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(7) ABSTRACT

A condensed-cyclic compound represented by Formula 1 and
an organic light emitting diode including the same:
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CONDENSED-CYCLIC COMPOUND AND
ORGANIC LIGHT EMITTING DIODE
HAVING ORGANIC LAYER INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2009-0073522, filed on Aug. 10,2009, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] A condensed-cyclic compound and an organic light
emitting diode having an organic layer including the con-
densed-cyclic are provided.

[0004] 2. Description of the Related Art

[0005] Organic light emitting diodes are self-emission
devices, have wide viewing angles, high contrast ratios, short
response time, high luminosity, low driving voltages, high
response rates, and produce various colors.

[0006] A conventional organic light emitting diode may
have the following structure. An anode is formed on a sub-
strate, and then a hole transport layer, a light emitting layer, an
electron transport layer, and a cathode are sequentially
formed on the anode. In this regard, each of the hole transport
layer, the light emitting layer, and the electron transport layer
is an organic thin film formed of an organic compound.

[0007] An organic light emitting diode having the structure
described above may have the following driving principle.

[0008] Whenavoltage is applied between the anode and the
cathode, holes injected from the anode move to the light
emitting layer through the hole transport layer, and electrons
injected from the cathode move to the light emitting layer
through the electron transport layer. The holes and electrons,
which are carriers, are recombined in the light emitting layer
to form excitons. These excitons are changed from an excited
state to a ground state, thereby generating light.

SUMMARY

[0009] The present embodiments provide a compound
capable of providing an organic light emitting diode having a
low driving voltage, a high current density, high efficiency,
high quantum efficiency, and high luminosity.

[0010] According to an aspect of the present embodiments,
there is provided a condensed-cyclic compound represented
by Formula 1:

Formula 1
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[0011] where X is selected from the group consisting of a
substituted or unsubstituted C,-C,, aromatic polycyclic core
and a substituted or unsubstituted C;-C,, heteroaromatic
polycyclic core; Ar, and Ar, are, each independently, selected
from the group consisting of a substituted or unsubstituted
CsCyp arylene group, and a substituted or unsubstituted
C;-Cyy heteroarylene group; A, and A, are, each indepen-
dently, a divalent linking group represented by —[C(Q,)
(Q,)],- where Q, and Q, are, each independently, selected
from the group consisting of a hydrogen atom, a heavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C5, alkynyl group, a substituted or unsub-
stituted C,-C,,, alkoxy group, a substituted or unsubstituted
C4-C4, aryloxy group, a substituted or unsubstituted C4-Cs,
aryl group, and a substituted or unsubstituted C,-C,, het-
eroaryl group, and q is an integer from 0 to 3; R, and R, are,
each independently selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubstituted
C,-C4, alkyl group, a substituted or unsubstituted C,-C;,
alkenyl group, a substituted or unsubstituted C,-C;, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4-Cs, aryloxy group, a substi-
tuted or unsubstituted C4-C;, aryl group, a substituted or
unsubstituted C5-C;,, heteroaryl group, and a group repre-
sented by —N(Q,)(Q,) where Q; and Q, are, each indepen-
dently, selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted C,-Cs,
alkyl group, a substituted or unsubstituted C,-C;, alkenyl
group, a substituted or unsubstituted C,-C,, alkynyl group, a
substituted or unsubstituted C,-C;, alkoxy group, a substi-
tuted or unsubstituted C,-C,, aryloxy group, a substituted or
unsubstituted C,-C,,, aryl group, and a substituted or unsub-
stituted C5-Cy, heteroaryl group, and Q, and Q, are option-
ally fused with each other, or linked to each other by a single
bond, a double bond, or a C,-C; alkylene group, thereby
forming a saturated or unsaturated ring; and p is an integer 0
to 10, wherein at least two groups selected from the group
consisting of substituents of X, Ar,, Ar,, R, R,, Q, and Q,
are optionally fused with each other, or linked to each other by
asingle bond ora double bond, thereby forming a saturated or
unsaturated ring.

[0012] According to another aspect of the present embodi-
ments, there is provided an organic light emitting diode com-
prising: a first electrode, a second electrode facing the first
electrode, and an organic layer interposed between the first
electrode and the second electrode, wherein the organic layer
comprises the condensed-cyclic compound of Formula 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other features and advantages of the
present embodiments will become more apparent by describ-
ing in detail exemplary embodiments thereof with reference
to FIG. 1 showing a schematic view of an organic light emit-
ting diode according to an embodiment.
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DETAILED DESCRIPTION

[0014] A condensed-cyclic compound according to an
embodiment is represented by Formula 1:

Formula 1

Any Ry
\ /
/N X—N\
Ry 1

[0015] where X may be selected from the group consisting
of a substituted or unsubstituted C4-C,, aromatic polycyclic
core and a substituted or unsubstituted C;-C, heteroaromatic
polycyclic core. For example, X may be selected from the
group consisting of a substituted or unsubstituted Cz-C
aromatic polycyclic core and a substituted or unsubstituted
C;-C, ¢ heteroaromatic polycyclic core.

[0016] In the present specification, the term “aromatic
polycyclic core” refers to a polycyclic system in which at
least two aromatic rings are fused with each other, or are
linked to each other by a single bond. Also, in the present
specification, the term ‘“heteroaromatic polycyclic core”
refers to a polycyclic system in which either at least two
heteroaromatic rings, or at least one heteroaromatic ring and
at least one aromatic ring are fused with each other, or are
linked to each other by a single bond, wherein each of the
heteroaromatic rings may include at least one hetero atom
selected from the group consisting of N, O, P and S.

[0017] For example, in Formula 1, X may be selected from
the group consisting of a substituted or unsubstituted pental-
ene core, a substituted or unsubstituted indene core, a substi-
tuted or unsubstituted naphthalene core, a substituted or
unsubstituted azulene core, a substituted or unsubstituted
heptalene core, a substituted or unsubstituted indacene core,
a substituted or unsubstituted acenaphthylene core, a substi-
tuted or unsubstituted fluorene core, a substituted or unsub-
stituted phenalene core, a substituted or unsubstituted
phenanthrene core, a substituted or unsubstituted anthracene
core, a substituted or unsubstituted fluoranthene core, a sub-
stituted or unsubstituted triphenylene core, a substituted or
unsubstituted pyrene core, a substituted or unsubstituted
chrysene core, a substituted or unsubstituted naphthacene
core, a substituted or unsubstituted picene core, a substituted
or unsubstituted perylene core, a substituted or unsubstituted
pentaphene core, a substituted or unsubstituted hexacene
core, a substituted or unsubstituted pyrrole core, a substituted
or unsubstituted pyrazole core, a substituted or unsubstituted
imidazole core, a substituted or unsubstituted imidazoline
core, a substituted or unsubstituted pyridine core, a substi-
tuted or unsubstituted pyrazine core, a substituted or unsub-
stituted pyrimidine core, a substituted or unsubstituted indole
core, a substituted or unsubstituted purine core, a substituted
orunsubstituted quinoline core, a substituted or unsubstituted
phthalazine core, a substituted or unsubstituted indolizine
core, a substituted or unsubstituted naphthyridine core, a
substituted or unsubstituted quinazoline core, a substituted or
unsubstituted cinnoline core, a substituted or unsubstituted
indazole core, a substituted or unsubstituted carbazole core, a
substituted or unsubstituted phenazine core, a substituted or
unsubstituted phenanthridine core, a substituted or unsubsti-
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tuted pyran core, a substituted or unsubstituted chromene
core, a substituted or unsubstituted benzofuran core, a sub-
stituted or unsubstituted thiophene core, a substituted or
unsubstituted benzothiophene core, a substituted or unsubsti-
tuted isothiazole core, a substituted or unsubstituted isox-
azole core, and a substituted or unsubstituted phenyl-benzene
core, but is not limited thereto.

[0018] For example, X may be selected from the group
consisting of a substituted or unsubstituted anthracene core, a
substituted orunsubstituted naphthalene core, a substituted or
unsubstituted phenyl-benzene core, and a substituted or
unsubstituted pyrene core, but is not limited thereto.

[0019] X may include at least one substituent or may be
unsubstituted. If X includes at least one substituent, at least
one substituent may be, each independently, selected from the
group consisting of a heavy hydrogen atom, a halogen atom,
a hydroxyl group, a cyano group, a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted C,-C;,
alkynyl group, a substituted or unsubstituted C,-C;, alkoxy
group, a substituted or unsubstituted C4-C,,, aryloxy group, a
substituted or unsubstituted C,-C, aryl group, a substituted
or unsubstituted C5-C;, heteroaryl group, and a group repre-
sented by —N(Q,)(Qg), where Q5 and Q are, each indepen-
dently, selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted C,-C5,
alkyl group, a substituted or unsubstituted C,-C, alkenyl
group, a substituted or unsubstituted C,-C;, alkynyl group, a
substituted or unsubstituted C,-C;, alkoxy group, a substi-
tuted or unsubstituted C,-C,, aryloxy group, a substituted or
unsubstituted C,-C,, aryl group, and a substituted or unsub-
stituted C;-C;,, heteroaryl group. In this regard, Q and Qg
may be optionally fused with each other, or linked to each
other by a single bond, a double bond, or a C,-C; alkylene
group, thereby forming a saturated or unsaturated ring.
[0020] For example, the at least one substituent may be,
each independently, selected from the group consisting of a
heavy hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C, ¢ aryl group, a substituted
or unsubstituted C,-C, ; heteroaryl group, and a group repre-
sented by —N(Q;)(Q,) where Q5 and Q, are, each indepen-
dently, selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C4-C, ¢ aryl group, and a
substituted or unsubstituted C;-C, ; heteroaryl group, but is
not limited thereto.

[0021] According to another embodiment, the at least one
substituent may be, each independently, selected from the
group consisting of a heavy hydrogen atom, a halogen atom,
a hydroxyl group, a cyano group, a C,-C, 4 aryl group, and a
group represented by —N(Qs )(Qg) where Q5 and Q¢ may be,
each independently, selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, and a C,-C, ¢ aryl group (e.g,,
aphenyl group, a naphthyl group, or an anthracenyl group). In
this regard, Q5 and Q, may be optionally fused with each
other, or linked to each other by a single bond, or a C,-C,
alkylene group, thereby forming a saturated or unsaturated
ring. For example, each of Q5 and Q4 may be a phenyl group,
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and these phenyl groups may be optionally linked by a single
bond, thereby forming a carbazoly! ring.

