
quinazolinylene group, a cinnolinylene group. a carba-
zolylene group, and a triazinylene group, each substituted
with at least one selected from a deuterium, —F, —Cl, —Br,
—1I, ahydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora 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 phe-
nyl group, a naphthyl group, a fluorenyl group, a spiro-fluo-
renyl group, a phenanthrenyl group, an anthracenyl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl group,
an indolyl group, a quinolinyl group, a benzoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinnoli-
nyl group, a carbazolyl group, and a triazinyl group;

[0082] aand b are each independently O or 1;

[0083] Ar, and Ar, may be each independently selected
from:

[0084] a phenyl group, a naphthyl group, a fluorenyl group,

a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
and

[0085] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl 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,
asulfonic acid group or a salt thereof, a phosphoric acid group
or asalt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, a fluoreny! group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
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group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;

[0086] R, and R, may beeachindependently selected from:
[0087] aC,-C,, alkyl group;
[0088] a C,-C,, alkyl group substituted with at least one

selected from a deuterium, —F, —C1, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid 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 naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
[0089] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
and

[0090] a phenyl group, a naphthyl group, a fluorenyl group,
a spiro-fluorenyl group, a phenanthreny! group, an anthrace-
nyl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group,
each substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl 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,
asulfonic acid group or a salt thereof, a phosphoric acid group
orasalt thereof, a C,-C,q alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, a fluorenyl group, a spiro-
fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, atriphenylenyl group, a pyrenyl
group, a chrysenyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl group,
a cinnolinyl group, a carbazolyl group, and a triazinyl group;
[0091] R;, R,, and R, to R,; may be each independently
selected from a hydrogen, a deuterium, —F, —CI, —Br, —]I,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, and a C,-C,, alkyl group;

[0092] p and q may be each independently 0, 1, or 2; and
[0093] Formula 1 may include at least one naphthalene.
[0094] For example, at least one selected from Ar,, Ar,, R,

toR,and R, to R,, in Formula 1 may be selected from:
[0095] a naphthyl group;

[0096] a naphthyl group substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
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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
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, and a triazinyl group; and

[0097] a phenyl group, an anthracenyl group, and a fluore-
nyl group, each substituted with at least one naphthyl group.

[0098]
[0099]

[0100] a phenylene group, a naphthylene group, and a fluo-
renylene group; and

[0101] aphenylene group, a naphthylene group, and a fluo-
renylene group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid 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 pheny! group, a naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a qui-
noxalinyl group, a quinazolinyl group, a cinnolinyl group, a
carbazolyl group, and a triazinyl group;

[0102]

[0103] Ar, and Ar, may be each independently selected
from the groups represented by Formulae 3-1 to 3-20;

[0104] R, andR, may be each independently selected from
amethyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, a heptyl group, and the groups
represented by Formulae 3-1 to 3-20;

[0105] R,, R,, and R, to R,; in Formula 1 may be each
independently selected from a hydrogen, a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
asulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, and the groups represented by Formulae 3-1 to 3-20;
and

[0106] p and q may be each independently 0, 1, or 2, but
they are not limited thereto.

[0107] Forexample, at least one selected from Ar,, Ar,, R,
to R,, and R, to R,; in Formula 1 or 1A may be one of
Formulae 3-5 to 3-11 and 3-14 to 3-19.

In some embodiments, in Formula 1,

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

aand b are each independently O or 1;
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[0108] The amine-based compound may be one of Com-
pounds 1 to 7 illustrated below, but is not limited thereto:

OQ
g0
QOQ
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[0109] Formula 1 has, as a linking group between “carba-
zole” and “N”, phen-1,3-ylene (i.e., 1,3-phenylene) that is
substituted or unsubstituted with at least one R; (see Formula
1" below). Due to the inclusion of phen-1,3-ylene, the amine-
based compound represented by Formula 1 has a high lowest
unoccupied molecular orbital (LUMO) energy level and a
large energy band gap. Accordingly, when the amine-based
compound represented by Formula 1 is used (utilized) in a
hole transport region, the flow of electrons from an emission
layer to the hole transport region is reduced or prevented,
thereby enabling the production of an organic light-emitting
device having high luminescent efficiency.

Formula 1’
Rl R2
251
7

Z\20 \ / Zis /(Ll)a_Arl AIZ\':L\Z)b
YATYS >—

Zig _

VAV EVAT;
Rs)y x Ry
phen-1,3-ylene

[0110] Since the amine-based compound represented by

Formula 1 has a fluorene ring, a high hole mobility may be
obtained. Accordingly, even when a layer having the amine-
based compound is formed as a thick film between an anode
and a cathode, the driving voltage of an organic light-emitting
device may not substantially increase.

[0111] Thus, an organic light-emitting device using (utiliz-
ing) the amine-based compound represented by Formula 1
may have high efficiency, high brightness, and long lifespan.
[0112] The amine-based compound represented by For-
mula 1 may be synthesized by using (utilizing) a suitable

Oct. 1, 2015

organic synthesis method. A synthesis method of the amine-
based compound should be apparent to one of ordinary skill in
the art in view of the following embodiments.

[0113] The amine-based compound of Formula 1 may be
used (utilized) between a pair of electrodes of an organic
light-emitting device. For example, the amine-based com-
pound may be used (utilized) in at least one selected from a
hole injection layer, a hole transport layer, and a functional
layer having a hole injection capability, and a hole transport
capability.

[0114] Accordingly, an organic light-emitting device
according to an embodiment includes: a first electrode; a
second electrode facing the first electrode; and an organic
layer that is disposed between the first electrode and the
second electrode and includes an emission layer, wherein the
organic layer includes at least one of the amine-based com-
pounds described above.

[0115] The expression “(an organic layer) includes at least
one amine-based compounds” used herein may include a case
in which “(an organic layer) includes one amine-based com-
pound of Formula 1, and acase in which two or more different
amine-based compounds of Formula 1 are included.

[0116] For example, the organic layer may include, as the
amine-based compound, only Compound 1. In this regard,
Compound 1 may existin a hole transport layer of the organic
light-emitting device. In other embodiments, the organic
layer may include, as the amine-based compound, Compound
1 and Compound 2. In this regard, Compound 1 and Com-
pound 2 may exist in an identical layer (for example, Com-
pound 1 and Compound 2 may both exist in a hole transport
layer), or different layers (for example, Compound 1 may
exist in a hole transport layer and Compound 2 may exist in an
emission layer).

[0117] The organic layer includes i) a hole transport region
that is disposed between the first electrode and the emission
layer, and includes at least one selected from a hole injection
layer, a hole transport layer, a functional layer having a hole
injection capability and a hole transport capability, a buffer
layer, and an electron blocking layer; and ii) an electron
transport region that is disposed between the emission layer
and the second electrode, and includes at least one selected
from a hole blocking layer, an electron transport layer, and an
electron injection layer. In this regard, the hole transport
region may include the amine-based compound. The hole
transport region may further include a p-dopant. In some
embodiments, the hole transport region includes a hole trans-
port layer, which includes the amine-based compound.
[0118] The term “organic layer” used herein refers to a
single layer and/or a plurality of layers disposed between the
first electrode and the second electrode of an organic light-
emitting device.

[0119] Thedrawing is a schematic view of an organic light-
emitting device 10 according to an embodiment. Hereinafter,
the structure of an organic light-emitting device according to
an embodiment and a method of manufacturing an organic
light-emitting device according to an embodiment will be
described in connection with the drawing.

