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A compound represented by Formula 1 below:

R);—CB—Ar],—CB—(R,}; <Formula 1>

wherein CB denotes carborane, Ar is a substituted or
unsubstituted phenylene group, and a detailed descrip-
tion of R}, R,, a, b, and n is provided in the detailed
description. An organic light-emitting diode including
an organic layer including the compound has high lumi-
nous efficiency.
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CARBORANE COMPOUND, ORGANIC
LIGHT-EMITTING DIODE INCLUDING THE
SAME AND FLAT DISPLAY DEVICE
INCLUDING ORGANIC LIGHT-EMITTING
DIODE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0059645, filed on Jun. 20,2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a carborane com-
pound, an organic light-emitting diode including the same,
and a flat display device including the organic light-emitting
diode.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs), which are
self-emitting devices, have advantages such as a wide view-
ing angle, excellent contrast, quick response, high brightness,
and excellent driving voltage characteristics, and can provide
multicolored images.

[0006] A general OLED has a structure including a sub-
strate, and an anode, a hole transport layer (HTL), an emis-
sion layer (EML), an electron transport layer (ETL), and a
cathode which are sequentially stacked on the substrate. In
thisregard, the HTL, the EML, and the ETL are organic layers
formed of organic compounds.

[0007] An operating principle of an OLED having the
above-described structure is as follows. When a voltage is
applied between the anode and the cathode, holes injected
from the anode move to the EML via the HTL, and electrons
injected from the cathode move to the EML via the ETL. The
holes and electrons recombine in the EML to generate exci-
tons. When the excitons drop from an excited state to a ground
state, light is emitted.

[0008] Excitons generated by current excitation are divided
into two types: singlet exciton and triplet exciton. The singlet
exciton and the triplet exciton are formed at a ratio of 1 to 3
according to spin statistics theorem. In general, singlet exci-
tons contribute to light emission in fluorescent materials, and
triplet excitons contribute to light emission in phosphorescent
materials. 25% of singlet exciton generation restricts the
luminous efficiency of a fluorescent material.

[0009] In a case where triplet excitons contribute to lumi-
nescence, when a possibility of intersystem crossing (ISC)
from a singlet state to a triplet state is high, luminous effi-
ciency may be enhanced. Organometallic compounds includ-
ing iridium (Ir), platinum (Pt), or the like have relatively high
luminous efficiency because intersystem crossing occurs
therein by heavy atomic effect.

[0010] However, there is a need to develop other materials
with high luminous efficiency except for phosphorescent
organomnetallic compounds.

SUMMARY OF THE INVENTION

[0011] The present invention provides a novel carborane
compound with high uminous efficiency, an organic light-
emitting diode including an organic layer including the car-
borane compound, and a flat display device including the
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organic light-emitting diode. According to an aspect of the
present invention, there is provided a carborane compound
represented by Formula 1 below:

(R),—CB—Ar],—CB—(R,}, <Formula 1>

[0012] wherein CB refers to carborane;

each of R, and R, is independently one selected from the
group consisting of a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
a nitrile group, a carboxyl group, a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubstituted
C,-C5, alkenyl group, a substituted or unsubstituted C,-Cs,
alkynyl group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C,, aryl group, a
substituted or unsubstituted C,-C,,, heteroaryl group, a sub-
stituted or unsubstituted C,-C,, aryloxy group, a substituted
or unsubstituted C,-C,, acyl group, a substituted or unsubsti-
tuted C,-C;, amide group, a substituted or unsubstituted
C,-C, ester group, a substituted or unsubstituted C5-C,,
arylthio group, and a group represented by N(Q,)(Q,), and
each of Q, and Q, is independently one selected from the
group consisting of a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, an amino
group, a nitro group, a carboxyl group. a substituted or unsub-
stituted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a substi-
tuted or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted carbazolyl
group, and a substituted or unsubstituted pyrimidinyl group;
[0013] eachofaandb isindependently aninteger of 1to 10,
a R, groups are the same as or different from each other and
b R, groups are the same as or different from each other;

[0014] Ar is a substituted or unsubstituted phenylene
group; and
[0015] nisanintegerof 1to 10, and, when nis more than 1,

the Ar groups are the same as or different from each other.
[0016] According to another aspect of the present inven-
tion, there is provided an organic light-emitting diode includ-
ing a first electrode, a second electrode facing the first elec-
trode; and a first layer interposed between the first electrode
and the second electrode, wherein the first layer includes the
carborane compound described above.

[0017] According to another aspect of the present inven-
tion, there is provided a flat display device including a tran-
sistor including a source, a drain, a gate, and an active layer;
and the organic light-emitting diode described above,
wherein one of the source and the drain is electrically con-
nected to a first electrode of the organic light-emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which

[0019] FIG. 11isa schematic diagram illustrating a structure
of an organic light-emitting diode according to an embodi-
ment of the present invention;
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[0020] FIG. 2 is a graph showing photoluminescence spec-
trum of p-terphenyl;

[0021] FIG. 3 is a graph showing photoluminescence spec-
trum of a carborane compound (Compound 1) prepared
according to Example;

[0022] FIG. 4A is a graph showing emission spectrum
spectrum of p-terphenyl according to temperature and shape;
[0023] FIG. 4B is a graph showing emission spectrum of
the carborane compound (Compound 1) of Example accord-
ing to temperature and shape;