[0022] For example, the at least one substituents may be a
phenyl group, a halophenyl group, a C,-C,, alkylphenyl
group, a C,-C,, alkoxyphenyl group, a naphthyl group, a
halonaphthyl group, a C,-C,, alkylnaphthyl group, a C,-C,,
alkoxynaphthyl group, an anthracenyl group, a haloanthrace-
nyl group, aC,-C,, alkylanthracenyl group, a C,-C, , alkoxy-
anthracenyl group, a pyridinyl group, a halopyridinyl group,
a C,-C,, alkylpyridinyl group, a C,-C,, alkoxypyridinyl
group, or a group represented by —N(Q;)(Q,) where Q5 and
Q, are, each independently, selected from the group consist-
ing of'a phenyl group, a halophenyl group, a C,-C, , alkylphe-
nyl group, a C,-C, , alkoxyphenyl group, a naphthyl group, a
halonaphthyl group, a C,-C,, alkylnaphthyl group, a C,-C,,
alkoxynaphthyl group, an anthracenyl group, a haloanthrace-
nyl group, a C,-C,, alkylanthracenyl group, and a C,-C,,
alkoxyanthracenyl group, and Qs and Q are optionally linked
to each other to form a saturated or unsaturated ring (e.g. Qs
and Q¢ may be linked to each other, thereby forming a carba-
zolyl group together with but is not limited thereto.

[0023] In Formula 1, Ar, and Ar, may be, each indepen-
dently, selected from the group consisting of a substituted or
unsubstituted C,-C,, arylene group, and a substituted or
unsubstituted C,-C,, heteroarylene group. For example, Ar,
and Ar, may be, each independently, selected from the group
consisting of a substituted or unsubstituted C4-C, 4 arylene
group, and a substituted or unsubstituted C;-C,, het-
eroarylene group, but is not limited thereto.

[0024] For example, Ar, and Ar, may be, each indepen-
dently, selected from the group consisting of a substituted or
unsubstituted phenylene group, a substituted or unsubstituted
pentalenylene group, a substituted or unsubstituted inde-
nylene group, a substituted or unsubstituted naphthylene
group, a substituted or unsubstituted azulenylene group, a
substituted or unsubstituted heptalenylene group, a substi-
tuted or unsubstituted indacenylene group, a substituted or
unsubstituted acenaphthylene group, a substituted or unsub-
stituted fluorenylene group, a substituted or unsubstituted
phenalenylene group, a substituted or unsubstituted phenan-
threnylene group, a substituted or unsubstituted anthrace-
nylene group, a substituted or unsubstituted fluoranthenylene
group, a substituted or unsubstituted triphenylenylene group,
a substituted or unsubstituted pyrenylenylene group, a sub-
stituted or unsubstituted chrysenylene group, a substituted or
unsubstituted naphthacenylene group, a substituted or unsub-
stituted picenylene group, a substituted or unsubstituted
perylenylene group, a substituted or unsubstituted pentaphe-
nylene group, a substituted or unsubstituted hexacenylene
group, a substituted or unsubstituted pyrrolylene group, a
substituted or unsubstituted pyrazolylene group, a substituted
or unsubstituted imidazolylene group, a substituted or unsub-
stituted imidazolinylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted indolylene group, a sub-
stituted or unsubstituted purinylene group, a substituted or
unsubstituted quinolinylene group, a substituted or unsubsti-
tuted phthalazinylene group, a substituted or unsubstituted
indolizinylene group, a substituted or unsubstituted naphthy-
ridinylene group, a substituted or unsubstituted quinazoli-
nylene group, a substituted or unsubstituted cinnolinylene
group, a substituted or unsubstituted indazolylene group, a
substituted or unsubstituted carbazolylene group, a substi-
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tuted or unsubstituted phenazinylene group, a substituted or
unsubstituted phenanthridinylene group, a substituted or
unsubstituted pyranylene group, a substituted or unsubsti-
tuted chromenylene group, a substituted or unsubstituted ben-
zofuranylene group, a substituted or unsubstituted thiophe-
nylene  group, a substituted or unsubstituted
benzothiophenylene group, a substituted or unsubstituted
isothiazolylene group, and a substituted or unsubstituted
isoxazolylene group, but is not limited thereto.

[0025] According to another embodiment, Ar, and Ar, may
be, each independently, selected from the group consisting of
a substituted or unsubstituted phenylene group, a substituted
or unsubstituted naphthylene group, and a substituted or
unsubstituted anthracenylene group, but is not limited
thereto.

[0026] In Formula 1, A; and A, may be, each indepen-
dently, selected from the group consisting of divalent linking
group represented by —[C(Q,)(Q,)],~.

[0027] Inthe condensed-cyclic compound of Formula 1, at
least one of the atoms in a ring and are included in X may be
linked to at least one of the atoms that are included in Ar,
and/or Ar, via A, and/or A,, thereby forming a saturated ring
or unsaturated ring and thus forming a backbone in Formula
1. In the condensed-cyclic compound of Formula 1, each of
aryl amine moieties (for example, —N(Ar,)(R;) and
—N(Ar,)(R,) in Formula 1), which may relatively lack elec-
trical stability and/or thermal stability, forms a ring (for
example, in Formula 1, Ar, and X form aring by A, and/or Ar,
and X formaring by A, ), and thus dissolutionofa C—N bond
may be prevented and relatively excellent heat resistance
and/or electrical stability are obtained. Thus, an organic light
emitting diode employing the condensed-cyclic compound of
Formula 1 has low driving voltage, high current density, high
luminosity, high efficiency, and long lifetime.

[0028] Q, and Q, may be, each independently, selected
from the group consisting of a hydrogen atom, a heavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C,, alkynyl group, a substituted or unsub-
stituted C,-C,,, alkoxy group, a substituted or unsubstituted
C¢-Cy, aryloxy group, a substituted or unsubstituted C4-Cs,
aryl group, and a substituted or unsubstituted C5-C;,, het-
eroaryl group.

[0029] For example, Q, and Q, may be, each indepen-
dently, selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C,-C, ; aryl group, and a
substituted or unsubstituted C,-C, ; heteroaryl group.

[0030] According to another embodiment, Q, and Q, may
be, each independently, selected from the group consisting of
a hydrogen atom, a heavy hydrogen atom, a halogen atom, a
C,-C,, alkyl group, a C,-C |, alkoxy group, and C-C, ¢ aryl
group, but is not limited thereto.

[0031] For example, Q, and Q, may be, each indepen-
dently, selected from the group consisting of a hydrogen
atom, a methyl group, an ethyl group, a propyl group, a butyl
group, a methoxy group, an ethoxy group, and a propoxy
group, but is not limited thereto.

[0032] Also, g may be an integer 0 to 3. If q is 0 in Formula
1, at least one of the atoms that comprise a ring and are
included in X may be linked to at least one of the atoms that
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are included in Ar, and/or Ar, via single bond, which will be
described in detail later in another embodiment.

[0033] According to another embodiment, q may be 0.
According to another embodiment, q may be an integer from
110 3.

[0034] In Formula 1, R, and R, may be, each indepen-
dently, selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted C,-C5,
alkyl group, a substituted or unsubstituted C,-C,, alkenyl
group, a substituted or unsubstituted C,-C,, alkynyl group, a
substituted or unsubstituted C,-C,, alkoxy group, a substi-
tuted or unsubstituted C4-C,,, aryloxy group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsubsti-
tuted C5-C;, heteroaryl group, and a group represented by
—N(Q;)(Q,) where Q, and Q, may be, each independently,
selected from the group consisting of a hydrogen atom, a
heavy hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,,, alkenyl group, a
substituted or unsubstituted C,-C, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-Cs, aryloxy group, a substituted or unsub-
stituted C4-C,, aryl group, and a substituted or unsubstituted
C;-C5, heteroaryl group. In this regard, Q5 and Q, may be,
optionally, fused with each other, or linked to each other by a
single bond, a double bond, or a C,-C; alkylene group,
thereby forming a saturated ring or unsaturated ring.

[0035] Forexample, R, and R, may be, each independently,
selected from the group consisting of a hydrogen atom, a
heavy hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C-C, ¢ aryl group, a substituted
or unsubstituted C;-C, ; heteroaryl group, and a group repre-
sented by —N(Q;)(Q,,) where Q; and Q, may be, each inde-
pendently, selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C4-C ¢ aryl group, and a
substituted or unsubstituted C;-C, 4 heteroaryl group, but is
not limited thereto. In this regard, Q, and Q, may be fused
with each other, or linked to each other by a single bond, a
double bond, or a C,-C; alkylene group, thereby forming a
saturated ring or unsaturated ring.

[0036] According to an embodiment, R, and R, may be,
each independently, selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a C,-C,, alkyl group, a
C,-C,, alkoxy group, and a C4-C, 4 aryl group, but is not
limited thereto.

[0037] Forexample, R, and R, may be, each independently,
a methyl group, an ethyl group, a propyl group, a methoxy
group, an ethoxy group, a propoxy group, a phenyl group, a
halophenyl group, a C,-C,, alkylphenyl group, a C,-C,,
alkoxyphenyl group, a naphthyl group, a halonaphthyl group,
a C,-C,, alkylnaphthyl group, a C,-C,, alkoxynaphthyl
group, an anthracenyl group, a haloanthracenyl group, a
C,-C,, alkylanthracenyl group, a C,-C,, alkoxyanthracenyl
group, a pyridinyl group, halopyridinyl group, aC,-C,, alky-
Ipyridinyl group, a C,-C, ; alkoxypyridinyl group, or a group
represented by —N(Q,)(Q,) where Q5 and Q, may be, each
independently, selected from the group consisting of a phenyl
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group, a halophenyl group, a C,-C,, alkylphenyl group, a
C,-C,, alkoxyphenyl group, a naphthy!l group, a halonaph-
thyl group, a C,-C,, alkylnaphthyl group, a C,-C,, alkox-
ynaphthyl group, anthracenyl group, haloanthracenyl group,
aC,-C,, alkylanthraceny! group, and a C,-C, , alkoxyanthra-
cenyl group, and Q, and Q, may be, optionally, linked to each
other to form a saturated or unsaturated ring (for example, Q,
and Q, may be linked to each other to form a carbazolyl group
together with —N), but is not limited thereto.

[0038] InFormula 1, p may be an integer from 0 to 10. For
example, p may be 0, 1, 2, or 3, but is not limited thereto, and
may be selected from this range described above in consid-
eration of the structure of X.

[0039] AmongAr,, Ar,, R}, R,, Q,,Q, and the substituents
of X which have been described above, at least two groups
may be, optionally, fused with each other, or linked to each
other by a single bond or a double bond, thereby forming a
saturated ring or unsaturated ring.

[0040] According to an embodiment, among atoms that
comprise the backbone of X in Formula 1, an element con-
nectedto A, and an element connected N may be connected to
each other by a single bond or a double bond. In addition,
among the atoms that comprise the backbone of X in Formula
1, an element connected to A, and an element connected to N
may be connected to each other by a single bond or a double
bond.