[0120] For use (usage) as the substrate 11, any suitable
substrate that is used (utilized) in general organic light-emit-
ting devices may be used (utilized), and the substrate 11 may
be a glass substrate or a transparent plastic substrate, each
with excellent mechanical strength, thermal stability, trans-
parency, surface smoothness, ease of handling, and water-
resistance.
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[0121] The first electrode 13 may be formed by, for
example, depositing or sputtering a material for the first elec-
trode on the substrate 11. When the first electrode 13 is an
anode, the material for the first electrode 110 may be selected
from materials with a high work function to allow holes to
enter easily. The first electrode 13 may be a reflective elec-
trode or a transmissive electrode. The material for the first
electrode 120 may be a transparent and highly conductive
material, and examples of such a material are indium tin oxide
(ITO), indium zinc oxide (IZO), tin oxide (Sn0O,), and zinc
oxide (ZnO). In some embodiments, when magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), or magnesium-silver (Mg—
Ag)is used (utilized), the first electrode 13 may be formed as
a reflective electrode.

[0122] The first electrode 13 may have a single-layer struc-
ture, or a multi-layer structure including two or more layers.
For example, the first electrode 13 may have a three-layered
structure of ITO/Ag/ITO, but the structure of the first elec-
trode 110 is not limited thereto.

QZQ?QZQ
ol

-MTDAT.
[0123] The organic layer 15 is disposed on the first elec- mMIDATS

trode 13.

[0124] The organic layer 15 may include a hole injection
layer, a hole transport layer, a buffer layer, an emission layer,
an electron transport layer, and an electron injection layer.

[0125] A hole injection layer (HIL) may be formed on the
first electrode 13 by using (utilizing) various suitable meth-
ods, such as vacuum deposition, spin coating, casting, lang-
muir-blodgett (LB) deposition, or the like.

[0126] When the hole injection layer is formed by vacuum
deposition, the deposition conditions may vary according to
the material that is used (utilized) to form the hole injection
layer, and the structure and thermal characteristics of the hole
injection layer. For example, the deposition conditions may
include a deposition temperature of about 100 to about 500°
C., a vacuum pressure of about 107% to about 10~ torr, and a
deposition rate of about 0.01 to about 100 A/sec. However,
the deposition conditions are not limited thereto.

Ve
:
sVopole
sHENe

[0127] When the hole injection layer is formed using (uti-
lizing) spin coating, coating conditions may vary according to
the material used (utilized) to form the hole injection layer,
and the structure and thermal properties of the hole injection
layer. For example, a coating speed may be from about 2000
rpm to about 5000 rpm, and a temperature at which a heat
treatment is performed to remove a solvent after coating may
be from about 80° C. to about 200° C. However, the coating
conditions are not limited thereto.

TDATA

o

[0128] For use (usage) as a hole injection material, any
suitable hole injection material may be used (utilized), and
examples of suitable hole injection materials are N,N'-diphe-
nyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-

4,4'-diamine (DNTPD), a phthalocyanine compound (such as
copper phthalocyanine), 4,4',4"-tris(3-methylphenylpheny-
lamino) triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-
N,N'-diphenylbenzidine (NPB), TDATA, 2-TNATA, a polya-
niline/dodecylbenzenesulfonic acid (pani/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonicacid (pani/CSA), and
(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS), but they
are not limited thereto. 2-TNATA

2
Qo8
0“%
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[0129] Insome embodiments, the hole injection layer may
include the amine-based compound represented by Formula
1, but may instead include other materials.

[0130] A thickness of the hole injection layer may be in a
range of about 100 A to about 10,000 A, for example, about
100 A to about 1000 A. In one embodiment, when the thick-
ness of the hole injection layer is within the ranges described
above, excellent electron injection characteristics are
obtained without a substantial increase in driving voltage.

[0131] Then, a hole transport layer (HTL) may be formed
on the hole injection layer by using (utilizing) vacuum depo-
sition, spin coating, casting, or LB. When the hole transport
layer is formed by vacuum deposition or spin coating, the
deposition or coating conditions may be similar to those
applied to form the hole injection layer although the deposi-
tion or coating conditions may vary according to the material
that is used (utilized) to form the hole transport layer.

[0132] As a suitable hole transport material, the amine-
based compound represented by Formula 1 may be used
(utilized).

[0133] A thickness of the hole transport layer may be in a
range of about 50 A to about 2,000 A, for example, about 100
A to about 1,500 A. In one embodiment, when the thickness
of the hole transport layer is within these ranges, the hole
transport layer has satisfactory hole transporting ability with-
out a substantial increase in driving voltage.

[0134] Insome embodiments, instead of the hole injection
layer and the hole transport layer, a functional layer (herein-
after referred to as an H-functional layer) having a hole injec-
tion capability and a hole transport capability may include at
least one material selected from the materials used (utilized)
to form the hole injection layer and at least one material
selected from the materials used (utilized) to form the hole
transport layer, and a thickness of the H-functional layer may
be in a range of about 100 A to about 10000 A, for example,
about 100 A to about 1000 A. In one embodiment, when the
thickness of the H-functional layer is within these ranges,
satisfactory hole injection and transport characteristics are
obtained without a substantial increase in driving voltage.

[0135] In some embodiments, the H-functional layer may
include the amine-based compound represented by Formula
1, but may instead include other materials.

[0136] The hole transport region may include at least one
selected from the hole injection layer, the hole transport layer,
and the H-functional layer, and may further include a charge-
generation material to increase the conductivity of a respec-
tive layer, in addition to such suitable hole injection materials,
suitable hole transport materials, and/or suitable materials
having both hole injection and hole transport capabilities.

[0137] The charge-generation material may be, for
example, a p-dopant. The p-dopant may be one of a quinone
derivative, a metal oxide, and a cyano group-containing com-
pound, but is not limited thereto. Non-limiting examples of
the p-dopant are a quinone derivative (such as tetracyano-
quinonedimethane (TCNQ) or 2,3,5,6-tetrafluoro-tetracy-
ano-1.4-benzoquinonedimethane (F4-TCNQ)); a metal
oxide (such as tungsten oxide or molybdenium oxide); and a
cyano group-containing compound (such as Compound 200
below), but are not limited thereto.
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Compound 200

NC

CN

NC

NC CN

NC CN

F
F4-TCNQ

[0138] When the hole injection layer, the hole transport
layer or the H-functional layer further includes a charge-
generation material, the charge-generation material may be
homogeneously dispersed or non-homogeneously distributed
in the hole injection layer, the hole transport layer, or the
H-functional layer.

[0139] A buffer layer may be disposed between the emis-
sion layer and at least one selected from the hole injection
layer, the hole transport layer, and the H-functional layer.
Also, the buffer layer may compensate for an optical reso-
nance distance according to a wavelength of light emitted
from the emission layer, and thus, efficiency of a formed
organic light-emitting device may be improved. The buffer
layer may include a suitable hole injection material and a hole
transport material. Also, the buffer layer may include a mate-
rial that is identical to one of the materials included in the hole
injection layer, the hole transport layer, and the H-functional
layer disposed under the buffer layer.

[0140] Subsequently, an emission layer (EML) may be
formed on the hole transport layer, the H-functional layer, or
the buffer layer by spin coating, casting, or an LB method.
When the emission layer is formed by vacuum deposition or
spin coating, the deposition and coating conditions may be
similar to those for the formation of the hole injection layer,
though the conditions for deposition and coating may vary
according to the material that is used (utilized) to form the
emission layer.