[0024] FIG. 5A illustrates an energy level of geometric
structures S, S, and T, of p-terphenyl prepared according to
Comparative Example, calculated using TD-DFT; and
[0025] FIG. 5B illustrates an energy level of geometric
structures S, S; and T, of the carborane compound (Com-
pound 1) of Example, calculated using TD-DFT.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention will now be described in
detail. According to an embodiment of the present invention,
there is provided a carborane compound represented by For-
mula 1 below:

(R)—CB—{Ar],—CB—(R,}, <Formula 1>

[0027] wherein CB refers to carborane,

[0028] R, and R, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a nitrile group, a
carboxyl group, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,, alk-
enyl group, a substituted or unsubstituted C,-C,,, alky-
nyl group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C,-C;,, cycloalkyl
group, a substituted or unsubstituted C;-C;, cycloalk-
enyl group, a substituted or unsubstituted C5-C,, aryl
group, a substituted or unsubstituted C,-C;, heteroaryl
group, a substituted or unsubstituted Cs-Cs, aryloxy
group, a substituted or unsubstituted C,-C,, acyl group,
a substituted or unsubstituted C,-C,, amide group, a
substituted or unsubstituted C,-C;, ester group, a sub-
stituted or unsubstituted C,-C,, arylthio group, or a
group represented by N(Q, )(Q,),and Q, and Q, are each
independently a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, an
amino group, a nitro group, a carboxyl group, a substi-
tuted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted
propyl group, a substituted or unsubstituted butyl group,
asubstituted or unsubstituted pentyl group, a substituted
or unsubstituted phenyl group, a substituted or unsub-
stituted pyridinyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted carbazolyl group or a sub-
stituted or unsubstituted pyrimidinyl group,

[0029] aandb are each independently an integer of 1 to 10,
aR, groups may be the same as or different from each other,
and b R, groups may be the same as or different from each
other,

[0030] Ar is a substituted or unsubstituted phenylene
group,
[0031] nisanintegerof1to 10, and, when n is more than 1,

“Ar”s of [Ar], may be the same as or different from each
other.
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[0032] R, and R, may be linked to carbon or boron of the
carborane. Also, — Ar],— may be linked to carbon or boron
of the carborane.

[0033] A carborane is a cluster composed of boron and
carbon atoms, and a carborane cluster is generally in the form
of a polyhedron.

[0034] The carborane may be, but is not limited to, a closo-
carborane that is represented by C,B, H,, and has a closed
cage structure. For example, the carborane may be a carbo-
rane represented by C,B,,H, ~, or a nido-carborane that is
represented by C,BoH,,~ and has an open cage structure.
[0035] Also, the carborane may be an ortho-, meta- or para-
carborarie. In Formula 1, two CBs may be the same as or
different from each other.

[0036] Inparticular, R, and R, may be each independently
a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl group,
a substituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted phenoxy group, a sub-
stituted or unsubstituted fluorenyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted diazinyl group, a substituted or
unsubstituted triazinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted benzimida-
zolyl group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted pentalenyl group, a sub-
stituted or unsubstituted indenyl group, a substituted or
unsubstituted azulenyl group, a substituted or unsubstituted
heptalenyl group, a substituted or unsubstituted indacenyl
group, a substituted or unsubstituted acenaphthyl group, a
substituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted phenanthrolinyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted picenyl
group, a substituted or unsubstituted perylenyl group, a sub-
stituted or unsubstituted pentaphenyl group, a substituted or
unsubstituted hexacenyl group, a substituted or unsubstituted
pyrrolyl group, a substituted or unsubstituted imidazolyl
group, a substituted or unsubstituted pyrazolyl group, a sub-
stituted or unsubstituted imidazopyridinyl group, a substi-
tuted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted imidazopyrimidinyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted isoindolyl group, a sub-
stituted or unsubstituted pyridoindolyl group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
purinyl group, a substituted or unsubstituted benzoquinolinyl
group, a substituted or unsubstituted phthalazinyl group, a
substituted or unsubstituted naphthyridinyl group, a substi-
tuted or unsubstituted quinoxalinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
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tuted phenazinyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzothiopheny! group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or unsubsti-
tuted thiazolyl group, a substituted or unsubstituted isothia-
zolyl group, a substituted or unsubstituted benzothiazolyl
group, a substituted or unsubstituted oxazolyl group, a sub-
stituted or unsubstituted isoxazolyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted triazolyl group, a substituted or unsubstituted tetrazolyl
group, or a group represented by N(Q,)(Q,), and Q, and Q,
may be each independently a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, an
amino group, a nitro group, a carboxyl group, a substituted or
unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, a substituted or
unsubstituted pentyl group, a substituted or unsubstituted
phenyl group, a substituted or unsubstituted pyridinyl group,
asubstituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted carbazolyl
group, or a substituted or unsubstituted pyrimidinyl group.
[0037] In Formula 1, [Ar] may be, but is not limited to, a
group represented by Formula 2:

<Formula 2>
(Ul)p

1™

I *
|

N

[0038] wherein U, may be a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, a carboxyl group, a substituted or unsub-
stituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group,
a substituted or unsubstituted butyl group, a substituted
or unsubstituted pentyl group, a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted biphe-
nyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted phenoxy group, a
substituted or unsubstituted fluorenyl group, a substi-
tuted or unsubstituted carbazolyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubsti-
tuted pyridinyl group, a substituted or unsubstituted
diazinyl group, a substituted or unsubstituted triazinyl
group, a substituted or unsubstituted quinolinyl group, a
substituted or unsubstituted benzimidazolyl group, a
substituted or unsubstituted benzoxazolyl group, a sub-
stituted or unsubstituted pentalenyl group, a substituted
or unsubstituted indenyl group, a substituted or unsub-
stituted azulenyl group, a substituted or unsubstituted
heptalenyl group, a substituted or unsubstituted indace-
nyl group, a substituted or unsubstituted acenaphthyl
group, a substituted or unsubstituted spiro-fluorenyl
group, a substituted or unsubstituted phenalenyl group, a
substituted or unsubstituted phenanthridinyl group, a
substituted or unsubstituted phenanthrolinyl group, a
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substituted or unsubstituted anthryl group, a substituted
or unsubstituted fluoranthenyl group, a substituted or
unsubstituted triphenylenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubsti-
tuted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted pice-
nyl group, a substituted or unsubstituted perylenyl
group, a substituted or unsubstituted pentaphenyl group,
a substituted or unsubstituted hexacenyl group, a substi-
tuted or unsubstituted pyrrolyl group, a substituted or
unsubstituted imidazolyl group, a substituted or unsub-
stituted pyrazolyl group, a substituted or unsubstituted
imidazopyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrim-
idinyl group, a substituted or unsubstituted imidazopy-
rimidinyl group, a substituted or unsubstituted pyridazi-
nyl group, a substituted or unsubstituted indolyl group, a
substituted or unsubstituted isoindolyl group, a substi-
tuted or unsubstituted pyridoindolyl group, a substituted
or unsubstituted indazolyl group, a substituted or unsub-
stituted purinyl group, a substituted or unsubstituted
benzoquinolinyl group, a substituted or unsubstituted
phthalazinyl group, a substituted or unsubstituted naph-
thyridinyl group, a substituted or unsubstituted quinox-
alinyl group, a substituted or unsubstituted quinazolinyl
group, a substituted or unsubstituted phenazinyl group, a
substituted or unsubstituted furanyl group, a substituted
or unsubstituted benzofuranyl group, a substituted or
unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsub-
stituted benzothiophenyl group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubsti-
tuted isothiazolyl group, a substituted or unsubstituted
benzothiazolyl group, a substituted or unsubstituted
oxazolyl group, a substituted or unsubstituted isoxazolyl
group, a substituted or unsubstituted oxadiazolyl group,
a substituted or unsubstituted triazolyl group, a substi-
tuted or unsubstituted tetrazolyl group, or a group rep-
resented by N(Q,)(Q,), and Q, and Q, may be each
independently a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, an
amino group, a nitro group, a carboxyl group, a substi-
tuted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted
propyl group, a substituted or unsubstituted butyl group,
asubstituted or unsubstituted pentyl group, a substituted
or unsubstituted phenyl group, a substituted or unsub-
stituted pyridinyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted carbazolyl group or a sub-
stituted or unsubstituted pyrimidinyl group,

[0039] pis aninteger of 1 to 4, and, when p is more than 1,
“U,”s of (U,), may be the same as or different from each
other.

[0040] Thus, Ar may be a substituted or unsubstituted phe-
nylene group in a case of —[Ar],— where n=1, Ar may be a
substituted or unsubstituted biphenylene group in a case of
—][Ar] — where n=2, Ar may be a substituted or unsubsti-
tuted terphenylene group in a case of —[Ar],— where n=3,
Ar may be a substituted or unsubstituted tetraphenylene
group in a case of —[Ar],— where n=4, Ar may be a substi-
tuted or unsubstituted pentaphenylene group in a case of
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—{[Ar],— where n=5, Ar may be a substituted or unsubsti-
tuted hexaphenylene group in a case of —[ Ar],— where n=6,
Ar may be a substituted or unsubstituted heptaphenylene
group in a case of —[Ar]| — where n=7, Ar may be a substi-
tuted or unsubstituted octaphenylene group in a case of
—][Ar],— where n=8, Ar may be a substituted or unsubsti-
tuted nonaphenylene group in a case of —[ Ar],— where n=9,
and Ar may be a substituted or unsubstituted decaphenylene
group in a case of —[Ar],— where n=10.

[0041] Meanwhile, —[Ar],— where n=3 may be repre-
sented by Formula 3a, 3b or 3¢ below:

<Formula 3a>

<Formula 3b>

<Formula 3¢>

[0042] wherein Z,, Z, and Z, may be each independently a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, asubstituted or unsubstituted butyl group,
a substituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted phenoxy group, a sub-
stituted or unsubstituted fluorenyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted diazinyl group, a substituted or
unsubstituted triazinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted benzimida-
zolyl group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted pentalenyl group, a sub-
stituted or unsubstituted indenyl group, a substituted or
unsubstituted azulenyl group, a substituted or unsubstituted
heptalenyl group, a substituted or unsubstituted indacenyl
group, a substituted or unsubstituted acenaphthyl group, a
substituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
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stituted phenanthrolinyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted picenyl
group, a substituted or unsubstituted perylenyl group, a sub-
stituted or unsubstituted pentaphenyl group, a substituted or
unsubstituted hexacenyl group, a substituted or unsubstituted
pyrrolyl group, a substituted or unsubstituted imidazolyl
group, a substituted or unsubstituted pyrazolyl group, a sub-
stituted or unsubstituted imidazopyridinyl group, a substi-
tuted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted imidazopyrimidinyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted isoindolyl group, a sub-
stituted or unsubstituted pyridoindolyl group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
purinyl group, a substituted or unsubstituted benzoquinolinyl
group, a substituted or unsubstituted phthalazinyl group, a
substituted or unsubstituted naphthyridinyl group, a substi-
tuted or unsubstituted quinoxalinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
tuted phenazinyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzothiopheny! group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or unsubsti-
tuted thiazolyl group, a substituted or unsubstituted isothia-
zolyl group, a substituted or unsubstituted benzothiazolyl
group, a substituted or unsubstituted oxazolyl group, a sub-
stituted or unsubstituted isoxazolyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted triazolyl group, a substituted or unsubstituted tetrazolyl
group, or a group represented by N(Q,)(Q,); Q, and Q, may
be each independently a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, an amino
group, a nitro group, a carboxyl group. a substituted or unsub-
stituted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a substi-
tuted or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted carbazolyl
group or a substituted or unsubstituted pyrimidinyl group;