[0041] According to another embodiment, the condensed-
cyclic compound may be represented by any one of Formulas
la-1 to 1h-1 (X is a substituted or unsubstituted anthracene
core, a substituted or unsubstituted naphthalene core, a sub-
stituted or unsubstituted phenyl-benzene core, or a substi-
tuted or unsubstituted pyrene core, and qis 0), but may also be
represented by other formulas:

Formula 1a-1
Zs Z Zy Ry
|
7; N\
Ary
Zg
Zs 7 74

Formula 1b-1

Formula 1e-1

\
7 N
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-continued

Ry
\
2 N

N

Y2

Z3

Ary

N
\

R,

Ary

Z3
Zg O

77

Zg Zs

[0042] According to another embodiment, the condensed-
cyclic compound may be represented by any one of Formulas
la-2 to 1h-2 (X is a substituted or unsubstituted anthracene
core, a substituted or unsubstituted naphthalene core, a sub-
stituted or unsubstituted phenyl-benzene core, or a substi-

Formula 1d-1

Formula le-1

Formula 1f-1

Formula 1g-1

Formula 1h-1
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Zs

e 7
Zs Z 73
R,  Ze Ly 7

R
\
Z N

|
\Arl

7> Ay

7 7

Zs Zy

R

\

7, N

Zy

.
ZZ O B
/" O -
Ar,
\N
\

Ry

Zy
Z3 A
Z4 SAr
Zg /
|
V53 R
75 Zs
Zs

Z, Z3 Ry
|

27 O N\

OO Ar
Zg A'l/

2 Zy

R
N

A
lef A

tuted or unsubstituted pyrene core, and q is not 0), but may
also be represented by other formulas:

Formula 1a-2

Formula 1b-2

Formula 1¢-2

Formula 1d-2

Formula 1e-2
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-continued -continued
Formula 1f-2 Formula 2c-1
Zy Z
Ry
\
Z, N VAT
7 Zyy
Zs Z3
Formula 1g-2
7 7
Zs 74

73 A i
78 / Formula 2d-1
N

77

Formula 1h-2

[0043] According to another embodiment, the condensed-
cyclic compound may be represented by any one of Formulas
2a-1 to 2h-1 (X is a substituted or unsubstituted anthracene
core, a substituted or unsubstituted naphthalene core, a sub-
stituted or unsubstituted phenyl-benzene core, or a substi-
tuted or unsubstituted pyrene core, q is 0, and Ar, and Ar, are
substituted or unsubstituted phenylene groups), but may also
be represented by other formulas:

Formula 2e-1

Formula 2a-1
Zs Z Z3 Il{l Zy
77 N. Ziy
Formula 2f-1
Z Zy
73 Zi 71
Zg 7 Zy Z14
Formula 2b-1 Zis
Zp3
Zis Zs 7 73 Ry 7y
|
Zig N Zi 77
Zis Zs
Zy7 N Zy3
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-continued -continued
Formula 2¢-2
Zy Z12
Formula 2g-1
R
\
Z, N VAT
Zp
7 A Zyy
Zy
Zg Z3
Zs Zs
Formula 2h-1 Formula 2d-2
Zy Zi2
Ry
\
Z, N Zi3
Z, Ay Zy4
Zys A Z3
. . Zis N Zy
[0044] According to another embodiment, the condensed- \R
cyclic compound may be represented by any one of Formulas 2
2a-2 to 2h-2 (X is a substituted or unsubstituted anthracene Zy Zig
core, a substituted or unsubstituted naphthalene core, a sub-
stituted or unsubstituted phenyl-benzene core, or a substi-
tuted or unsubstituted pyrene core, q is not 0, and Ar, and Ar, Formula 2e-2
are substituted or unsubstituted phenylene groups), but may 7 7
also be represented by other formulas:
A Zyy
Z
Formula 2a-2 Zg
Zs Zy Zs R Zyy
| Ry Zy
Zs

Zg Z Zy Zyy

73 A Zy3
Formula 2f-2
Zy

1
Z3
Z
Zs
Z
Formula 2b-2 Z3 Ay 71
215 R Zy
Zis Zs Z 73 Ry Z, |
| » N
Zis Ay N Zp N Zy3
; , Zy Ry Zy
A’
Zy7 N Al 713 17 : >
| Z

Zg R Zg Zy Zy Zy Zis
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-continued
Formula 2g-2

7 7 Zy
Z3 A Zp
Zg OO
N VAL
R Zy4
7 Z

Ly Z Zy

Formula 2h-2

Zyg Zg Zs

[0045] According to another embodiment, the condensed-
cyclic compound may be represented by any one of Formulas
3a-1, 3a-2, 3c-1, 3¢-2, 3e-1, 3e-2, 3g-1, and 3g-2, but may
also be represented by other formulas:

Formula 3a-1
Z) R, 71
|
N Z»
Qs OO
~
/ 213
A
N % 2 Zy
Formula 3a-2
Zy R, 7y
|
N VAT
Qs OO
/ \N Al 213
A
N Z Zy4

Formula 3c¢-1
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-continued
Formula 3¢-2
Zn Z1
Ry
\v
Z N Zis
Zy Ay Ziy
Zs Z
Qs
NN
a3
%

Formula 3e-1

Zs
Formula 3e-2
Z Zy
73 A 712
o Qs 74
A3 |
NP
Qs/ N Zy3
V%) Ry Zy
Z; Zs
Zs

Formula 3g-1
7y Z 7y

73 Zp
Zg O
N Z13
Qs R, Zy4
[N Z

A
N Zs Zs

Formula 3g-2

7y Z 7y
73 A 7y
Zg O
N VAT
Qs R Zy
/ Ny 7

s

s Zs Zs
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[0046] With regard to Formulas 3a-1, 3a-2, 3c-1, 3c-2,
3e-1, 3e-2, 3g-1, and 3g-2, A, represents a single bond or a
C,-C; alkylene group.

[0047] For example, in Formulas 1a-1to 3g-2, Ar, and Ar,
may be, each independently, selected from the group consist-
ing of a substituted or unsubstituted C,-C, , arylene group and
a substituted or unsubstituted C,-C,, heteroarylene group
(for example, a substituted or unsubstituted phenylene group,
a substituted or unsubstituted naphthylene group, or a substi-
tuted or unsubstituted anthracenylene group); A, and A, may
be, each independently. selected from the group consisting of
divalent linking group represented by —[C(Q,)(Q,)],- where
Q, and Q, may be, each independently, selected from the
group consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a substi-
tuted or unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C, -C, ; alkoxy group, a substituted or unsubsti-
tuted C4-C, 4 aryl group, and a substituted or unsubstituted
C;-C, s heteroaryl group, and q may be an integer from 1 to 3;
R, and R, may be, each independently, selected from the
group consisting of ahydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a substi-
tuted or unsubstituted C,-C,, alkyl group (for example, a
methyl group, an ethyl group, a propyl group, or a butyl
group), a substituted or unsubstituted C,-C, , alkoxy group, a
substituted or unsubstituted C4-C, ¢ aryl group(for example, a
phenyl group, a naphthyl group, or an anthracenyl group), a
substituted or unsubstituted C;-C, ; heteroaryl group, and a
group represented by —N(Q;)(Q,) where Q; and Q, may be,
each independently, selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C,-C,,
alkoxy group, a substituted or unsubstituted C,-C,, aryl
group, and a substituted or unsubstituted C;-C, ¢ heteroaryl
group, and Q; and Q, may be fused with each other, or linked
to each other by a single bond, a double bond, or a C,-C,
alkylene group, thereby forming a saturated or unsaturated
ring; and Z, to Zgand Z, | to Z, . may be, each independently,
selected from the group consisting of a hydrogen atom, a
heavy hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C | ; aryl group(for example, a
phenyl group, a naphthyl group, or an anthracenyl group), a
substituted or unsubstituted C;-C, ¢ heteroaryl group, and a
group represented by —N(Q;)(Q,) where Q. and Q4 may be,
each independently, selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C,-C,,
alkoxy group, a substituted or unsubstituted C4-C,4 aryl
group, and a substituted or unsubstituted C,-C, ¢ heteroaryl
group, and Q5 and Qg may be optionally fused with each
other, or linked to each other by a single bond, a double bond,
or a C,;-C, alkylene group, thereby forming a saturated or
unsaturated ring, but is not limited thereto.
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[0048] According to another embodiment, the condensed-
cyclic compound may be any one of Compounds 1 to 16
below, but is not limited thereto:

Compound 1
N
Compound 2
N
Compound 3
/ |
XN

\

/
/

N

\
N (¢ N/
—/ 7 \
\

o
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-continued -continued

Compound 4 Compound 7

O;O T

Compound 5

‘ Compound 8
N

Compound 9

Compound 6

> v
QOOCC
sfe 5
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-continued -continued
Compound 13
Compound 10 I
N
N
Compound 11 Compound 14

| Y
AL ooee

Compound 12

Compound 15

90606 Y C
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-continued
Compound 16
8
‘ AN
C
\ N
P
7
X

[0049] In the present specification, examples of the unsub-
stituted C,-C;, alkyl group include methyl, ethyl, propyl,
isobutyl, sec-butyl, pentyl, iso-amyl, and hexyl, and at least
onehydrogen atom in the alkyl group may be substituted with
a halogen atom, a hydroxyl group, a nitro group, a cyano
group, an amino group, an amidino group, a hydrazine group,
a hydrazone group, a carboxylic group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof,a C,-C; alkyl group, a C,-C;, alkenyl group,
a C,-C,, alkynyl group, a C¢-C,, aryl group, or a C,-C,,
heteroaryl group.

[0050] Inthe present specification, examples of the unsub-
stituted C,-C;, alkoxy group include —OA where A is the
C,-C;, alkyl group described above such as methoxy, ethoxy,
or isopropyloxy for example. In these alkoxy groups, at least
one hydrogen atom may be substituted with the substituents
which are used to substitute the alkyl group.

[0051] In the present specification, the unsubstituted
C,-C,, alkenyl group refers to a system in which a carbon
double bond is present in the middle or end of the alkyl group
described above. Examples of the unsubstituted C,-C,, alk-
enyl group include ethenyl, propenyl, and butenyl. At least
one hydrogen atoms in these alkenyl groups may be substi-
tuted with the substituents which are used to substitute the
alkyl group.

[0052] In the present specification, the unsubstituted
C,-C,, alkynyl group refers to a system in which a carbon
triple bond is present in the middle or end of the alkyl group
described above. Examples of the unsubstituted C,-C,,, alky-
nyl group include acetylene, propylene, isopropylacetylene,
t-butylacetylene. At least one hydrogen atoms in these alky-
nyl groups may be substituted with the substituents which are
used to substitute the alkyl group.

[0053] In the present specification, the unsubstituted
Cs-C5p aryl group refers to a monovalent group having a
carbocyclic aromatic system having at least one aromatic ring
and 5-30 carbon atoms, and the unsubstituted C,-Cs, arylene
group refers to adivalent group having a carbocyclic aromatic
system having at least one aromatic ring and 5-30 carbon
atoms. Ifthe aryl group and the arylene group include at least
two rings, the at least two rings may be fused with each other,
or linked to each other by a single bond. In the aryl group and

12
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the arylene group, at least one hydrogen atom may be substi-
tuted with the substituents which are used to substitute the
alkyl group.