[0141] Theemission layer may include ahostand a dopant.
The dopant may include at least one selected from a fluores-
cent dopant and a phosphorescent dopant. The phosphores-
cent dopant may be an organometallic compound including
Ir, Pt, Os, Ti, Zr, Hf, Eu, Tb, or Tm.

[0142] When the organic light-emitting device is a full
color organic light-emitting device, the emission layer may
be patterned into ared emission layer, a green emission layer,
and a blue emission layer. In some embodiments, the emis-
sion layer may have a stacked structure of two or more layers
of a red emission layer, a green emission layer, and a blue
emission layer, but is not limited thereto.
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[0143] Also, at least one selected from the red emission _continued

layer, the green emission layer, and the blue emission layer — — — —
may include the dopants  described  below
(ppy=phenylpyridine).

[0144] For example, compounds illustrated below may be
used (utilized) as a blue dopant, but the blue dopant is not
limited thereto.
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[0145] For example, compounds illustrated below may be
used (utilized) as a red dopant, but the red dopant is not
limited thereto. According to one embodiment, the red dopant
may be DCM or DCJTB.

2
[r(pq)s(acac)
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[0146] For example, compounds illustrated below may be
used (utilized) as a green dopant, but the green dopant is not
limited thereto. In some embodiments, the green dopant may

be C545T.

B [
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Ir(fliq)s(acac)
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[0147] Also, the dopant available for use (usage) in the
emission layer may be a complex described below, but is not
limited thereto:
D1
D7
D2
D8
D3
Do
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D10
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[0148] Also, the dopant available for use (usage) in the
emission layer may be an Os-complex described below, but is

not limited thereto:
D46

Os(fppz)2(CO)



US 2015/0280134 Al

-continued

\N/| \N Ny

| PhoMe \
P N=<

CF;
Os(fptz)>(PPhoMe)y
CsF
PhMe,
N N P N
AN \ (|) S / x
\N/}[ \N Ny
| PhMe, \
/ N
CsF,

Os(hptz),(PPhyMes )y

[0149] For use (usage) as a host for the emission layer, at
least one of any suitable hosts may be used (utilized).
Examples of suitable hosts are Alq,, 4,4'-N,N'-dicarbazole-
biphenyl (CBP), PVK, 9,10-di(naphthalene-2-yl)anthracene
(ADN), TCTA, 1,3,5-tris(N-phenylbenzimidazole-2-yl)ben-
zene (TPBI), 3-tert-butyl-9,10-di(naphth-2-yl) anthracene
(TBADN), mCP, and OXD-7, but are not limited thereto.

N

N

U

PVK
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[0150] In some embodiments, a carbazole-based com-

pound represented by Formula 10 may be used (utilized) as a
host.

Formula 10

/

1|
(Ro)q (Roz), N TR,

,\\/ (Ros),

Roa);

[0151] wherein in Formula 10,

[0152] Ar,, may be a substituted or unsubstituted C,-Cg,
alkylene group, a substituted or unsubstituted C,-Cg,, alk-
enylene group, —C(—O0)}—, —N(R,,o)— (Where R, is a
substituted or unsubstituted C4-Cy, aryl group or a substituted
or unsubstituted C,-Cg, heteroaryl group), a substituted or
unsubstituted C4-C,, arylene group, or a substituted or
unsubstituted C,-Cg, heteroarylene group;

[0153] pisan integer selected from 0 to 7,

[0154] R, to Rys may be each independently a hydrogen, a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cy, alkyl group, a substituted or unsubsti-
tuted C,-Cg, alkenyl group, a substituted or unsubstituted
C,-Cg alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C,;-C,,
cycloalkyl group, a substituted or unsubstituted C;-C,
cycloalkenyl group, a substituted or unsubstituted C3-C,,
heterocycloalkyl group, a substituted or unsubstituted C5-C,
heterocycloalkenyl group, a substituted or unsubstituted
C¢-Cyo aryl group, a substituted or unsubstituted C,-Cy, ary-
loxy group, a substituted or unsubstituted C4-Cy, arylthio
group, or a substituted or unsubstituted C,-C, heteroaryl
group, wherein two neighboring substituents selected from
Ry, to Rge may bind to each other to selectively form a sub-
stituted or unsubstituted C,-C,, alicyclic group, a substituted
or unsubstituted C,-C,; hetero alicyclic group, a substituted
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or unsubstituted C4-C,, aromatic group, or a substituted or
unsubstituted C,-C,, hetero aromatic group; and

[0155] q, 1, s, t, u and v may be each independently an
integer selected from 1 to 4.

[0156] Ar,, in Formula 10 may be a C,-C, alkylene group,
a C,-Cs alkenylene group, —C(—0)—, or —N(R,o)}—
R, may be selected from:

[0157] a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group; and

[0158] a phenyl group, a naphthyl group, an anthryl group,
a fluorenyl group, a carbazolyl group, a pyridinyl group, a
pyrimidinyl group, and a triazinyl group, each substituted
with at least one selected from a deuterium, —F, —CI, —Br,
—1I, ahydroxyl 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 phe-

(2 N
3000
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nyl group, a naphthyl group, an anthryl group, a fluorenyl
group, a carbazolyl group, a pyridinyl group, a pyrimidinyl
group, and a triazinyl group.

[0159] R, toR,,inFormula 10 may be each independently
selected from:
[0160] ahydrogenatom, adeuterium, —F, —Cl,—Br, —I,

a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and aC, -C,, alkoxy group; and
[0161] a C,-C,, alkyl group and a C,-C,, alkoxy group,
each substituted with at least one selected from a deuterium,
—F, —Cl1,—Br, —I, ahydroxyl group, a cvano group, a nitro
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic acid group or a salt thereof,
a sulfonic acid group or a salt thereof, and a phosphoric acid
group or a salt thereof.

[0162] The carbazole-based compound may be one of the
compounds H1 to H30 below, but is not limited thereto:

H2

B
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[0163] When the emission layer includes a host and a
dopant, an amount of the dopant may be in a range of about
0.01 to about 15 parts by weight based on 100 parts by weight
of the host, but is not limited thereto.

[0164] A thickness of the emission layer may be in a range
ofabout 100 A to about 1,000 A, for example, about 200 A to
about 600 A. In one embodiment, when the thickness of the
emission layer is within these ranges, excellent light-emis-
sion characteristics are obtained without a substantial
increase in driving voltage.

[0165] Next, an electron transport layer (ETL) is formed on
the emission layer by using (utilizing) various suitable meth-
ods, for example, vacuum deposition, spin coating, or casting.
When the electron transport layer is formed using (utilizing)
vacuum deposition or spin coating, the deposition and coating
conditions may be similar to those for the formation of the
hole injection layer, though the conditions for deposition and
coating may vary according to the material that is used (uti-
lized) to form the electron transport layer. A material for
forming the electron transport layer may stably transport
electrons provided from an electron injection electrode (cath-
ode), and may be a suitable electron transportation material.
Examples of suitable electron transport materials are a quino-
line derivative, such as tris(8-quinolinolatejaluminum (Alg,),
TAZ, Balq, beryllium bis (benzoquinolin-10-olate) (Bebq,),
ADN, Compound 201, and Compound 202, but are not lim-
ited thereto.