[0043] Aplurality of Z,, 7, and Z, may be each indepen-
dently the same as or different from each other; and

[0044] q.randsare each independently an integer of 1 to
4, and * indicates a binding site.

[0045] In—[Ar],— wherenis4 or greater, a plurality of
—Ar— groups may be linked to each other in a para
position; however, it is not limited thereto. For example,
the plurality of —Ar— groups may be linked to each
other in an ortho or meta position, or in a combination of
ortho, meta and para positions.

[0046] The carborane of Formula 1 may be, but is not
limited to, one of the compounds represented by Formulae 4a
through 4c below;
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<Formula 4a>

R R,

/ \

Q s
&~ )< D

<Formula 4b>

Ry Ra
\C C/

<Formula 4¢>

@O0

[0047] InFormulae 4a through 4c above, vertexes at which
element symbols are not represented may each independently
indicate B—H.

[0048] InFormulae4athrough4c above, a detailed descrip-
tion of R, and R, has already been provided above.

[0049] In the carborane compound described above, a car-
borane substituent is introduced into a luminophore, thereby
stabilizing an excited state of molecules. Accordingly, inter-
system crossing is rapidly induced to enhance phosphores-
cence. In other words, the carborane compound has a small
gap (about 0.05 eV toabout 0.15 eV) between energy levels of
atriplet state and a singlet state, and thus intersystem crossing
may rapidly occur, resulting in enhanced luminous efficiency.
In this regard, the carborane compound may emit light at the
enhanced luminous efficiency at room temperature.

[0050] The carborane compound may have a phosphores-
cence lifetime in the range of about 0.1 ps to 50 ps, for
example, in the range of 1 us to about 10 us.

[0051] The carborane compound does not include a transi-
tion metal having a large atomic number and may have as high
as phosphorescent luminous efficiency at room temperature
of a general organometallic compound which emits phospho-
rescence, and thus may be used to form an emissive layer of
an organic light-emitting diode. The carborane compound
may be used as a dopant in the emissive layer composed of a
host and a dopant, and may also be used as a host in the
emissive layer. [n addition, carborane acts as electron with-
drawing, and thus the carborane compound is expected to be
able to be used to form an electron transport layer or a hole
blocking layer.

[0052] The term “substituted A” in “substituted or unsub-
stituted A (A is a certain substituent)” used herein indicates
that at least one hydrogen atom of A is substituted with a
substituent selected from the group consisting of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, hydrazine, hydrazone, a car-
boxyl group or a salt derivative thereof, a sulfonic acid group
or a salt derivative thereof, a phosphoric acid group or a salt
derivative thereof, a C,-C;, alkyl group, a C,-C;, alkenyl
group, a C,-Cs, alkynyl group, a C,-C;, alkoxy group, a
C;-C;, cycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C4p aryl group, a C5-C; aryloxy group, a Cs-Cy, arylthio
group, a C;-C;, heteroaryl group, a group represented by

N(Q101)(Qy02), and a group represented by Si(Q,03)(Q;04)
(Q,ps)- In this regard, Q,,, through Q, s may be each inde-
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pendently a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, an amino group, a
nitro group, a carboxyl group, a C,-C,, alkyl group, a C,-C,,
alkenyl group, a C,-C;, alkynyl group, a C,-C,, alkoxy
group, a C,;-C,, cycloalkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, aryl group, a C5-C,, aryloxy group, a C5-Cy
arylthio group, or a C,-C,,, heteroaryl group.

[0053] For example, the term “substituted A” used herein
indicates that at least one hydrogen atom of A is substituted
with one selected from the group consisting of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, a carboxyl group, a methyl group, an ethyl group,
a propyl group, a butyl group, a pentyl group, a methoxy
group, an ethoxy group, a phenyl group, a biphenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an indacenyl group, an
acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a phenalenyl group, a phenanthrenyl group, a phenan-
thridiny] group, a phenanthrolinyl group, an anthryl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a picenyl group, a
perylenyl group, a pentaphenyl group, a hexacenyl group, a
pyrrolyl group, an imidazolyl group, a benzoimidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, an imidapyrimidinyl group, a
pyridazinyl group, an indolyl group, an isoindolyl group, a
pyridoindoly! group, an indazolyl group, a purinyl group, a
quinolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a carbazolyl group, a phenazinyl group, a
furanyl group, a benzofuranyl group, a dibenzofuranyl group,
a thiophenyl group, a benzothiophenyl group, a diben-
zothiophenyl group, a thiazolyl group, an isothiazolyl group,
a benzothiazolyl group, an oxazolyl group, a benzoxazolyl
group, an isoxazolyl group, an oxadiazolyl group, a triazolyl
group, a triazinyl group, a tetrazolyl group, a group repre-
sented by N(Q,,;)(Q,0,), and a group represented by
Si(QlO3)(Q104)(Q105)'

[0054] The unsubstituted C,-C;, alkyl group denotes a
saturated hydrocarbon group having a linear and branched
structure in which one hydrogen atom is lacking in alkane.
Examples of the unsubstituted C,-C,, alkyl group may
include methyl, ethyl, propyl, isobutyl, sec-butyl, pentyl, iso-
amyl, hexyl, and the like. A detailed description of a substitu-
ent of the substituted C, -C,, alkyl group is already provided
in the description for the “substituted A.”