[0054] Examples ofthe substituted or unsubstituted C4-C,,
aryl group include a phenyl group, a C,-C,, alkylphenyl
group (for example, ethylphenyl group), a C, -C, , alkylbiphe-
nyl group(for example, ethylbiphenyl group), a halophenyl
group (for example, 0-, m- and p-fluorophenyl groups, or a
dichlorophenyl group), a dicyanophenyl group, a trifluo-
romethoxyphenyl group, o-, m-, and p-tolyl groups, o-, m-
and p-cumenyl groups, a mesityl, phenoxyphenyl group, a
(o, a-dimethylbenzene) phenyl group, a (N,N'-dimethyl)ami-
nophenyl group, a (N,N'-diphenyl)aminophenyl group, a pen-
talenyl group, an indenyl group, a naphthyl group, a
halonaphthyl group (for example, fluoronaphthyl group), a
C,-C,, alkylnaphthyl group (for example, methylnaphthyl
group), a C,-C, , alkoxynaphthyl group (for example, meth-
oxynaphthyl group), an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthylenyl group, a phe-
nalenyl group, a fluorenyl group, an anthraquinolyl group, a
methylanthryl group, a phenanthrenyl group, a triphenyle-
nyle group, a pyrenyl group, a chrysenyl group, an ethyl-
chrysenyl group, a picenyl group, a perylenyl group, a chloro
perylenyl group, a pentaphenyl group, a pentacenyl group, a
tetraphenylenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a coronenyl group, a trinaphthyl-
enyl group, a heptaphenyl group, a heptacenyl group, a pyran-
threnyl group, and an ovalenyl group. Examples of the sub-
stituted or unsubstituted C4-C,,, arylene group may refer to
the examples of the substituted or unsubstituted C4-C,, aryl
group described above.

[0055] In the present specification, the unsubstituted
C,-C,, heteroaryl group refers to a monovalent group having
a system in which at least one aromatic ring has at least one
hetero atom selected from N, O, P or S and the remaining ring
atoms all are carbon atoms, and the unsubstituted C,-C,,
heteroarylene group refers to a divalent group having a sys-
tem which includes at least one aromatic ring having at least
one hetero atom selected from N, O, P or S and the remaining
ring atoms all are carbon atoms. In this regard, if the het-
eroaryl group and the heteroarylene group include at least two
rings, the rings may be fused with each other, or linked to each
other by a single bond. In the heteroaryl group and the het-
eroarylene group, at least one hydrogen atom may be substi-
tuted with the substituents which are used to substitute the
alkyl group.

[0056] Examples of the unsubstituted C,-C,,, heteroaryl
group include a pyrazolyl group, an imidazolyl group, an
oxazolyl group, a thiazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a triazinyl group, a
carbazolyl group, an indolyl group, a quinolinyl group, and an
isoquinolinyl group. Examples of the unsubstituted C,-Cs,
heteroarylene group may refer to the examples of the substi-
tuted or unsubstituted C4-C,,, arylene group described above.
[0057] The condensed-cyclic compound represented by
Formula 1 may be synthesized using a known organic syn-
thesis method. A method of synthesizing the condensed-cy-
clic compound may be obvious to one of ordinary skill in the
art by referring to the following embodiments.
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[0058] For example, when p is 0, the condensed-cyclic
compound of Formula 1 may be synthesized according to
Reaction Scheme 1 below, but the synthesis method is not
limited thereto:

[0059] When p is, for example, 1, the condensed-cyclic
compound of Formula 1 may be synthesized according to
Reaction Scheme 2 below, but the synthesis method is not
limited thereto is not limited thereto:

Reaction Scheme 2
/ AZ\
NO,— A, ¥
& Ar—NO, —>
Al—/
-
Ary R—Ha
\ +
N X——NH or e
H K \ R,—Ha
AI‘]
Al —/
/Al
An
\ R,
N X—N/

[0060] With regard to Reaction Schemes 1 and 2, Ha rep-
resents a halogen element (for example, —F, —Cl, —Br or
—I).

[0061] The condensed-cyclic compound of Formula 1 may
be included in an organic layer of an organic light emitting
diode. Thus, an organic light emitting diode including a first
electrode, a second electrode facing the first electrode, and an
organic layer interposed between the first electrode and the
second electrode, wherein the organic layer includes the con-
densed-cyclic compound of Formula 1, is provided.

[0062] The organic layer may be a light emitting layer or a
hole transport layer, but is not limited thereto.

[0063] For example, when the organic layer is the light
emitting layer, the light emitting layer may further include, in
addition to the condensed-cyclic compound represented by
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Formula 1, a known host. However, the organic layer may
also include other materials in another embodiment.

[0064] FIG. 11is a schematic view of an organic light emit-
ting diode 10 according to an embodiment. Hereinafter, the
structure of the organic light emitting diode 10 and a method
of manufacturing the organic light emitting diode 10 will be
described.

[0065] The organic light emitting diode 10 includes a sub-
strate 11, afirst electrode 13, an organic layer 15, and a second
electrode 17 sequentially formed in this stated order.

[0066] The substrate 11 may be any substrate that is used in
a commonly used organic light emitting diode. For example,
the substrate 11 may be a glass substrate or a transparent
plastic substrate, either of which has high mechanical
strength, high thermal stability, high transparency, surface
smoothness and is waterproof.

[0067] The first electrode 13 may be formed by depositing
or sputtering a first electrode material on the substrate 11. If
the first electrode 13 is an anode, the first electrode material
may include a material having a high work function constant
so that holes are easily injected. The first electrode 13 may be
a reflective electrode or a transmissive electrode. The first
electrode material may be a material that is transparent and
highly conductive, such as indium tin oxide (ITO), indium
zine oxide (1Z0), tin oxide (Sn0O,), or zinc oxide (ZnO).
Alternatively, the first electrode material may be magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), potas-
sium (K), magnesium-indium (Mg—In), or magnesium-sil-
ver (Mg—Ag).

[0068] The organic layer 15 is formed on the first electrode
13. In the present specification, the term “organic layer”
indicates the layers interposed between the first electrode 13
and the second electrode 17. For example, the organic layer
may also include a metallic complex. For example, the
organic layer may further include other materials other than
an organic material.

[0069] The organic layer 15 may include at least one layer
selected from the group consisting of a hole injection layer, a
hole transport layer, a light emitting layer, a hole blocking
layer, an electron transport layer, and an electron injection
layer.

[0070] Theholeinjection layer (HIL) may be formed on the
first electrode 13 using a method selected from various known
methods such as a vacuum deposition method, a spin coating
method, a cast method, ora Langmuir Blodgett (LB) method.
[0071] If the HIL is formed using a vacuum deposition
method, deposition conditions may differ according to a com-
pound selected for preparing a target layer, a target layer
structure, and thermal characteristics, and for example, a
deposition temperature may be from about 100 to about 500°
C., adegree of vacuum may be from about 107 to about 107>
torr, and a deposition speed may be from about 0.01 to about
100 A/sec, but the deposition temperature, the degree of
vacuum, and the deposition speed is not limited thereto.
[0072] If the HIL is formed using a spin coating method,
coating conditions may differ according to a compound
selected for preparing a target layer, a target layer structure,
and thermal characteristics, and for example, a coating speed
may be from about 2000 rpm to about 5000 rpm and a tem-
perature at which a solvent used is removed after coating may
be from about 80° C. to about 200° C., but the coating speed
and the solvent removal temperature are not limited thereto.
[0073] A HIL material may be any known hole injection
material and may be, for example, N,N'-diphenyl-N,N'-bis-
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[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4 4'-diamine

(DNTPD) or a phthalocyanine compound such as a copper
phthalocyanine, 4,4',4"-tris (3-methylphenylphenylamino)
triphenylamine (m-MTDATA), TDATA, 2T-NATA, polya-
niline/dodecylbenzenesulfonic acid (Pani/DB SA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PS S), polyaniline/camphor sulfonic acid (Pani/CSA), or
(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS), but is
not limited thereto. Exemplary compounds are shown below:

e¥e
>
sUonsle
Jele

m-MTDATA

Ve
:
s¥one¥e
O O

TDATA
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[0074] The thickness of the HIL. may be from about 100 A
to about 10000 A, for example, from about 100 A to about
1000 A. If the thickness of the HIL is within this range,
satisfactory hole injection characteristics may be obtained
without a substantial increase in the driving voltage of the
organic light emitting diode.

[0075] The hole transport layer (HTL) may be formed on
the HIL using a method selected from various known meth-
ods such as a vacuum deposition method, a spin coating
method, a cast method, or an LB method. When the HTL is
formed using a vacuum deposition method or a spin coating
method, deposition conditions and coating conditions may
differ according to acompound selected for preparing a target
layer, but may be similar to those described with reference to
the HIL.

[0076] A HTL material may be any known hole transport
material, and may be, for example, a carbazole derivative
such as N-phenylcarbazole or polyvinylcarbazole; an amine
derivative having an aromatic condensation ting (such as
N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,
4'-diamine (TPD) or N,N'-di(naphthalene-1-y1)-N,N'-diphe-
nyl benzidine (NPD); or a triphenylamine-based material,
such as 4,4'4"-tris(N-carbazolyl)triphenylamine (TCTA).
Among these HTL materials, TCTA may have, in addition to
ahole transporting capability, a capability of blocking diftu-
sion of excitons generated in the light emitting layer. Exem-
plary compounds are shown below:

a-NPD
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[0077] Thethicknessof the HTL may be from about 50 A to
about 1000 A, for example, from about 100 A to about 800 A.
If the thickness of the HTL is within this range, satisfactory
hole transporting characteristics may be obtained without a
substantial increase in the driving voltage of the organic light
emitting diode.

[0078] The light emitting layer (EML) may be formed on
the HTL using a method selected from various known meth-
ods such as a vacuum deposition method, a spin coating
method, a cast method, or a LB method. When the EML is
formed using a vacuum deposition method or a spin coating
method, deposition conditions and coating conditions may
differ according to a compound selected for preparing a target
layer, but may be similar to those described with reference to
the HIL.

[0079] The EML may include the condensed-cyclic com-
pound of Formula 1 described above. The EML may include
only the condensed-cyclic compound, or further include, in
addition to the condensed-cyclic compound, a known host.
The known host may be Alqs, 4,4'-N,N'-dicarbazole-biphenyl
(CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naphthalene-
2-yl)anthracene(ADN), TCTA, 1,3,5-tris(N-phenylbenzimi-
dazole-2-yl)benzene (TPBI), 3-tert-butyl-9,10-di(naphth-2-
yl)anthracene (TBADN), E3, or distyrylarylene (DSA), but is
not limited thereto. Exemplary compounds are shown below:

A

N N

TPBI
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[0080] When the condensed-cyclic compound of Formula
1 (dopant) is used together with a host, the doping concentra-
tion of the condensed-cyclic compound may vary. For
example, in general, the doping concentration of the con-
densed-cyclic compound may be from about 0.01 to about 15
parts by weight based on about 100 parts by weight of the
host, but is not limited thereto.

[0081] The thickness of the EML may be from about 100 A
to about 1000 A, for example, from about 200 A to about 500
A. If the thickness of the EML is within this range, excellent
light emitting characteristics may be obtained without a sub-
stantial increase in the driving voltage of the organic light
emitting diode.