28
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Compound 202

BCP

[0166] A thickness of the electron transport layer may be in
a range of about 100 A to about 1,000 A, for example, about
150 A to about 500 A. In one embodiment, when the thickness
of the electron transport layer is within the ranges described
above, the electron transport layer has satisfactory electron
transport characteristics without a substantial increase in
driving voltage.

[0167] Also, the electron transport layer may include, in
addition to an electron transport organic compound, a metal-
containing material.

[0168] The metal-containing material may include a Li
complex. Non-limiting examples of the Li complex are
lithium quinolate (LiQ) and Compound 203 illustrated
below:

Compound 203

29
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[0169] Then, anelectron injection layer (EIL), which facili-
tates injection of electrons from the cathode, may be formed
on the electron transport layer. Any suitable electron injection
material may be used (utilized) to form the electron injection
layer.

[0170] Non-limiting examples of materials for forming the
electron injection layer are LiF, NaCl, CsF, Li,O, and BaO,
which are known in the art. The deposition conditions of the
electron injection layer may be similar to those used (utilized)
to form the hole injection layer, although the deposition con-
ditions may vary according to the material that is used (uti-
lized) to form the electron injection layer.

[0171] A thickness of the electron injection layer may be in
a range of about 1 A to about 100 A, for example, about 3 A
to about 90 A. In one embodiment, when the thickness of the
electron injection layer is within the ranges described above,
the electron injection layer has satisfactory electron injection
characteristics without a substantial increase in driving volt-
age.

[0172] The second electrode 17 is disposed on the organic
layer 15. The second electrode may be a cathode that is an
electron injection electrode, and in this regard, a metal for
forming the second electrode 17 may be a material having a
low work function, and such a material may be metal, an
alloy, an electrically conductive compound, or a mixture
thereof. For example, lithium (Li), magnesium (Mg), alumi-
num (Al), aluminum-lithium (Al—Li), calcium (Ca), mag-
nesium-indium (Mg—In), or magnesium-silver (Mg—Ag)
may be formed as a thin film to obtain a transmissive elec-
trode. Also, to manufacture a top emission light-emitting
device, a transmissive electrode may be formed using (utiliz-
ing) ITO or 1Z0.

[0173] Hereinbefore, the organic light-emitting device has
been described with reference to the drawing, but is not lim-
ited thereto.

[0174] In addition, when a phosphorescent dopant is used
(utilized) in the emission layer, a triplet exciton or a hole may
diffuse to the electron transport layer. To reduce or prevent the
diffusion, a hole blocking layer (HBL) may be formed
between the hole transport layer and the emission layer or
between the H-functional layer and the emission layer by
vacuum deposition, spin coating, casting, LB deposition, or
the like.

[0175] When the hole blocking layer is formed by vacuum
deposition or spin coating, the deposition or coating condi-
tions may be similar to those applied to form the hole injec-
tion layer, although the deposition or coating conditions may
vary according to the material that is used (utilized) to form
the hole blocking layer. A hole blocking material may be any
one of suitable hole blocking materials, and examples thereof
are an oxadiazole derivative, a triazole derivative, a phenan-
throline derivative, and so on. For example, BCP illustrated
below may be used (utilized) as the hole-blocking material.
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BCP

[0176] A thickness of the hole blocking layer may be in a
range of about 20 A to about 1,000 A, for example, about 30
A to about 300 A. In one embodiment, when the thickness of
the hole blocking layer is within these ranges, the hole block-
ing layer has excellent hole blocking characteristics without a
substantial increase in driving voltage.

[0177] Hereinafter, an organic light-emitting device
according to an embodiment is described in more detail with
reference to Synthesis Examples and Examples. However, the
organic light-emitting device is not limited thereto.

[0178] TheC,-Cq, alkyl group used herein refers to alinear
or branched C,-Cy, alkyl group, such as a methyl group, an
ethyl group, a propyl group, an isobutyl group, a sec-butyl
group, a pentyl group, an iso-amyl group, or a hexyl group;
and the substituted C,-C, alkyl group is formed by substi-
tuting at least one hydrogen atom of the C,-Cy, alkyl group
with one selected from a deuterium, —F, —CI, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group ora 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,-Cgp alkynyl group, a C,-Cy, aryl group, a C,-Cg, het-
eroaryl group, —N(Q;;)(Qy5), —S1(Q13)(Q14)(Qy5), and
B(Q,6)(Q;,) (where Q,, to Q,, may be each independently
selected from a hydrogen, a C,-Cq, alkyl group, a C,-Cg,
alkenyl group, a C,-Cy, alkynyl group, a C4-C, aryl group,
and a C,-Cg, heteroaryl group).

[0179] The C,-C, alkoxy group used herein refers to a
group represented by the formula -OA (wherein A is the
C,-Cg, alkyl group described above), and non-limiting
examples thereof are a methoxy group, an ethoxy group, and
an isopropyloxy group, and one or more hydrogen atoms of
these alkoxy groups may be substituted with the same sub-
stituents as described in connection with the substituted
C,-Cg alkyl group.

[0180] The C,-Cq, alkenyl group used herein refers to a
C,-Cgp alkyl group that has at least one carbon-carbon double
bond in the middle or end thereof. Examples thereof are an
ethenyl group, a prophenyl group, and a butenyl group. At
least one hydrogen atom of these C,-C, alkenyl groups may
be substituted with the same substituents as described in
connection with the substituted C,-C, alkyl group.

[0181] The C,-Cq, alkynyl group used herein refers to a
C,-Cg, alkyl group that has at least one carbon-carbon triple
bond in the middle or end thereof. Examples of the C,-Cy,
alkynyl group are an ethynl group and a propynyl group. One
or more hydrogen atoms of these alkynyl groups may be
substituted with the same substituents as described in con-
nection with the substituted C,-C, alkyl group.

[0182] The C,-Cq, arvl group used herein refers to a
monovalent group having a carbocyclic aromatic system hav-
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ing 6 to 60 carbon atoms including at least one aromatic ring.
The unsubstituted C4-Cg, arylene group is a divalent group
having a carbocyclic aromatic system having 6 to 60 carbon
atoms including at least one aromatic ring. When the aryl
group and the arylene group have at least two rings, they may
be fused to each other. One or more hydrogen atoms of the
aryl group and the arylene group may be substituted with the
same substituents as described in connection with the substi-
tuted C,-Cy, alkyl group.

[0183] The C,-Cq, heteroaryl group used herein refers to a
monovalent group having a system constituted with one or
more aromatic rings having at least one hetero atom selected
from nitrogen (N), oxygen (O), phosphorous (P), silicon (Si),
and sulfur (S) as the ring-forming atom, and carbon atoms as
the remaining ring-forming atoms.

[0184] The C,-C, heteroarylene group used herein refers
to a divalent group having a system constituted with one or
more aromatic rings having at least one hetero atom selected
from nitrogen (N), oxygen (O), phosphorous (P), silicon (Si),
and sulfur (S) as the ring-forming atom, and carbon atoms as
the remaining ring-forming atoms. In this regard, when the
heteroaryl group and the heteroarylene group each include
two or more rings, the rings may be fused to each other. One
or more hydrogen atoms of the heteroaryl group and the
heteroarylene group may be substituted with the same sub-
stituents as described in connection with the substituted
C,-Cy, alkyl group.