[0055] The unsubstituted C,-C,, alkenyl group denotes a
terminal group containing at least one carbon double bond at
the middle or the end of the unsubstituted C,-C;, alkyl group.
Examples of the unsubstituted C,-C,, alkenyl group may
include ethenyl, propenyl, butenyl, pentenyl, hexenyl, hepte-
nyl, octenyl, propadienyl, isoprenyl, allyl, and the like. A
detailed description of a substituent of the substituted C,-Cs,
alkenyl group is already provided in the description for the
“substituted A.”

[0056] The unsubstituted C,-C;, alkynyl group denotes a
terminal group containing at least one carbon triple bond at
the middle or the end of the unsubstituted. C,-C 4, alkyl group.
The unsubstituted C,-C;, alkynyl group may be acetylenyl. A
detailed description of a substituent of the substituted C,-C,,
alkynyl group is already provided in the description for the
“substituted A.”

[0057] The unsubstituted C,-C;, alkoxy group has For-
mula of —OY (Y is the unsubstituted C, -C, alkyl group) and
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may be, for example, methoxy. ethoxy, isopropyloxy, butoxy,
pentoxy, and the like. A detailed description of a substituent
of the substituted C,-C,, alkoxy group is already provided in
the description for the “substituted A’

[0058] The unsubstituted C5-C,, cycloalkyl group denotes
a ring-type saturated hydrocarbon group and may be, for
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclooctyl, and the like. A detailed description of a substitu-
ent of the substituted C;-C,, cycloalkyl group is already
provided in the description for the “substituted A.”

[0059] The unsubstituted C,;-C,, cycloalkenyl group
denotes a ring-type unsaturated hydrocarbon group which has
at least one carbon double bond and is not an aromatic ring.
Examples of the unsubstituted C,-C,, cycloalkenyl group
may include cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclohexenyl, cycloheptenyl, a 1,3-cyclohexadienyl group, a
1,4-cyclohexadienyl group, a 2,4-cycloheptadienyl group, a
1,5-cyclooctadienyl group, and the like. A detailed descrip-
tion of a substituent of the substituted C;-Cy, cycloalkenyl
group is already provided in the description for the “substi-
tuted A

[0060] The unsubstituted Cs-C,, aryl group denotes a
monovalent group having a Cs-C,, carbocyclic aromatic sys-
tem, wherein the monovalent group may be a monocyclic or
polycyelic group. In the polycyclic group, at least two rings
included therein may be fused with each other. Examples of
the unsubstituted C,-C,, aryl group may include phenyl, pen-
talenyl, indenyl, naphthyl, azulenyl, heptalenyl, indaceny],
acenaphthyl, fluorenyl, spiro-fluorenyl, phenalenyl, phenan-
threnyl, anthryl, fluoranthenyl, triphenylenyl, pyrenyl, chry-
senyl, naphthacenyl, picenyl, perylenyl, pentaphenyl,
hexacenyl, and the like. A detailed description of a substituent
of the substituted C,-C,, aryl group is already provided in the
description for the “substituted A.”

[0061] The unsubstituted C5-Cs, aryloxy group denotes a
monovalent group, to which carbon atoms of the C5-C, aryl
group are attached through an oxygen linking group (—O—).
A detailed description of a substituent of the substituted
C,-C4, aryloxy group is already provided in the description
for the “substituted A.”

[0062] The unsubstituted C,-C,, arylthio group denotes a
monovalent group, to which carbon atoms of the C,-C,, aryl
group are attached through a sulfur linking group (—S—).
Examples of the unsubstituted Cs-C;,, arylthio group may
include phenylthio, naphthylthio, indanylthio, and inde-
nylthio. A detailed description of a substituent of the substi-
tuted C5-C,, arylthio group is already provided in the descrip-
tion for the “substituted A.”

[0063] The unsubstituted C;-C;,, heteroaryl group denotes
a monovalent group including at least one ring containing at
least one heteroatom selected from the group consisting of N,
0, P, and S, wherein the monovalent group is monocyclic or
polycyclic. In the polycyclic group, at least two rings
included therein may be fused with each other. Examples of
the unsubstituted C;-C,,, heteroaryl group may include pyr-
rolyl, imidazolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidi-
nyl, pyridazinyl, isoindolyl, indolyl, indazolyl, purinyl,
quinolinyl, benzoquinolinyl, phthalazinyl, naphthyridinyl,
quinoxalinyl, quinazolinyl, cinnolinyl, carbazolyl, phenan-
thridinyl, acridinyl, phenanthrolinyl, phenazinyl, benzox-
azolyl, benzoimidazolyl, furanyl, benzofuranyl, thiophenyl,
benzothiophenyl, thiazolyl, isothiazolyl, benzothiazolyl,
isoxazolyl, oxazolyl, triazolyl, tetrazole, oxadiazolyl, triazi-
nyl, benzoxazolyl, and the like. A detailed description of a
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substituent of the substituted C;-C,, heteroaryl group is
already provided in the description for the “substituted A’

[0064] The unsubstituted C,-C;, alkylene group denotes a
divalent group having a linear and branched structure, in
which two hydrogen atoms are lacking in alkane. Examples
of the unsubstituted C,-C,, alkylene group are already pro-
vided in the description with regards to the unsubstituted
C,-Cy, alkyl group. A detailed description of a substituent of
the substituted C,-C, alkylene group is already provided in
the description for the “substituted A.”