[0082] When a phosphorescent dopant is used to form the
EML, a hole blocking layer (HBL) may be further formed
between the HTL and the EML. The HBL blocks triplet
excitons or holes from diffusing into, for example, the ETL.
When the HBL is formed using a vacuum deposition method
or a spin coating method, deposition conditions and coating
conditions may differ according to a compound selected for
preparing a target layer, but may be similar to those described
with reference to the HIL. A hole blocking material may be
any known hole blocking material. For example, the hole
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blocking material may be an oxadiazole derivative, a triazole
derivative, or a phenanthroline derivative.

[0083] The thickness of the HBL may be from about 50 A
to about 1000 A, for example, from about 100 A to about 300
A. If the thickness of the HBL is within this range, excellent
hole blocking characteristics may be obtained without a sub-
stantial increase in the driving voltage of the organic light
emitting diode.

[0084] Then, electron transport layer (ETL) may be formed
using a method selected from various known methods such as
a vacuum deposition method, a spin coating method, or a cast
method. When the ETL is formed using a vacuum deposition
method or a spin coating method, deposition conditions and
coating conditions may differ according to a compound
selected for preparing a target layer, but may be similar to
those described with reference to the HIL. An ETL material
may stably transport electrons injected from an electron
injection electrode (cathode), and may be any known electron
transporting material. For example, the ETL may be a quino-
line derivative such as tris(8-quinolinolate)aluminum (Algs ),
TAZ, Balq, or beryllium bis benzoquinolin-10-olate (Bebq, ),
but is not limited thereto. Exemplary compounds are shown
below:

<Balg>

[0085] The thickness of the ETL. may be from about 100 A
to about 1000 A, for example, from about 150 A to about 500
A. If the thickness of the ETL is within this range, excellent
electron transporting characteristics may be obtained without
a substantial increase in the driving voltage of the organic
light emitting diode.

[0086] In addition, the electron injection layer (EIL) may
be formed on the ETL. The EIL, may include an EIL, material
that allows electrons to be easily injected from a cathode, and
the EIL material may not be particularly limited.

[0087] The EIL material may be any known EIL material
such as LiF, NaCl, CsF, Li,O, or BaO. Deposition conditions
for forming the EIL may differ according to a compound
selected for preparing a target layer, and may be similar to
those described with reference to the HIL.

[0088] The thickness of the EIL. may be from about 1 A to
about 100 A, for example, from about 3 Atoabout 90 A. Ifthe
thickness of the EIL is within this range, excellent electron
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injection characteristics may be obtained without a substan-
tial increase in the driving voltage of the organic light emit-
ting diode.

[0089] The second electrode 17 may be formed on the
organic layer 15. The second electrode 17 may be a transmis-
sive electrode. The second electrode 17 may be a cathode that
is an electron injection electrode. When the second electrode
17 is acathode, the second electrode 17 may be manufactured
using a metal, an alloy, an electrically conductive compound,
or a mixture thereof, each of which has a low work function
constant, such as lithium (Li), magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), potassium (K), magne-
sium-indium (Mg—In), or magnesium-silver (Mg—Ag). In
addition, for a top emission type light emitting diode, the
second electrode 17 may be a transmissive electrode includ-
ing ITO or IZO.

[0090] Hereinafter, an organic light emitting diode accord-
ing to an embodiment will be described in detail with refer-
ence to examples. These examples are for illustrative pur-
poses only and are not intended to limit the scope of the
present embodiments.

Examples
Synthesis Example 1
Synthesis of Compound 1
1-1) Synthesis of 2-bromoanthraquinone

[0091] 200g (0.896 mol) of 2-aminoanthraquinone, 240.13
g (1.075 mol) of CuBr,, 4L of acetonitrile, and 138.58 g
(1.344 mol) of t-butylnitrite were loaded into a 10 L reactor
and then the temperature was increased to 65° C. After 3-hour
reaction, the temperature was decreased to room temperature
and then 3 L of 2N HCI was added thereto, thereby producing
a solid. The solid was filtered and washed with 10 L of water,
thereby producing a dark brown solid (203 g, 89%).

1-2) Synthesis of 2-bromo-9,10-diphenylanthracene

[0092] 164 g(1.045 mol) of bromobenzene was loaded into
a2 L reactor, and then 700 ml of THF was added thereto. The
temperature of the reactor was lowered to —78° C., and then
653.06 ml (1.045 mol) of 1.6M n-BuLi was slowly added
dropwise thereto.

[0093] Then, the mixture was stirred for about one hour at
low temperature and then, 100 g (0.348 mol) of 2-bromoan-
thraquinone obtained from 1-1) was added thereto. The
resultant mixture was reacted at room temperature for 6 hours
and then 200 ml of 2N HCI was added thereto. The reaction
mixture was subjected to layer isolation and an organic sol-
vent included in an organic layer was removed under reduced
pressure, thereby obtaining intermediate A. Intermediate A,
173.45 g (1.045 mol) of K1, 221.50 g (2.090 mol) of sodium
hyphophosphite, and 1000 m] of AcOH were addedto a2 L
reactor and refluxed for 3 hours. The resultant product was
cooled to room temperature, thereby producing a solid. The
solid was filtered and washed with methanol and water, and
then, re-crystallized with toluene, thereby producing a brown
solid (105 g, 73%).

1-3) Synthesis of 9,10-diphenylanthracene-2-boronic
acid

[0094] 10 g (0.024 mol) of 2-bromo-9,10-diphenylan-
thracene obtained from 1-2) and 100 ml of THF were loaded
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into a 500 ml reactor. Then, the temperature of the reactor was
lowered to —78° C. and 16.80 ml (0.027 mol) of 1.6M n-Bul.i
was slowly added dropwise thereto. Then, the mixture was
stirred for about one hour at low temperature and then 3.84 g
(0.037 mol) of trimethylborate was added dropwise thereto.
Then, the resultant mixture was stirred at room temperature
for 4 hours and then 10 ml of 2N HCI was added thereto.
Then, 100 ml of EA (ethyl acetate) was added to the obtained
mixture and extracted twice with EA/H,O, and an organic
solvent was removed under reduced pressure. The obtained
product was re-crystallized with EA/Hx (hexane), thereby
producing a yellowish white crystal (6 g, 66%).

1-4) Synthesis of
2-(2-nitrophenyl)-9,10-diphenylanthracene

[0095] 4 g (0.0107 mol) of 9,10-diphenylanthracene-2-bo-
ronic acid obtained from 1-3), 1.8 g (0.009 mol) of 2-bro-
monitrobenzene, 0.2 g (0.17 mmol) of Pd(PPh,),, 2.5 g
(0.018 mol) of K,CO;, 30 ml of THF, 30 ml of 1,4-dioxane,
and 10 ml of H,O were loaded into a reactor and then the
mixture was refluxed for 12 hours. The resultant product was
cooled to room temperature and then subjected to layer iso-
lation and an organic solvent included in an organic layer was
removed under reduced pressure, thereby producing a solid.
The solid was washed with 100 ml of water and 100 ml of
methanol, and then column separation (methylene chloride
(MC):hexane (Hx)=1:9) was performed thereon, thereby
obtaining a yellow solid (3 g, 75%).

1-5) Synthesis of 6,11-diphenyl-12-H-12-aza
indeno[1,2-b]anthracene

[0096] 21 g (0.0571 mol) of 2-(2-nitrophenyl)-9,10-diphe-
nylanthracene obtained from 1-4), 42.5 g (0.1714 mol) of
PPh;, 150 ml of dichlorobenzene were loaded into a 500 ml
reactor and then refluxed for 10 hours. After the reaction was
terminated, the reaction solution was poured into a 11 beaker
and then heated until the amount of dichlorobenzene was
reduced to be half of its initial amount. The resultant mixture
was cooled to room temperature and then 500 ml of methanol
was added thereto to precipitate a solid. The solid was filtered
and then dissolved with 150 ml of toluene while heating.
Then, the resultant solution was filtered through a Buchner
funnel containing celite and silica gel. The filtrate was
removed under reduced pressure and then re-crystallization
was performed with toluene and methanol, thereby producing
a yellow solid (18 g, 92%).

1-6) Synthesis of 6,11-diphenyl-12-methyl-12-aza
indeno[ 1,2-b]anthracene (Compound 1:)

[0097] 2 g (4.77 mmol) of 6,11-diphenyl-12-H-12-aza
indeno[ 1,2-b]anthracene obtained from 1-5) was dissolved in
30 ml of THF in a 100 ml reactor, and then 1 g (9.5 mmol) of
Na(t-BuO) was added thereto. 14 g (9.5 mmol) of
lodomethane was slowly added dropwise to the obtained
mixture for 20 minutes. Then, the resultant mixture was
stirred at room temperature for 30 minutes and then an
organic solvent was removed under reduced pressure, thereby
producing a solid.

[0098] The solid was dissolved in toluene and then filtered
through a Buchner funnel containing celite and silica gel. The
filtrate was removed under reduced pressure and then re-
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crystallization was performed with toluene, thereby produc-
ing a yellow solid (1.4 g, 67%).

[0099] Mp272.15°C.

[0100] 1HNMR (CDCI3,300 Mhz), 38.320 (d,1H), 38.078
(d,1H), 67.933 (d,1H), §7.74~7.265(m,1 7H)

Compound 1
‘ [ N

Synthesis Example 2
Synthesis of Compound 8
2-1) Synthesis of 2,6-dibromoanthraquinone

[0101] 198.2g(1.5 mol)oftert-butylnitriteand 279.1g (1.2
mol) of Cu(IDBr were diluted with 6000 m1 of acetonitirle in
a 10L flask, and then the temperature was increased to 65° C.
and 119.1 g (0.5 mol) of 2,6-diaminoanthraquinone was
slowly added thereto for 5 minutes. When formation of N, gas
stopped, the temperature was lowered to room temperature
and then 3.6 L of 2N HCI (aq) was added thereto and then
stirred, thereby producing a solid. The solid was filtered and
washed with excess water, MeOH, and acetone and then
dried, thereby producing 2,6-dibromoanthraquinone (180 g,
98.4%) (2,6-dibromoanthraquinone).

2-2) Synthesis of
2,6-dibromo-9,10-diphenylanthracene

[0102] 128.7 g (0.82 mol) of bromobenzene was dissolved
with THF in a 5 L flask and the temperature was lowered to
-78° C. and 426 ml (0.68 mol) of 1.6M n-BuLi was slowly
added dropwise thereto. The mixture was stirred for one hour
and 100 g (0.27 mol) of 2,6-dibromoanthraquinone obtained
from 2-1) was slowly added thereto in a solid state and then
the temperature was slowly increased to room temperature
and the resultant mixture was stirred. After 12 hours, 500 ml
of 2N HCl (aq) was added thereto and an organic layer was
isolated and dried over MgSO, and subjected to be under
reduced pressure, thereby producing Compound B. The
Compound B was used in the subsequent reaction without
purification. Compound B, 136.0 g (0.82 mol) of KI, and
173.7 g (1.64 mol) of NaH,PO,.H,O were diluted with an
acetic acid and refluxed while heating. The obtained mixture
was cooled to room temperature, thereby producing a solid.
The solid was filtered and washed with excess water and
MeOH. The resultant solid was re-crystallized with 300 ml of
toluene and 2,6-dibromo-9,10-diphenylanthracene (100 g,
75%) was obtained.