[0185] Examples of the C,-Cg, heteroaryl group are a pyra-
zolyl group, an imidazolyl group, an oxazolyl group, a thia-
zolyl group, a triazolyl group, a tetrazolyl group, an oxadia-
zolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolinyl group, an isoquinolinyl group, a
benzoan imidazolyl group, an imidazo pyridinyl group, and
an imidazo pyrimidinyl group. Examples of the unsubstituted
C,-C hetroarylene group may be easily understood by refer-
ring to examples of the substituted or unsubstituted C,-Cy,
heteroaryl group.

[0186] The C4-Cq, aryloxy group used herein refers to a
group represented by the formula -OA, (wherein A, is the
Cs-Cg aryl group), and a Cy-Cg, arylthio group used herein
refers to a group represented by the formula -SA; (wherein A,
is the C¢-Coq aryl group).

EXAMPLE
Synthesis Example 1

Synthesis of Compound 1
[0187]

Triisopropyl borate
L
2.5M n-BuLi/Ether

2N HCI
O O :

Intermediate 1(1)
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-continued -continued
Br

.

Intermediate 1(2)
Br Intermediate 1

Pd(PPh3)4/NaOH
— -
Br THE/H20
reflux
Pd;(dba)3/P {t-Bu)3
Q NaOt BuwToluene

‘/} L

Q'O “ Q

Intermediate 1-1

Pd2(dba)3/P(t Bu)3 Compound 1
NaOt Buw/Toluene
reflux

Intermediate 1-2

Synthesis of Intermediate 1(2)

[0188] Intermediate 1(1) (1 eq.) was dissolved in an anhy-
drous ether, the temperature of the reaction product was
dropped to =78° C., n-BuLi (2.5 M in hexane) (1.1 eq.) was
slowly added dropwise thereto, and the reaction product was
stirred for 30 minutes. Then, the reaction product was cooled
to a temperature of -78° C., triisopropylborate (1.5 eq.) was

added dropwise thereto, the resultant product was stirred at
room temperature, and then diluted by using (utilizing) water.
2N HCI was added thereto. When the reaction stopped, an
organic layer extracted by using (utilizing) ethyl acetate and

Intermediate 1-3 water was dried with MgSO,, concentrated, and then, silica-
gel column chromatography was performed on the obtained
organic material, which was then re-crystallized to obtain
Intermediate 1(2).
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Synthesis of Intermediate 1(3)

[0189] Intermediate 1(2) (1 eq.) was dissolved in THF, and
then, 1,3-dibromobenzene (1.1 eq.), Pd(PPhs), (0.03 eq.),
NaOH(3 eq.), and water were added thereto. The mixture was
refluxed while being stirred. When the reaction stopped, an
organic layer extracted by using (utilizing) ether and water
was dried and concentrated by using (utilizing) MgSQ,, and
then, silicagel column chromatography was performed on the
obtained organic material, which was then re-crystallized to
obtain Intermediate 1(3).

Synthesis of Intermediate 1-3

[0190] Intermediate 1-1 (1 eq.), Intermediate 1-2 (1.1 eq.),
Pd,(dba), (0.05 eq.), P(t-Bu), (0.1 eq.), NaOt-Bu (3 eq.), and
toluene (10.5 mL/1 mmol starting material) were added to a
round-bottomed flask, and then, reacted with each other at a
temperature of 100° C. When the reaction stopped, an organic
layer extracted by using (utilizing) ether and water was dried
and concentrated by using (utilizing) MgSO,, and then, sili-

Intermediate 1(3)

Oct. 1, 2015

cagel column chromatography was performed on the
obtained organic material, which was then re-crystallized to
obtain Intermediate 1-3.

Synthesis of Compound 1

[0191] Intermediate 1(3) (1 eq.), Intermediate 1-3 (1.1 eq.),
Pd,(dba), (0.05 eq.), P(t-Bu); (0.1 eq.), NaOt-Bu (3 eq.), and
toluene (10.5 mL/1 mmol starting material) were added to a
round-bottomed flask, and then, the reaction was performed
thereon at a temperature of 100° C. When the reaction
stopped, an organic layer extracted by using (utilizing) ether
and water was dried and concentrated by using (utilizing)
MgSQ,, and then, silicagel column chromatography was pet-
formed on the obtained organic material, which was then
re-crystallized to obtain Compound 1.

Synthesis Example 2

Synthesis of Compound 2

<0

9ig
o0
9

Compound 2

[0192]

Pd2(dba)3/P(t-Bu)3
———————————————
NaOt-Bu/Toluene
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[0193] Intermediate 2-3 was synthesized in the same man-
ner as used (utilized) to synthesize Intermediate 1-3 in Syn-
thesis Example 1, except that in synthesizing Intermediate
1-3, 2-(4-bromophenyl)naphthalene was used (utilized)
instead of Intermediate 1-2. Compound 2 was synthesized in
the same manner as used (utilized) to synthesize Compound 1
in Synthesis Example 1 except that in synthesizing Com-
pound 1, Intermediate 2-3 was used (utilized) instead of Inter-
mediate 1-3.

Synthesis Example 3

Synthesis of Compound 3
[0194]

2
N
Pd2(dba)3/P(t-Bu)3
+ N
NaOt-Buw/Toluene

Intermediate 3(3) Inermediate 2.3

Compound 3
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[0195] Intermediate 3(3) was synthesized in the same man- -continued
ner as used (utilized) to synthesize Intermediate 1(3) in Syn-
thesis Example 1, except that in synthesizing Intermediate
1(3), Intermediate 3(1) was used (utilized) instead of Inter-
mediate 1(1). Intermediate 2-3 was synthesized in the same _Pd2dba)iPE-Bw)3
manner as used (utilized) to synthesize Intermediate 1-3 in NaOuBuToluene

Synthesis Example 1, except that in synthesizing Intermedi-
ate 1-3, 2-(4-bromophenyl)naphthalene was used (utilized)
instead of Intermediate 1-2. Compound 3 was synthesized in

o . Int diate 1-3
the same manner as used (utilized) to synthesize Compound 1 crmedidte -

in Synthesis Example 1, except that in synthesizing Com-
pound 1, Intermediate 3(3) and Intermediate 2-3 were respec-
tively used (utilized) instead of Intermediate 1(3) and Inter-
mediate 1-3.
Intermediate 3(1)
] Br
Compound 4

Hesi | [0197] Intermediate 4(3) was synthesized in the same man-

Synthesis Example 4 ner as used (utilized) to synthesize Intermediate 1(3) in Syn-

thesis Example 1. except that in synthesizing Intermediate

Synthesis of Compound 4 1(3), Intermediate 4(1) was used (utilized) instead of Inter-

mediate 1(1). Compound 4 was synthesized in the same man-

[0196] ner as used (utilized) to synthesize Compound 1 in Synthesis

Example 1 except that in synthesizing Compound 1, Interme-
diate 4(3) was used (utilized) instead of Intermediate 1(3).