[0065] Theunsubstituted C5-C,, arylene group may denote
a divalent group having a C5-C,, carbocyclic aromatic sys-
tem, wherein the divalent group may be a monocyclic or
polycyclic group. Examples of the unsubstituted C5-C,,
arylene group are already provided in the description with
regards to the unsubstituted Cs-C,, aryl group. A detailed
description of a substituent of the substituted C,-C;, arylene
group is already provided in the description for the “substi-
tuted A

[0066] A method of synthesizing the carborane compound
may easily be understood by one of ordinary skill in the art
with reference to the following Examples, which will be
described later.

[0067] The carborane compound of Formula 1 may be used
in an organic light-emitting diode.

[0068] According to another embodiment of the present
invention, there is provided an organic light-emitting diode
including a first electrode, a second electrode facing the first
electrode, and a first layer interposed between the first elec-
trode and the second electrode, wherein the first layer
includes the carborane compound of Formula 1 as described
above.

[0069] The first layer may be at least one selected from the
group consisting of a hole transport layer (HTL), a hole
injection layer (HIL), a functional layer having a hole injec-
tion ability and a hole transporting ability, an emission layer
(EML), an electron transport layer (ETL), an electron injec-
tion layer (EIL), and a functional layer having an electron
injection ability and an electron transporting ability. The first
layer is not limited to the above examples, and may be well-
known various layers according to a desired structure of an
organic light-emitting diode.

[0070] The organic light-emitting diode may further
include, between the first electrode and the second electrode,
a HIL, a HTL, a functional layer having a hole injection
ability and a hole transporting ability, an electron blocking
layer (EBL), an EML, a hole blocking layer (HBL), an FIL,
an ETL, a functional layer having an electron injection ability
and an electron transporting ability, or a combination of at
least two of these layers different from the first layer
described above. For example, the organic light-emitting
diode may have a first electrode/HIL/HTL/first layer includ-
ing the carborane compound of Formula 1 (that is, acts as an
emission layer)/ETL/EIL/second electrode structure; how-
ever, the present invention is not limited thereto.

[0071] At least one of the layers interposed between the
first electrode and the second electrode of the organic light-
emitting diode may be formed by deposition or using a wet
process.

[0072] The term “wet process” used herein refers to a pro-
cess for applying a mixture obtained by mixing a certain
material and a certain solvent on a certain substrate, drying
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and/or heat treating the substrate so as to remove part of the
solvent, and thereby forming a film including the material on
the substrate.

[0073] For example, the first layer may be formed using a
general vacuum deposition method. Alternatively, a mixture
of the carborane compound and a solvent is provided to a
region for forming a first layer by spin coating, spraying,
inkjet printing, dipping, casting, gravure coating, bar coating,
roll coating, wirebar coating, screen coating, flexo coating,
offset coating, or laser transferring, and the mixture provided
to the region for forming a first mixing layer is then dried
and/or heat treated so as to remove part of the solvent, thereby
forming the first layer.

[0074] Alternatively, a first layer may be formed on a base
film by vacuum deposition or a wet process as described
above, and the first layer may be transferred to a region (for
example, on a HTL) for forming a first layer by laser trans-
ferring.

[0075] When the first layer is an emission layer, the first
layer may include the carborane compound of Formula 1 only
or with other compounds.

[0076] For example, the first layer may be an EML, and the
carborane compound included in the first layer may be used as
a phosphorescent dopant. In this regard, an energy gap
between a singlet excited state (S,) and a triplet excited state
(T,) of the carborane compound is small, and thus intersys-
tem crossing between the two states is accelerated and an
energy transfer from the triplet excited state (T,) to a triplet
excited state (T,) occurs, resulting in phosphorescence emis-
sion (T;—S;).

[0077] Thefirst layer may further include a fluorescent host
or a phosphorescent host. In particular, the first layer may be
an EML including the carborane compound acting as a phos-
phorescent dopant and a phosphorescent or fluorescent host.
[0078] Also, the first layer may be an EML including the
carborane compound acting as a fluorescent dopant and a
phosphorescent or fluorescent host. The first layer may fur-
ther include other phosphorescent dopants.

[0079] The first layer may be an EML, and the carborane
compound included in the first layer may be used as a fluo-
rescent host or a phosphorescent host. The first layer may
further include a fluorescent dopant or a phosphorescent
dopant. In particular, the first layer may be an EML including
the carborane compound acting as a phosphorescent host and
a phosphorescent dopant, or an EML including the carborane
compound acting as a fluorescent host and a fluorescent
dopant.

[0080] Meanwhile, the EML of the organic light-emitting
diode may further include at least one of an anthracene-based
compound, an arylamine-based compound, and a styryl-
based compound.