2-3) Synthesis of nitrophenyl-2-boronic acid
[0103] 70 g (0.28 mol) of 2-iodonitrobenzene was dis-
solved with 600 ml of THF ina 1 L flask and the temperature
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was lowered to =78° C., and then 154.6 ml (309 mol) of 2M
PhMgCl was slowly added dropwise thereto. After 30 min-
utes, 35.0 g (337.2 mol) of B(OCH;); was slowly added
dropwise thereto, the temperature was raised to room tem-
perature and then the resultant mixture was stirred. 280 ml of
2N HCl(aq) was added to the obtained mixture at a tempera-
ture of 0° C. and then, the mixture was extracted using EA and
an organic layer was dried over MgSQO,, and condensed under
reduced pressure, thereby producing a solid. The solid was
mixed with hexane to produce slurry and the slurry was fil-
tered to produce nitrophenyl-2-boronic acid (41 g, 87%).

2-4) Synthesis of
2,6-(2-nitrophenyl)-9,10-diphenylanthracene

[0104] 30 g (61.4 mmol) of 2,6-dibromo-9.10-diphenylan-
thracene obtained from 2-2), 25.6 g (153.6 mmol) of nitro-
phenyl-2-boronic acid obtained from 2-3), 3.5 g (0.05 mmol)
of Pd(PPh,),, and 33.9 g (245.8 mmol) of K,CO, were
diluted with 90 ml of dioxane, 90 ml of THF, and 30 ml of
H,O0 and then, the mixture was refluxed while heating. After
four days, a solvent was removed and then the resultant mix-
ture was extracted using MC and washed with a saturated
NaCl solution. Then, an organic layer was dried and con-
densed over MgSO,,, and then purification was performed by
column chromatography (MC/Hex=1/4), thereby producing
2,6-(2-nitrophenyl)-9,10-diphenylanthracene (8.5 g, 24%)
that was yellow solid.

2-5) Synthesis of 8-H,6-H-8,6-diaza
diindeno[1,2-b],[1',2'-i]anthracene

[0105] 8.5 g (14.8 mmol) of 2,6-(2-nitrophenyl)-9,10-
diphenylanthracene obtained from 2-4) was dissolved with 80
ml of 1,2-dichlorobenzene in a 250 ml flask, and then 37.1 g
(72.2 mmol) of PPh, was added thereto and the mixture was
refluxed while heating. After 12 hours, a solvent was
removed, and purification was performed by column chroma-
tography (MC/Hex=1/10) to obtain 8-H,6-H-8,6-diaza diin-
deno[1,2-b],[1',2'-i]anthracene (7.5 g, 98%) that was color-
less.

2-6) Synthesis of 8,6-dimethyl-8,6-diaza diindeno[1,
2-b],[1',2-1]anthracene (Compound 8)

[0106] 7.7 g(15.2 mmol) of 8-H,6-H-8,6-diaza diindenol 1,
2-b],[1',2"-i]anthracene was dissolved with 70 ml of THE in a
250 ml flask, and 3.6 g (38.1 mmol) of t-BuONa was added
thereto and then, CH,I was slowly added thereto at room
temperature. After 30 minutes, a solvent was removed to
obtain a solid. The solid was hot filtered twice using dichlo-
robenzene, and also re-crystallized using pyridine once.
Then, the resultant product was dried under reduced pressure
to obtain 8,6-dimethyl-8,6-diaza diindeno[1,2-b].[1',2-i]an-
thracene (4.9, 60%) that was white yellow.

[0107] Mp=298° C.

[0108] 1HNMR (300 MHz,CDCI3)62.92 (6H,d),7.24~7.
66 (14H, m), 7.86(2H, s), 7.98 (2H, d), 8.14 (4H, m)
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Compound 8

Synthesis Example 3

Synthesis of Compound 16

3-1) Synthesis of 2-bromo-9,10-di(naphthyl)an-
thracene

[0109] 360 g (1.74 mol) of bromonaphthalene was dis-
solved with THF in a 5 L flask and the temperature was
lowered to —78° C. and 1600 ml (1.6 mol) of 1.6M n-Bul.i
was slowly added dropwise thereto. The mixture was stirred
for one hour, and then 200 g (0.68 mol) of 2-bromoan-
thraquinone was added thereto in a solid state and then the
temperature was slowly raised to room temperature and the
resultant mixture was stirred. After 12 hours, 500 ml of 2N
HCl(aq) was added thereto. Then, an organic layer was iso-
lated and dried over MgSO,, and condensed under reduced
pressure, thereby producing Compound C. The Compound C
was used in the subsequent reaction without purification.
Compound C, 346 g (2.09 mol) of KI, and 443 g (4.1 mol) of
NaH,P0O,.H,O were diluted with an acetic acid and then the
mixture was refluxed while heating. The temperature was
lowered to room temperature and thus a solid was precipi-
tated. The solid was filtered, washed with excess water and
MeOH, and re-crystallized with 300 m! of toluene, thereby
producing 2-bromo-9,10-di(2-naphthyl)anthracene (230 g,
64%).

3-2) Synthesis of
2-bromo-9,10-di(2-naphthyl)anthracene

[0110] 190 g (0.37 mol) of 2-bromo-9,10-di(2-naphthyl)
anthracene obtained from 3-1) was dissolved with 1.5 L of
THF ina 5L flask and the temperature was cooled to -78° C.
Then, 279 ml (0.44 mol) of 1.6 M n-BuLi was slowly added
dropwise thereto. After one hour, 140 g (0.74 mol) of
B(OiPr), was slowly added dropwise thereto and the tem-
perature was raised to room temperature and the mixture was
stirred. 1 L of 2N HCl(aq) was added to the resultant mixture
at a temperature of 0° C. and then the mixture was extracted
using EA. An organic layer was dried over MgSO, and then
re-crystallized with EA/hexane, thereby producing 2-bromo-
9,10-di(2-naphthyl)anthracene (150 g, 84%).

3-3) Synthesis of 2-(2-nitrophenyl1)-9,10-di(2-naph-
thyl)anthracene

[0111] 10 g (21.1 mmol) of 9,10-dinaphthylanthracene-2-
boronic acid, 10.64 g (52.7 mmol) of bromonitrobenzene,
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1.21 g (0.05 mmol) of Pd(PPhy),, and 11.65 g (84.3 mmol) of
K,CO; were diluted with 100 ml of dioxane, 100 ml of THF,
and 30 ml of H,O, and then, the mixture was refluxed while
heating. After 12 hours, a solvent was removed and the result-
ant mixture was extracted using MC and washed with a satu-
rated NaCl solution. Then, an organic layer was dried and
condensed over MgSQO,, and the obtained product was puri-
fied by column chromatography (MC/Hex=1/5), thereby pro-
ducing 2-(2-nitrophenyl)-9,10-di(2-naphthyl)anthracene that
was yellow solid (8.4 g, 73%).

3-4) Synthesis of 6,11-di(2-naphthyl)-12-H-12-aza-
indeno[1,2-b]anthracene

[0112] 8.4 g (15.2 mmol) of 2-(2-nitrophenyl)-9,10-di(2-
naphthyl)anthracene obtained from 3-3) was dissolved in 80
ml of 1,2-dichlorobenzene in a 250 ml flask and then 45.6
mmol (22.8 g) of PPh, was added thereto, and the mixture was
refluxed while heating. After 12 hours, a solvent was removed
and the resultant mixture was purified by column chromatog-
raphy (MC/Hex=1/10), thereby producing 6,11-di(2-naph-
thyl)-12-H-12-aza-indeno[ 1,2-bJanthracene (7.4 g, 96%) that
was a colorless solid.

3-5) Synthesis of 6,11-di(2-naphthyl)-12-methyl-12-
aza indeno[1,2-b]anthracene (Compound 16:)

[0113] 7.4 g (14.2 mmol) of 6,11-di(2-naphthyl)-12-H-12-
aza-indeno[ 1,2-b]anthracene was dissolved with 70 ml of
THF in a 250 ml flask, and 1.64 g (17.0 mmol) of t-BuONa
was added thereto and then, 2.4 ml (17.0 mmol) of CH,I was
slowly added thereto at room temperature. After 30 minutes,
a solvent was removed to obtain a solid, and the solid was hot
filtered twice using dichlorobenzene, and re-crystallized
three times using dichlorobenzene. Then, the resultant solid
was dried under reduced pressure, thereby producing 6,11-di
(2-naphthyl)-12-methyl-12-aza  indeno[1,2-bJanthracene
(3.5 g, 46%) that was white yellow.

[0114] Mp=274°C.

[0115] 1H NMR (300 MHz; CDCI3) 6 2.87 (3H, 2),
7.28~8.34 (24H, m)

Compound 16
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Example 1

[0116] AnITO layer on a substrate was patterned such that
a light emitting area had a size of 2 mmx2 mm, and then
washed. The substrate including the patterned ITO layer was
loaded into a vacuum chamber and then, a base pressure was
controlled to be 1x107° torr. Then, a DNTPD layer (700 A),
an NPD layer (300 A), a layer including AND(host) and
Compound 1 (dopant: 3 weight %) (250 A), a Bebq2 layer
(250 A), a LiF layer (5 A), and an Al layer (700 A) were
sequentially formed on the ITO layer on the substrate in this

stated order, thereby manufacturing an organic light emitting
diode.

Example 2

[0117] An organic light emitting diode was manufactured
in the same manner as in Example 1, except that Compound
8 was used instead of Compound 1.

Example 3

[0118] An organic light emitting diode was manufactured
in the same manner as in Example 1, except that Compound
16 was used instead of Compound 1.

Evaluation Example

[0119] The driving voltage, current at the driving voltage,
current density, brightness, electric power, quantum effi-
ciency, and efficiency of the organic light emitting diodes
manufactured according to Examples 1 to 3 were evaluated
using a PR650 (Spectroscan) Source Measurement Unit.
(Manufacturer: PhotoResearch Co., Chatworth, Calif.). The
results are shown in Table 1 below.

TABLE 1

Example 1 Example2  Example 3
Driving voltage (V) 6.03 5.49 5.52
Current at the driving 0.0004 0.0004 0.0004
voltage (A)
Current density 10 10 10
(mA/cm2)
Brightness (Cd/A) 11.22 1.56 13.17
Electric power (In/W) 5.84 6.04 7.49
Quantum efficiency 543 423 5.62
(QE)
Efficiency 1122 1056 1317

(Cd/m®)(magnification)

[0120] As described above, an organic light emitting diode
having an organic layer including the condensed-cyclic com-
pound of Formula 1 has low driving voltage, high current
density, high luminosity, high quantum efficiency, high effi-
ciency.