Br,
Q Intermediate 4(1)
+
¥ O pr

Intermediate 4(3)
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Synthesis Example 5
Synthesis of Compound 5
[0198]

Br

N Q

Intermediate 5(3)

G0

Intermediate 1-3

.;j
“

Compound 5

PdZ(dba)J/P(t Bu)3
NaOt Buw/Toluene

[0199] Intermediate 5(3) was synthesized in the same man-
ner as used (utilized) to synthesize Intermediate 1(3) in Syn-
thesis Example 1, except that in synthesizing Intermediate
1(3), Intermedlate 5(1) was used (utilized) instead of Inter-
mediate 1(1). Compound 5 was synthesized in the same man-
ner as used (utilized) to synthesize Compound 1 in Synthesis
Example 1 except that in synthesizing Compound 1, Interme-
diate 5(3) was used (utilized) instead of Intermediate 1(3).
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Intermediate 5(1)

Br

N Q

HiC

Synthesis Example 6
Synthesis of Compound 6

[0200]

Intermediate 6(3)

PdZ(dba)g/Ptt Bu)3
NaOt Buw/Toluene

Intermediate 1-3

Compound 6
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[0201] Intermediate 6(3) was synthesized in the same man- _continued
ner as used (utilized) to synthesize Intermediate 1(3) in Syn-
thesis Example 1, except that in synthesizing Intermediate
1(3), Intermediate 6(1) was used (utilized) instead of Inter-
mediate 1(1). Compound 6 was synthesized in the same man-
ner as used (utilized) to synthesize Compound 1 in Synthesis
Example 1 except that in synthesizing Compound 1, Interme-

diate 6(3) was used (utilized) instead of Intermediate 1(3).
Intermediate 6(1) %\q
: Br

Compound 7
Synthesis Example 7
Synthesis of Compound 7

[0202] [0203] Compound 7 was synthesized in the same manner as
used (utilized) to synthesize Compound 1 of Synthesis
Example 1, except that Intermediate 3(3) was used (utilized)

instead of Intermediate 1(3).

Br,
Example 1

Q [0204] An anode was prepared by cutting a substrate (with
ITO/Ag/NTO having a thickness of 70/1000/70 A deposited
* thereon) to a size of 50 mmx50 mmx0.7 mm, vltrasonically
N cleaning the glass substrate by using (utilizing) isopropyl

alcohol for 5 minutes and pure water for S minutes, irradiating
UV light for 30 minutes thereto and exposing to ozone to
clean. Then, the anode was loaded into a vacuum deposition

apparatus.

Int diate 3(3
emediate 36) [0205] Compound 1 was deposited on the structure of ITO/

Ag/1TO (anode) to form a hole transport layer having a thick-
ness of 1400 A, and then, ADN (host) and BD1(dopant) were
co-deposited on the hole transport layer at a ratio of 97:3 to

O Q form an emission layer having a thickness of 200 A.

[0206] Compound 201 and LiQQ were deposited at a weight
. _Pd2(dba)3/P-Bu)s ratio of 1:1as an electron transport compound on the emission
O Q O NeOrBuToluene layer to form an electron transport layer having a thickness of
360 A, LQ was deposited on the electron transport layer to
form an electron injection layer having a thickness of 5 A, and
Mg and Ag were deposited on the electron injection layer at a
Intermediate 1-3 weight ratio of 90:10 to form a cathode having a thickness of
130 A, thereby completing the manufacture of an organic
light-emitting device.
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)
80

Example 2

Z,

BD1

[0207] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that in forming a
hole transport layer, Compound 2 was used (utilized) instead
of Compound 1.

Example 3

[0208] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that in forming a
hole transport layer, Compound 3 was used (utilized) instead
of Compound 1.

Comparative Example 1

[0209] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that in forming a
hole transport layer, Compound A was used (utilized) instead
of Compound 1.

Comparative Example 2

[0210] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that in forming a
hole transport layer, Compound B was used (utilized) instead
of Compound 1.

Evaluation Example 1

[0211] The driving voltage, current density, brightness,
power, and color purity of the organic light-emitting devices
manufactured according to Examples 1 to 3 and Comparative
Examples 1 and 2 were measured by using (utilizing) Kethley
SMU 236 and a brightness photometer PR650.

TABLE 1
Material
for Current
hole Driving density Bright- Power
transport  voltage  (mA/ ness  (Im/
layer V) em?)  (ed/A) W) CIEx CIE y
Example Compound 4.1 10.7 6.8 5.2 0142 0.054
1 1
Example Compound 3.8 10.5 6.7 5.6  0.141 0.054
2 2
Example Compound 4.2 10.5 6.8 5.0 0.142 0.055

3 3
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TABLE 1-continued

Material

for Current

hole Driving density Bright- Power

transport  voltage  (mA/ ness  (Im/

layer V) em?)  (ed/A) W) CIEx CIE_y
Com- Compound 4.6 11.4 5.9 40 0140 0.051
parative A
Example

1

Com- Compound 3.1 149 53 33 0.135 0.060
parative B
Example

2

9 Q
Q.
Q 0.0

o
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TABLE 1-continued

Material

for

Current

hole Driving density Bright- Power

transport  voltage  (mA/ ness  (Im/

layer

O
J

&

o

N

s e
9,
O

3
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TABLE 1-continued

Material
for Current
hole Driving density Bright- Power
transport  voltage  (mA/ ness  (Im/
layer V) em?)  (ed/A) W) CIEx CIE_y

(V)  md) (cd/A) W) CIEx CIE_y Q

~ 7

[0212] From Table 1 above, it was confirmed that the
organic light-emitting devices of Examples 1 to 3 had excel-
lent driving voltage, current density, brightness, power, and
color purity, compared with the organic light-emitting
devices of Comparative Examples 1 and 2.

[0213] An organic light-emitting device including the
amine-based compound according to an embodiment may
have a low driving voltage, high efficiency, high color purity,
and long lifespan.

[0214] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0215] While one or more embodiments of the present
invention have been described with reference to the drawing,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims, and equivalents
thereof.

What is claimed is:

1. An amine-based compound represented by Formula 1
below:

Formula 1

2
/ Zs /(Ll)a—Arl \(Lz)b
VATN >——N \

2177215
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wherein in Formula 1,

Z,,1sNorCR,,),Z;51s Nor C(R,,), Z;53is Nor C(R;),
Z,,isNorC(R ), Z,5isNorC(R;),Z,sis NorC(R, 4),
Z,71sNorC(R,),Z,g1sNorC(R ), Z,5is Nor C(R, ),
Z,ois Nor C(R,,), and Z,, is Nor C(R,,);

L, and L, are each independently a substituted or unsub-
stituted C;-C,,, cycloalkylene group, a substituted or
unsubstituted C,-C, , heterocycloalkylene group, a sub-
stituted or unsubstituted C,-C, , cycloalkenylene group,
a substituted or unsubstituted C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C4-Cg,
arylene group, a substituted or unsubstituted C,-Cy, het-
eroarylene group, a substituted or unsubstituted divalent
non-aromatic condensed polycyclic group, or a substi-
tuted or unsubstituted divalent non-aromatic condensed
heteropolycyclic group;

aand b are each independently an integer selected from O to
5;

Ar, and Ar, are each independently a substituted or unsub-
stituted C5-C, , cycloalkyl group, a substituted or unsub-
stituted C,-C, , heterocycloalkyl group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted
or unsubstituted C,-C,, heterocycloalkenyl group, a
substituted or unsubstituted C4-Cy, aryl group, a substi-
tuted or unsubstituted heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, or a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group;

R, toR,andR,, to R,, are each independently a hydrogen
atom, a deuterium, —F, —Cl, —Br, —]I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cq, alkyl
group, a substituted or unsubstituted C,-Cg, alkenyl
group, a substituted or unsubstituted C,-Cg, alkynyl
group, a substituted or unsubstituted C,-Cg, alkoxy
group, a substituted or unsubstituted C,-C, , cycloalkyl
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkyl group, a substituted or unsubstituted C,-C,,
cycloalkenyl group, a substituted or unsubstituted
C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C-Cqy, aryl group, a substituted or unsub-
stituted C,-Cy,, heteroaryl group, a substituted or unsub-
stituted C4-Cy, arvloxy group, a substituted or unsubsti-
tuted C4-Cq, arylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed
polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, 7N(Q1)(Q2)5 *Si(Qs)(Q:;)(Qs)s or *B(Qe)