[0081] Also, the first layer may be an ETL, and the ETL
may include the carborane compound or the carborane com-
pound and a metal-containing material. In this regard, the
metal-containing material may include a Li complex. The
first layer may also be a HTL, and the HTL may include the
carborane compound. In other words, the carborane com-
pound may be included in a HTL, a HIL, a functional layer
having a hole injection ability and a hole transporting ability,
an EML, an ETL, an EIL, and a functional layer having an
electron injection ability and an electron transporting ability.
[0082] Hereinafter, a structure and amanufacturing method
of an organic light-emitting diode will be described in more
detail with reference to FIG. 1. FIG. 1 is a schematic diagram
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illustrating a structure of an organic light-emitting diode 10
according to an embodiment of the present invention.
[0083] Referring to FIG. 1, the organic light-emitting diode
10 includes a substrate 11, a first electrode 13, an organic
layer 15, and a second electrode 17 that are sequentially
formed.

[0084] Thesubstrate 11 may be a substrate used in a general
organic light-emitting diode, and may be a glass substrate or
a transparent plastic substrate having excellent mechanical
strength, thermal stability, transparency, surface smoothness,
ease of handling, and waterproofness.

[0085] The first electrode 13 may be formed by applying a
first electrode material on the substrate 11 by deposition or
sputtering. When the first electrode 13 is an anode, the first
electrode material may be selected from materials having a
high work function so as to facilitate hole injection. The first
electrode 13 may be a reflective electrode or a transparent
electrode. Examples of the first electrode material may
include indium-tin oxide (ITO), Indium-zinc-oxide (1Z0), tin
oxide (Sn0O,), and zinc oxide (ZnO). Also, when magnesium
(Mg), aluminum (Al), aluminum-lithium (Al—Li), calcium
(Ca), magnesium-indium (Mg—In), or magnesium-silver
(Mg—Ag) is used as the first electrode material, the first
electrode 13 may be formed as a reflective electrode.

[0086] The organic layer 15 is formed on the first electrode
13. The term “organic layer” used herein refers to all the
layers interposed between the first electrode 13 and the sec-
ond electrode 17. The organic layer 15 may not necessarily be
formed of only an organic compound, and also include a
metal complex.

[0087] The organic layer 15 includes a first layer including
the carborane compound represented by Formula 1, and may
further include at least one selected from the group consisting
of a HIL, a HTL, a functional layer having a hole injection
ability and a hole transporting ability, an EML, a HBL, an
ETL, an EIL, and a functional layer having an electron injec-
tion ability and an electron transporting ability. For example,
when the first layer is an ETL, the organic layer 15 may
further include a HIL, a HTL, an EML, and an EIL, in addi-
tion to the first layer functioning as the ETL; however, the
present invention is not limited thereto.

[0088] The HIL may be formed on the first electrode 13 by
using various methods such as vacuum deposition, spin coat-
ing, casting, or LB deposition.

[0089] When the HIL is formed by vacuum deposition, the
deposition conditions may vary according to a compound
used as a material for forming the HIL, a structure of a desired
HIL, and thermal characteristics. For example, the deposition
condition may be, but is not limited to, a deposition tempera-
ture of about 100 to about 500° C., a degree of vacuum of
about 107® to about 107 torr, and a deposition speed of about
0.01 to about 100 A/sec.

[0090] When the HIL is formed by spin coating as a wet
process, the deposition condition may vary according to a
compound used as a material for forming the HIL, a structure
of a desired HIL, and thermal characteristics. For example,
the deposition condition may be, but is not limited to, a
coating speed of about 2,000 rpm to about 5,000 rpm and a
heat treatment temperature for removing a solvent after coat-
ing of about 80 to about 200° C.

[0091] Thematerial for forming the HIL may be at least one
of the carborane compound of Formula 1 and a known hole
injection material. Examples of the known hole injection
material include, but are limited to, N,N'-diphenyl-N,N'-bis-
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[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4 4'-diamine _continued
(DNTPD), a phthalocyanine compound such as copper phtha-
locyanine, 4,4'4"-tris(3-methylphenylphenylamino )triph-
enylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphe-
nylbenzidine  (NPB), 4,4 4"-tris(N,N-diphenylamino)
triphenylamine (TDATA), 4,4',4"-tris{N,-(2-naphthyl)-N-

phenylamino}-triphenylamine ~ (2T-NATA), polyaniline/ ;
dodecylbenzenesulfonic acid (PANI/'DBSA), poly(3.4- N O
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (PANI/CSA), and

I\ Z

polyaniline/poly(4-styrenesulfonate) (PANI/PSS).
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[0092] The thickness of the HIL may be in the range of

about 100 A to about 10,000 A, for example, in the range of
about 100 A to about 1,000 A. When the thickness of the HIL
is within this range, satisfactory hole injection properties may
be obtained without a substantial increase in driving voltage.

[0093] Next, the HTL may be formed on the HIL by using
various methods such as vacuum deposition, spin coating,
casting, or LB deposition. When the HTL is formed by
vacuum deposition or spin coating, the deposition and coating
conditions vary according to a used compound. However, in
general, the condition may be almost the same as the condi-
tion for forming the HIL.