[0121] While the present embodiments have been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary 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 embodiments as described by the follow-
ing claims.
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What is claimed is:

1. The condensed-cyclic compound represented by For-
mula 1:

Formula 1

Ary Ry
\ /
/N X—N\
a
wherein

X is selected from the group consisting of a substituted or
unsubstituted C4-C,, aromatic polycyclic core and a
substituted or unsubstituted C;-C,, heteroaromatic
polycyclic core;

Ar, and Ar, are, each independently selected from the
group consisting of a substituted or unsubstituted
Cs-C4, arylene group, and a substituted or unsubstituted
C;-C,, heteroarylene group;

A, and A, are, each independently, a divalent linking group
represented by —[C(Q,)(Q,)],- where Q, and Q, are,
each independently selected from the group consisting
of a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C,,, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C,-C,, aryloxy group, a substituted or
unsubstituted C4-Cs,, aryl group, and a substituted or
unsubstituted C5-C,, heteroaryl group, and q is an inte-
ger from 0 to 3;

R, and R, are each independently selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,4-C;,, aryloxy group, a
substituted or unsubstituted C,-C,,, aryl group, a substi-
tuted or unsubstituted C,-C;,, heteroaryl group, and a
group represented by —N(Q;)(Q,,) where Q, and Q, are,
each independently selected from the group consisting
of a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,,, alkenyl group, a substituted or
unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or
unsubstituted C4-Cs, aryl group, and a substituted or
unsubstituted C,-C;, heteroaryl group, and Q, and Q,
are optionally fused with each other, or linked to each
other by a single bond, a double bond, or a C,-C; alky-
lene group, thereby forming a saturated or unsaturated
ring; and
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p is an integer from 0 to 10,

wherein at least two groups selected from of X, Ar|, Ar,,
R, R,, Q,, and Q, are optionally fused with each other,
or linked to each other by a single bond or a double bond.

2. The condensed-cyclic compound of claim 1, wherein X
is selected from the group consisting of a substituted or
unsubstituted pentalene core, a substituted or unsubstituted
indene core, a substituted or unsubstituted naphthalene core,
a substituted or unsubstituted azulene core, a substituted or
unsubstituted heptalene core, a substituted or unsubstituted
indacene core, a substituted or unsubstituted acenaphthylene
core, a substituted or unsubstituted fluorene core, a substi-
tuted or unsubstituted phenalene core, a substituted or unsub-
stituted phenanthrene core, a substituted or unsubstituted
anthracene core, a substituted or unsubstituted fluoranthene
core, a substituted or unsubstituted triphenylene core, a sub-
stituted or unsubstituted pyrene core, a substituted or unsub-
stituted chrysene core, a substituted or unsubstituted naph-
thacene core, a substituted or unsubstituted picene core, a
substituted or unsubstituted perylene core, a substituted or
unsubstituted pentaphene core, a substituted or unsubstituted
hexacene core, a substituted or unsubstituted pyrrole core, a
substituted or unsubstituted pyrazole core, a substituted or
unsubstituted imidazole core, a substituted or unsubstituted
imidazoline core, a substituted or unsubstituted pyridine core,
a substituted or unsubstituted pyrazine core, a substituted or
unsubstituted pyrimidine core, a substituted or unsubstituted
indole core, a substituted or unsubstituted purine core, a sub-
stituted or unsubstituted quinoline core, a substituted or
unsubstituted phthalazine core, a substituted or unsubstituted
indolizine core, a substituted or unsubstituted naphthyridine
core, a substituted or unsubstituted quinazoline core, a sub-
stituted or unsubstituted cinnoline core, a substituted or
unsubstituted indazole core, a substituted or unsubstituted
carbazole core, a substituted or unsubstituted phenazine core,
a substituted or unsubstituted phenanthridine core, a substi-
tuted or unsubstituted pyran core, a substituted or unsubsti-
tuted chromene core, a substituted or unsubstituted benzofu-
ran core, a substituted or unsubstituted thiophene core, a
substituted or unsubstituted benzothiophene core, a substi-
tuted or unsubstituted isothiazole core, a substituted or unsub-
stituted isoxazole core, and a substituted or unsubstituted
phenyl-benzene core.

3. The condensed-cyclic compound of claim 1, wherein X
is selected from the group consisting of a substituted or
unsubstituted anthracene core, a substituted or unsubstituted
naphthalene core, a substituted or unsubstituted phenyl-ben-
zene core, and a substituted or unsubstituted pyrene core.

4. The condensed-cyclic compound of claim 1, wherein
when X comprises at least one substituent, wherein the at
least one substituent is independently selected from the group
consisting of a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C,-C,,
alkenyl group, a substituted or unsubstituted C,-C;, alkynyl
group, a substituted or unsubstituted C,-C,,, alkoxy group, a
substituted or unsubstituted C4-Cs, aryloxy group, a substi-
tuted or unsubstituted C,-C;, aryl group, a substituted or
unsubstituted C;-C,, heteroaryl group, and a group repre-
sented by —N(Q,)(Qo)

where Q5 and Q are, each independently selected from the

group consisting of a hydrogen atom, a heavy hydrogen
atom, a halogen atom, a hydroxyl group, a cyano group,
asubstituted or unsubstituted C, -C,,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkenyl group, a substi-
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tuted or unsubstituted C,-C,, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,4-C;,, aryloxy group, a
substituted or unsubstituted C4-C,, aryl group, and a
substituted or unsubstituted C;-C,, heteroaryl group,
and

wherein Q5 and Q; are optionally fused with each other, or
linked to each other by a single bond, a double bond, or
a C,-C, alkylene group.

5. The condensed-cyclic compound of claim 1, wherein
Ar, and Ar, are, each independently selected from the group
consisting of a substituted or unsubstituted phenylene group,
a substituted or unsubstituted pentalenylene group, a substi-
tuted or unsubstituted indenylene group, a substituted or
unsubstituted naphthylene group, a substituted or unsubsti-
tuted azulenylene group, a substituted or unsubstituted hep-
talenylene group, a substituted or unsubstituted indacenylene
group, a substituted or unsubstituted acenaphthylene group, a
substituted or unsubstituted fluorenylene group, a substituted
orunsubstituted phenalenylene group, a substituted or unsub-
stituted phenanthrenylene group, a substituted or unsubsti-
tuted anthracenylene group, a substituted or unsubstituted
fluoranthenylene group, a substituted or unsubstituted triph-
enylenylene group, a substituted or unsubstituted pyrenyle-
nylene group, a substituted or unsubstituted chrysenylene
group, a substituted or unsubstituted naphthacenylene group,
a substituted or unsubstituted picenylene group, a substituted
or unsubstituted perylenylene group, a substituted or unsub-
stituted pentaphenylene group, a substituted or unsubstituted
hexacenylene group, a substituted or unsubstituted pyrro-
lylene group, a substituted or unsubstituted pyrazolylene
group, a substituted or unsubstituted imidazolylene group, a
substituted or unsubstituted imidazolinylene group, a substi-
tuted or unsubstituted pyridinylene group, a substituted or
unsubstituted pyrazinylene group, a substituted or unsubsti-
tuted pyrimidinylene group, a substituted or unsubstituted
indolylene group, a substituted or unsubstituted purinylene
group, a substituted or unsubstituted quinolinylene group, a
substituted or unsubstituted phthalazinylene group, a substi-
tuted or unsubstituted indolizinylene group, a substituted or
unsubstituted naphthyridinylene group, a substituted or
unsubstituted quinazolinylene group, a substituted or unsub-
stituted cinnolinylene group, a substituted or unsubstituted
indazolylene group, a substituted or unsubstituted carba-
zolylene group, a substituted or unsubstituted phenazinylene
group, a substituted or unsubstituted phenanthridinylene
group, a substituted or unsubstituted pyranylene group, a
substituted or unsubstituted chromenylene group, a substi-
tuted or unsubstituted benzofuranylene group, a substituted
or unsubstituted thiophenylene group, a substituted or unsub-
stituted benzothiophenylene group, a substituted or unsubsti-
tuted isothiazolylene group, and a substituted or unsubsti-
tuted isoxazolylene group.

6. The condensed-cyclic compound of claim 1, wherein
Ar, and Ar, are, each independently selected from the group
consisting of a substituted or unsubstituted phenylene group,
a substituted or unsubstituted naphthylene group, and a sub-
stituted or unsubstituted anthracenylene group.

7. The condensed-cyclic compound of claim 1, wherein Q,
and Q, are each independently selected from the group con-
sisting of a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted C,-C, , alkyl group, a substituted or unsubsti-
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tuted C,-C,, alkoxy group, a substituted or unsubstituted
C4-C,¢ aryl group, and a substituted or unsubstituted C5-C 4
heteroaryl group.

8. The condensed-cyclic compound of claim 1, wherein q is
0.

9. The condensed-cyclic compound of claim 1, wherein q is
an integer from 1 to 3.

10. The condensed-cyclic compound of claim 1, wherein
R, and R, are each independently selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom, a
halogen atom, a hydroxyl group, a cyano group, a substituted
or unsubstituted C,-C,, alkyl group, a substituted or unsub-
stituted C,-C,, alkoxy group, a substituted or unsubstituted
C¢-C, aryl group, a substituted or unsubstituted C,-C, ; het-
eroaryl group, and a group represented by —N(Q3)(Q,);

wherein Q, and Q, are, each independently, selected from

the group consisting of a hydrogen atom, aheavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C, , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4-C, ¢ aryl group, and a
substituted or unsubstituted C,-C,; heteroaryl group,
and

wherein Q, and Q, are optionally fused with each other, or

linked to each other by a single bond, a double bond, or
a C,-C, alkylene group.

11. The condensed-cyclic compound of claim 1, wherein p
is 0.

12. The condensed-cyclic compound of claim 1, wherein p
is 1.

13. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is represented by any one of
Formulas 1 a-1 to 1h-1:

Formula 1a-1
Zs Z 73 Ry
|
77 N\
Ar
7
Ze 7y Z4
Formula 1b-1
Zs Zl Zg Rl
|
N
Al‘z \
\ Ary
|
RZ 25 Zz Z4
Formula 1e-1
Ry
Z \N
1
\Ar1
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-continued
Formula 1d-1
R
Z \N
1
\Arl
73
N Zy
\
Rz

Formula le-1

Formula 1£-1

Formula 1g-1

73
Ary

2 /

Formula 1h-1

wherein

Ar, and Ar, are, each independently, selected from the
group consisting of a substituted or unsubstituted
C4-C ¢ arylene group, and a substituted or unsubstituted
C;-C ¢ heteroarylene group;
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R, and R, are, each independently, selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C,-C, ¢ aryl group, a substituted or
unsubstituted C5-C | ¢ heteroaryl group, and a group rep-

resented by —N(Q;)(Q.),

wherein Q; and Q, are, each independently, selected from
the group consisting of a hydrogen atom, aheavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C, , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C, ; aryl group, and a
substituted or unsubstituted C;-C, heteroaryl group,
and

wherein Q, and Q, optionally are fused with each other, or
linked to each other by a single bond, a double bond, or
a C,-C; alkylene group and

wherein Z, to Z are, each independently, selected from the
group consisting of a hydrogen atom, a heavy hydrogen
atom, a halogen atom, a hydroxyl group, a cyano group,
asubstituted or unsubstituted C, -C, , alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C4-C, 5 aryl group, a substituted or
unsubstituted C,-C, ¢ heteroaryl group, and a group rep-
resented by a group represented by —N(Q5)(Qg).

wherein Q5 and Q, are each independently selected from
the group consisting of a hydrogen atom, aheavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C, , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4-C | aryl group, and a
substituted or unsubstituted C;-C, heteroaryl group,
and

wherein Q, and Q; are optionally fused with each other, or
linked to each other by a single bond, a double bond, or
a C,-C, alkylene group.