Q7);

p is an integer selected from 1 to 4;

q is an integer selected from 1 to 3;

atleast one substituent of the substituted C,-C, , cycloalky-
lene group, the substituted C,-C,, heterocycloalkylene
group, the substituted C,-C,, cycloalkenylene group,
the substituted C,-C, , heterocycloalkenylene group, the
substituted C,-C, arylene group, the substituted C,-Cy,
heteroarylene group, the substituted divalent non-aro-
matic condensed polycyclic group, the substituted diva-
lent non-aromatic condensed heteropolycyclic group,
the substituted C,-C¢, alkyl group, the substituted
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C,-C¢, alkenyl group, the substituted C,-Cg, alkynyl
group, the substituted C,-Cg, alkoxy group, the substi-
tuted C,-C,, cycloalkyl group, the substituted C,-C,,
heterocycloalkyl group, the substituted C;-C,
cycloalkenyl group, the substituted C,-C,, heterocy-
cloalkenyl group, the substituted C,-Cg, aryl group, the
substituted C,-C, heteroaryl group, the substituted
Cs-Cqo aryloxy group. the substituted C4-Cy, arylthio
group, the substituted monovalent non-aromatic con-
densed polycyclic group, and the substituted monova-
lent non-aromatic condensed heteropolycyclic group is
selected from:

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

a C,-Cy, alkyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substi-
tuted with at least one selected from a deuterium, —F,
—Cl1,—Br,—I, ahydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group ora
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C5-C,,
cycloalkyl group, a C,-C,, heterocycloalkyl group, a
C;-C, cycloalkenyl group, a C,-C,, heterocycloalk-
enyl group, aCy-Cg, aryl group, a C,-C, aryloxy group,
a C4-Cy, arylthio group, a C,-Cg, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group,
amonovalent non-aromatic condensed heteropolycyclic

group, —N(Q)(Qr2), —Si(Q3)(Qu)(Q5). and
—B(Q16)(Qy7):

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C, , heterocy-
cloalkenyl group, a C4-Cg, aryl group, a Ce-C aryloxy
group, a C4-Cy, arylthio group, a C,-Cq, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic 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, , heterocy-
cloalkenyl group, a C4-Cg, aryl group, a C¢-C, aryloxy
group, a C,-Cg, arylthio group, a C,-Cy, heteroaryl
group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed
heteropolycyclic group, each substituted with at least
one selected from a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a 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,-Cq,
alkenyl group, a C,-Cy, alkynyl group, a C,-Cg, alkoxy
group, a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C,-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cp aryl group, a C4-Ce,
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

(Q23)(Q24)(Q15), and —B(Q4)(Q27); and
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—N(Q;)(Qs2),  —Si(Qs3)(Q34)(Qs5):

(Qs,), wherein

Q10 Q;, Q10 Qy7, Qy 10 Q7 and Q10 Qs; are each
independently a hydrogen, a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid 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,-C, alkynyl group,
a C,-Cq, alkoxy group, a C;-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C;-C, , cycloalkenyl
group, a C,-C, , heterocycloalkenyl group, a C4-Cy, aryl
group, a C,-Cg, heteroaryl group, a monovalent non-
aromatic condensed polycyclic group, or a monovalent
non-aromatic condensed heteropolycyclic group.

and  —B(Qs¢)

2. The amine-based compound of claim 1, wherein

Z,,1s .C(Rll)i 2y, is_C(Ru)s Zy3 i? CR3),Zyy i.s CR,y),
Zys 1 CRys5).Zs 1 CRy5).Z,51s C(Rw)s Z,3isCRy5),
2,518 C(Ryg), 25518 C(Ryy), and Z,, is C(R,)).

3. The amine-based compound of claim 1, wherein
L, and L, are each independently selected from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, a
quinolinylene group, a benzoquinolinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a carbazolylene group, and a triazinylene
group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, a
quinolinylene group, a benzoquinolinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a carbazolylene group, and a triazinylene
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid group or a salt thereof, a sulfonic acid group ora
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 phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, a quinoli-
nyl group, a benzoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a car-
bazolyl group, and a triazinyl group.

4. The amine-based compound of claim 1, wherein

aand b are each independently 0 or 1.
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5. The amine-based compound of claim 1, wherein

Ar, and Ar, are each independently selected from:

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthace-
nyl group, a picenyl group, a perylenyl group, a pen-
taphenyl group, a hexacenyl group, a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a purinyl group, a quinolinyl group, a ben-
zoquinolinyl group, a phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoimidazolyl group, a furanyl
group, a benzofuranyl group, a thiophenyl group, a ben-
zothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a benzooxazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and a benzocarbazolyl group; and

a phenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, an azulenyl group, a heptalenyl group,
an indacenyl group, an acenaphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthace-
nyl group, a picenyl group, a perylenyl group, a pen-
taphenyl group, a hexaceny! group, a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an inda-
zolyl group, a purinyl group, a quinolinyl group, a ben-
zoquinolinyl group, a phthalazinyl group, a naphthyridi-
nyl group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoimidazolyl group, a furanyl
group, a benzofuranyl group, a thiophenyl group, a ben-
zothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group. a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a benzooxazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, and a benzocarbazolyl group, each substituted
with at least one selected from a deuterium, —F, —Cl,
—Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C, alkoxy group. a C,-C,, aryl group, and
a C,-C,,, heteroaryl group.

6. The amine-based compound of claim 1, wherein

Ar, and Ar, are each independently selected from:

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
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cenyl group, a fluoranthenyl group, a triphenylenyl _continued

group, a pyrenyl group, a chrysenyl group, a pyridinyl Formula 3-5
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl

group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl .
group, a carbazolyl group, and a triazinyl group; and
a phenyl group, a naphthyl group, a fluorenyl group, a Formula 3-6
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl * O
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl Formula 3-7
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra- *
zine 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 naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, and a
triazinyl group.

Formula 3-8

* [ l

Formula 3-9

7. The amine-based compound of claim 1, wherein

Ar, and Ar, are each independently a group represented by
one of Formulae 3-1 to 3-20 below:

Formula 3-1
*
Formula 3-10
Formula 3-2
Formula 3-3
* Formula 3-11
Formula 3-4

*

P

5P



US 2015/0280134 Al

-continued
Formula 3-12
* -
Formula 3-13
* O
Formula 3-14
* |
Formula 3-15
Formula 3-16
* Q
Formula 3-17
*
Formula 3-18
* QO

Formula 3-19

%
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-continued

in Formulae 3-1 to 3-20, * indicates a binding site to N, L,
or L, of Formula 1.

Formula 3-20

8. The amine-based compound of claim 1, wherein

R, and R, are each independently selected from:

a C,-C,, alkyl group;

a C,-C,, alkyl group substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid 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 naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group,
a pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine 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 naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, and a
triazinyl group.
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Formula 3-8
*

Formula 3-15

*

*
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9. The amine-based compound of claim 1, wherein _continued
R, and R, are each independently selected from a methyl * Formula 3-9
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group, and groups
represented by Formulae 3-1 to 3-20:
Formula 3-1
* :
Formula 3-2 Formula 3-10
Formula 3-3
%
Formula 3-11
*
Formula 3-4 “\‘
*
Formula 3-5
O Formula 3-12
~O .
Formula 3-6
Q Formula 3-13
Formula 3-7 .
Q Q Formula 3-14
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-continued
Formula 3-16

%

Formula 3-17

Formula 3-18

%O%

Formula 3-19
* OQ

in Formulae 3-1 to 3-20, * indicates a binding site to a
carbon of fluorene of Formula 1.

Formula 3-20

10. The amine-based compound of ¢laim 1, wherein

R;, Ry, and Ry to R, are each independently selected
from:

a hydrogen atom, a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydra-
zone group, a carboxylic acid group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, and a C,-C,, alkyl group;

a C,-C,, alkyl group, each substituted with at least one
selected from a deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a 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 phenyl group, a naphthyl group,
a fluorenyl group, a spiro-fluorenyl group, a phenanthre-
nyl group, an anthracenyl group, a fluoranthenyl group,
a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidi-
nyl group, a pyridazinyl group, an isoindolyl group, an
indolyl group, a quinolinyl group, a benzoquinolinyl
group, a quinoxalinyl group, a quinazolinyl group, a
cinnolinyl group, a carbazolyl group, and a triazinyl
group;
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a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine 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 naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, and a
triazinyl group.

11. The amine-based compound of claim 1, wherein

R;,R,, and R, toR,; in Formula 1 are each independently
selected from a hydrogen, a deuterium, —F, —CI,—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 phos-
phoric acid group or a salt thereof, and a C,-C,, alkyl

group.
12. The amine-based compound of claim 1, wherein

R;,R,, and R, toR,, in Formula 1 are each independently
selected from a hydrogen, a deuterium, —F, —CI,—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 phos-
phoric acid group or a salt thereof, a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, and groups repre-
sented by Formulae 3-1 to 3-20:

al

Formula 3-1
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-continued -continued
Formula 3-2 Formula 3-10

Formula 3-3

Formula 3-11
Formula 3-4

Formula 3-5

“%:
g

Formula 3-12

o

Formula 3-6

Formula 3-13

%

Formula 3-7

%

Formula 3-14

Formula 3-8

Formula 3-15

Formula 3-9 *

* O

Formula 3-16

BPoRY

&
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-continued
Formula 3-17
" '
Formula 3-18
* QQ
Formula 3-19
Formula 3-20

13. The amine-based compound of ¢laim 1, wherein
the amine-based compound is represented by Formula 1A
below:

Formula 1A

Rs)y Ry Ry

wherein in Formula 1A,

L, and L, are each independently selected from:

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazi-
nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, a
quinolinylene group, a benzoquinolinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a carbazolylene group, and a triazinylene
group; and

a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylene group, a
chrysenylene group, a pyridinylene group, a pyrazi-
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nylene group, a pyrimidinylene group, a pyridazinylene
group, an isoindolylene group, an indolylene group, a
quinolinylene group, a benzoquinolinylene group, a qui-
noxalinylene group, a quinazolinylene group, a cinnoli-
nylene group, a carbazolylene group, and a triazinylene
group, each substituted with at least one selected from a
deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxy-
lic acid group or a salt thereof, a sulfonic acid group ora
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 phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, a quinoli-
nyl group, a benzoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a car-
bazolyl group, and a triazinyl group;

aand b are each independently 0 or 1;

Ar, and Ar, are each independently selected from:

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine 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 naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, and a
triazinyl group;

R, and R, are each independently selected from:

a C,-C,, alkyl group;

a C,-C,, alkyl group substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid
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group or a salt thereof, a phosphoric acid group or a salt
thereof, a phenyl group, a naphthyl group, a fluorenyl
group, a spiro-fluorenyl group, a phenanthrenyl group,
an anthracenyl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group,
a pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group;

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group; and

a phenyl group, a naphthyl group, a fluorenyl group, a
spiro-fluorenyl group, a phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group, each
substituted with at least one selected from a deuterium,
—F, —Cl,—Br, —I, ahydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydra-
zine 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 naph-
thyl group, a fluorenyl group, a spiro-fluorenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoran-
thenyl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, a pyridazinyl group, an isoindolyl
group, an indolyl group, a quinolinyl group, a benzo-
quinolinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, and a
triazinyl group;

R,, R,, and R,; to R,, are each independently selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, and a C,-C,, alkyl group; and

p and q are each independently 0, 1, or 2.

14. The amine-based compound of claim 13, wherein

at least one of Ar |, Ar,, R, to R, and R, to R, is selected
from:

a naphthyl group;

anaphthyl group substituted with atleast one selected from
a deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, ahydrazine group, a hydrazone group, a carboxy-
lic acid group or a salt thereof, a sulfonic acid group ora
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-

47

Oct. 1, 2015

fluorenyl group, a phenanthrenyl group, an anthracenyl
group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, a quinoli-
nyl group, a benzoquinolinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a car-
bazolyl group, and a triazinyl group; and

a phenyl group, an anthracenyl group, and a fluorenyl
group, each substituted with at least one naphthyl group.

15. The amine-based compound of claim 13, wherein

L, and L, are each independently selected from:

a phenylene group, a naphthylene group, and a fluore-
nylene group; and

a phenylene group, a naphthylene group, and a fluore-
nylene group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid 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 phenanthrenyl group, an anthra-
cenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an isoindolyl group, an indolyl
group, a quinolinyl group, a benzoquinolinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a carbazolyl group, and a triazinyl group;

aand b are each independently 0 or 1;

Ar, and Ar, are each independently selected from the
groups represented by Formulae 3-1 to 3-20 below;

R, and R, are each independently selected from a methyl
group, an ethyl group, a propyl group, a butyl group, a
pentyl group, a hexyl group, a heptyl group, and the
groups represented by Formulae 3-1 to 3-20;

R;,R,,and R, toR,, in Formula 1 are each independently
selected from a hydrogen, a deuterium, —F, —CI,—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 phos-
phoric acid group or a salt thereof, a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, and the groups
represented by Formulae 3-1 to 3-20;

p and q are each independently 0, 1, or 2; and

at least one of Ar,, Ar,, R, to R,, and R, to R,, are
represented by one of Formulae 3-5 to 3-11 and 3-14 to
3-19,

Formula 3-1

Formula 3-2

-0
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Formula 3-3 Formula 3-10
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16. The amine-based compound of claim 1, wherein

the amine-based compound is one of Compounds 1 to 7 O Q

below:
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Formula 3-17 2
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17. An organic light-emitting device comprising:

a first electrode;

a second electrode facing the first electrode; and

an organic layer between the first electrode and the second
electrode and comprising an emission layer, wherein the
organic layer comprises at least one amine-based com-
pound of claim 1.

18. The organic light-emitting device of claim 17, wherein

the organic layer comprises:

1) ahole transport region between the first electrode and the
emission layer and comprising atleast one selected from
ahole injection layer, ahole transport layer, a functional
layer having a hole injection capability and a hole trans-
port capability, a buffer layer, and an electron blocking
layer; and

ii) an electron transport region between the emission layer
and the second electrode and comprising at least one
selected from a hole blocking layer, an electron transport
layer, and an electron injection layer.
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19. The organic light-emitting device of claim 18, wherein
the hole transport region comprises the amine-based com-

pound.
20. The organic light-emitting device of claim 19, wherein

the hole transport region further comprises a p-dopant.

® 0% % % %
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