14. The condensed-cyclic compound of claim 1, wherein

the condensed-cyclic compound is represented by any one of
Formulas 1a-2 to 1h-2:

Formula 1a-2

Zs Z Z3 R,
Ar
/
7 Al
Zg 7> Zy
Formula 1b-2
s 7, 7 R,
|
/AZ N\
AI‘Z AI]
\
| "
Ry Zs 7 74
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-continued
Formula 1¢-2
Ry
\
7 N\
Ary
Zz O "
Zs 7y
Formula 1d-2
Ry
\
A N\
Arg
O {
ZZ A
Ay Z3
/
An
Ny 7,
\
Ry
Formula le-2
Z
Z3
Z4 Al\
Arg
Zs N/
L R,
Z; Zs
Zg
Formula 1£-2
Formula 1g-2
Z Z
A Al
\
Ary
Zs O N/
7 74

23
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-continued
Formula 1h-2
Zy Z
R, N\
| /!
/ ¥
AI2 Il{
\ 1
A2 Z4
Zg Zs
wherein

Ar, and Ar, are, each independently, selected from the
group consisting of a substituted or unsubstituted
C4-C, ¢ arylene group, and a substituted or unsubstituted
C;-C,4 heteroarylene group;

A, and A, are, each independently, a divalent linking group
represented by —[C(Q,)(Q,)],- where Q, and Q, are,
each independently, selected from the group consisting
of a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C, ¢ aryl group, and a substituted or
unsubstituted C5-C, ¢ heteroaryl group, and q is an inte-
ger from 1 to 3;

R, and R, are, each independently, selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C4-C  ; aryl group, a substituted or
unsubstituted C,-C, 4 heteroaryl group, and a group rep-

resented by —N(Q;)(Qy),

wherein Q, and Q, are, each independently, selected from
the group consisting of a hydrogen atom, aheavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4-C | aryl group, and a
substituted or unsubstituted C;-C, ¢ heteroaryl group,
and Q, and Q, optionally are selectively fused with each
other, or linked to each other by a single bond, a double
bond, or a C,-C, alkylene group; and

Z, 10 Z are, each independently, selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C.-C, ¢ aryl group, a substituted or
unsubstituted C5-C | ; heteroaryl group, and a group rep-
resented by a group represented by —N(Q)(Q,). and

wherein Q, and Q are, each independently, selected from
the group consisting of a hydrogen atom, aheavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C,-C, aryl group, and a
substituted or unsubstituted C;-C, ¢ heteroaryl group,
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and Qs and Qg are optionally fused with each other, or
linked to each other by a single bond, a double bond, or -continued
aC,-C, alkylene group. Formula 2¢-1
15. The condensed-cyclic compound of claim 1, wherein Zy Zyy

the condensed-cyclic compound is represented by any one of
Formulas 2a-1 to 2h-1:

Formula 2a-1
Zs Zy Z3 1|11 7y
Z; N, Zp
Formula 2f-1
7y 71
74 Zy
Zs 7 Zy Zia
Formula 2b-1
Zys Zs 7 Z3 II{] Zy
Zys N Zi Zyg Zs
O Formula 2g-1
Zy; Ir Zy3 -
Zg R Zg Zy Zy Zy Ziz

Formula 2¢-1

Formula 2h-1
53 Z Zy

Formula 2d-1

wherein

R, and R, are, each independently, selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C4-C | ; aryl group, a substituted or
unsubstituted C5-C | ; heteroaryl group, and a group rep-
resented by —N(Q,)(Q,) where Q, and Q, are, each
independently, a hydrogen atom, a heavy hydrogen
atom, a halogen atom, a hydroxyl group, a cyano group,
asubstituted or unsubstituted C, -C, , alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C¢-C, 4 aryl group, and a substi-
tuted or unsubstituted C,-C, ¢ heteroaryl group, and Q;
and Q, are optionally fused with each other, or linked to
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each other by a single bond, a double bond, or a C,-C,
alkylene group, thereby forming a saturated or unsatur-
ated ring; and

7,10 Zgand 7, to 7,4 are, each independently, selected
from the group consisting of a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C, , alkyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C4-C, ; aryl group,
a substituted or unsubstituted C;-C, ; heteroaryl group,
and a group represented by a group represented by

—N(Qs)(Qo):

wherein Q5 and Qg are, each independently, a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsub-
stituted C,-C,,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkoxy group, a substituted or unsubsti-
tuted Cg-Ciq aryl group, and a substituted or
unsubstituted C,-C, ¢ heteroaryl group, and Q, and Q,
are optionally fused with each other, or linked to each
other by a single bond, a double bond, or a C,-C; alky-
lene group.
16. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is represented by any one of
Formulas 2a-2 to 2h-2:

Formula 2a-2

Zs 7 73 I|{1 Zy
73 A Zi3
Zg Z; Z4 Zyy
Formula 2b-2
Zys Zs Z Z3 II{] Zy
’ ) OOO N ’
Zy5 III A Zy3
Zig Ry Zg 7> Z4 Zia
Formula 2¢-2
Zy
R\1 Zys
7 N
73
Zy A
Zi4

Feb. 10, 2011
-continued
Formula 2d-2
Zy
R, Zp
7 N
713
Zy4
“ & O “
Zys N A
\
R,
Zy Z1g
Formula 2e-2
7y Zn
73 Ay 712
Zy
Zg
213
7, Ry Zyy
77 Zs
Zg
Formula 2£-2
Z Zy
73 Al Zp
Zis Il{z Z4
N VAT
Zy R, Zy
Zy7 Al Zs
Zig Zs
Formula 2g-2
Z Z Zy
73 A Zp
Zg O
R Zyy
77 Z4
Zs Zs
Formula 2h-2
Zy Z Zy)
73 A Zy
Zs R,
|
Zis N. .
Zy;
II!! Ri Zuy
Zy7 AT Z4
Zyg Zs Zs
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wherein

A and A, are, each independently, a divalent linking group
represented by —[C(Q,)(Q,)],- where Q, and Q, are,
each independently, selected from the group consisting
of a hydrogen atom, a heavy hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C ¢ aryl group, and a substituted or
unsubstituted C;-C, ; heteroaryl group, and q is an inte-
ger from 1 to 3;

R, and R, are, each independently, selected from the group
consisting of a hydrogen atom, a heavy hydrogen atom,
a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C, , alkoxy group, a substi-
tuted or unsubstituted C4-C ¢ aryl group, a substituted or
unsubstituted C5-C | ¢ heteroaryl group, and a group rep-
resented by —N(Q5)(Q,) where Q; and Q, are, each
independently, selected from the group consisting of a
hydrogen atom, a heavy hydrogen atom, a halogen atom,
ahydroxyl group, a cyano group, a substituted or unsub-
stituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,,, alkoxy group, a substituted or unsubsti-
tuted Cg-C,s aryl group, and a substituted or
unsubstituted C;-C, ¢ heteroaryl group, Q, and Q, are
optionally fused with each other, or linked to each other
by a single bond, a double bond, or a C,-C; alkylene
group; and

Z, 10 Zgand Z,, to Z,, are, each independently, selected
from the group consisting of a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C, , alkyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C,-C, ; aryl group,
a substituted or unsubstituted C;-C ¢ heteroaryl group,
and a group represented by a group represented by

—N(Qs)(Qo)

wherein Q; and Q; are, each independently, selected from
the group consisting of a hydrogen atom, a heavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C, , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4-C, aryl group, and a
substituted or unsubstituted C;-C, ; heteroaryl group,
and Qs and Qg are optionally fused with each other, or
linked to each other by a single bond, a double bond, or
a C,-C; alkylene group.
17. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is represented by Formula
3a-1, 3a-2, 3c-1, 3c-2, 3e-1, 3e-2, 3g-1 or 3g-2:

Formula 3a-1
VA Ri Zn
|
N Zp
Qs
( N Zi

s

N Qs 5 Zy
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-continued
Formula 3a-2
A R, Zy
|
N Z;
QS\
( N Al Zyi3
Az |
N Z Zy

Formula 3¢-1

Formula 3¢-2

Formula 3e-1

Formula 3e-2

Z Zy
Z3 A Zyp
—~
Aj (|25 Zy
N
e
Qs N Zy3
Z; Ry Zy
Z7 Zs
Zs
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-continued
Formula 3g-1

Z, Z 7y

Formula 3g-2
7 7 Zy

73

2

wherein

A, is a divalent linking group represented by —[C(Q,)
(Qy)],- where Q, and Q, are, each independently,
selected from the group consisting of a hydrogen atom,
a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted
C,-C, alkyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted C4-C, ¢ aryl
group, and a substituted or unsubstituted C,-C, 4 het-
eroaryl group, and q is an integer from 0 to 3;

A, is a single bond or a C,-C, alkylene group;

R, is selected from the group consisting of a hydrogen
atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsub-
stituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,,, alkoxy group, a substituted or unsubsti-
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tuted C4-C, ¢ aryl group, a substituted or unsubstituted
C;-C4 heteroaryl group, and a group represented by
—N(Q;)(Q,) where Q, and Q, are, each independently,
selected from the group consisting of a hydrogen atom,
a heavy hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted
C4-C, aryl group, and a substituted or unsubstituted
C;-C4 heteroaryl group and Q; and Q, are optionally
fused with each other, or linked to each other by a single
bond, a double bond, or a C,-C; alkylene group; and
Z,t07Z,and Z,, 10 Z,, are, each independently, selected
from the group consisting of a hydrogen atom, a heavy
hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted C,-C, ; alkyl
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C,-C, ; aryl group,
a substituted or unsubstituted C;-C ; heteroaryl group,
and a group represented by a group represented by
—N(Qs)(Qo)

wherein Q, and Qg are, each independently, selected from
the group consisting of a hydrogen atom, aheavy hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted C,-C , alkyl group,
a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4C,4 arvl group, and a
substituted or unsubstituted C;-C, 4 heteroaryl group,
and Qs and Qg are optionally fused with each other, or
linked to each other by a single bond, a double bond, or
a C,-C; alkylene group.

18. An organic light emitting diode comprising: a first
electrode, a second electrode facing the first electrode, and an
organic layer interposed between the first electrode and the
second electrode, wherein the organic layer comprises the
condensed-cyclic compound of claim 1.

19. The organic light emitting diode of claim 18, wherein
the organic layer comprises a light emitting layer.

20. The organic light emitting diode of claim 19, wherein
the light emitting layer further comprises a host.

* ok ok k¥
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