[0094] A material for forming the HTL may be at least one
of the carborane compound of Formula 1 and a known hole
transporting material. Examples of the known hole transport-
ing material include carbazole derivatives such as N-phenyl-
carbazole and polyvinylcarbazole, amine derivatives having
aromatic condensed rings such as N,N'-bis(3-methylphenyl)-
N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD) and 4,4'-
bis[N-(1-naphthyl)-N-phenylamino|biphenyl (a-NPB), and
triphenylamine-based materials such as 4,4',4"-tris(N-carba-
zolyD)triphenylamine (TCTA).

avats

TPD
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[0095] The thickness of the HTL may be in the range of
about 50 A to about 1,000 A, for example, in the range of
about 100 A to about 800 A. When the thickness of the HTL
is within this range, satisfactory hole transport properties may
be obtained without a substantial increase in driving voltage.

[0096] Inaddition, the functional layer having a hole injec-
tion ability and a hole transporting ability may be formed
instead of the HIL, and the HTL. A material for forming the
functional layer may be selected from known materials, and
may further include the carborane compound of Formula 1.

[0097] At least one of the HIL, the HTL, and the functional
layer having a hole injection ability and a hole transporting
ability may further include a charge-generating material so as
to increase the conductivity of the layers, in addition to the
carborane compound of Formula 1 described above, the
known hole injection material, the known hole transporting
material, and a known material for forming the functional
layer having a hole injection ability and a hole transporting
ability.

[0098] The charge-generating material may be, for
example, a p-dopant. Examples of the p-dopant may include,
but are not limited to, quinone derivatives such as tetra-cy-
anoquinodimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracy-
ano-1.4-benzoquinodimethane (F4TCNQ); metal oxides
such as an tungsten oxide and a molybdenum oxide; and
cyano-containing compounds such as Compound 100 and the
like.

O
(J

TCTA
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[0099] When the HIL, the HTL or the functional layer

having a hole injection ability and a hole transporting ability
further includes the charge-generating material, the charge-
generating material may be homogeneously or inhomoge-
neously dispersed in these layers.

[0100] The EML may be formed on the HTL or the func-
tional layer having a hole injection ability and a hole trans-
porting ability by vacuum deposition, spin coating, casting, or
LB deposition. When the EML is formed by vacuum deposi-
tion or spin coating, the deposition and coating conditions
vary according to a used compound. However, in general, the
condition may be almost the same as the condition for form-
ing the HIL.

[0101] A material for forming the EML may be at least one
of the carborane compound of Formula 1 and a known lumi-
nescent material (including both a host and a dopant). When
the EML includes the carborane compound of Formula 1, the
EML may further include a known phosphorescent host, a
known fluorescent host, a known phosphorescent dopant, ora
know fluorescent dopant. The carborane compound of For-
mula 1 may act as a phosphorescent dopant, a fluorescent
dopant, a phosphorescent host, or a fluorescent host.

[0102] Examples of the known host may include, but are
not limited to, Alqs, 4,4'-N,N'-dicarbazole-biphenyl (CBP),
poly(n-vinylcarbazole) (PVK), 9,10-di(naphthalene-2-yl)an-
thracene (ADN), TCTA, 1,3,5-tris(N-phenylbenzimidazole-
2-yl)benzene (TPBI), 3-tert-butyl-9,10-di(naphth-2-y1)an-
thracene (TBADN), distyrylarylene (DSA), and E3.

PVK
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[0103] The known dopant may be at least one of a fluores-
cent dopant and a phosphorescent dopant. For example, the
known phosphorescent dopant may be, but is not limited to,
an organometallic complex including iridium (Ir), platinum
(Pt), osmium (Os), rhenium (Re), titanium (Ti), zirconium
(Zr), hafnium (Hf), or a combination of at least two of these
elements.

[0104] Examples of a red dopant may include, are not lim-
ited to, PtOEP (refer to Formula below), Ir(piq); (refer to
Formula below), and Btp,Ir(acac) (refer to Formula below).
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Ir(ppy)a(acac) Ir(mpyp)s

Ir(piq)s Bip,lr(acac) [0106] Examples of a blue dopant may include, are not

limited to, F,Irpic (refer to Formula below), (F,, ppy),lr(tmd)

[0105] Examples of a green dopant may include, are not (refertg Formula below), Ir(dfppz), ('ref.er o Fprmula bel.ow),
limited to, Ir(ppy)s (ppy—phenyl-pyridines, refer to Formula DPVBi (refer to Formula below), 4,4'-bis(4-diphenylaminos-
teril)biphenyl (DPAVBI) (refer to Formula below), and 2,5,8,

below), Ir(ppy),(acac) (refer to Formula below), and Ir(m-
pyp)s (refer to Formula below). 11-tetra-tert-butylphenylene (TBPe) (refer to Formula below.

Ir

L —

(F2ppy2)Ir(tmd)

DPAVBI

Ir(dfppz);
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[0107] When the emission layer includes a host and a
dopant, the amount of the dopant may be generally in the
range of'about 0.01 to about 15 parts by weight based on 100
parts by weight of the host; however, it is not limited thereto.

[0108] The thickness of the emission layer may be in the
range of about 100 A to about 1,000 A, for example, in the
range of about 200 A to about 600 A. When the thickness of
the emission layer is within this range, excellent luminescent
properties may be obtained without a substantial increase in
driving voltage.

[0109] When the phosphorescent dopant is included in the
emission layer, a HBL may be formed between the ETL and
the EML by vacuum deposition, spin coating, casting or LB
deposition so as to prevent triplet excitons or holes from being
diffused to the ETL. When the HBL is formed by vacuum
deposition or spin coating, the conditions thereof may vary
according to a used compound. However, in general, the
conditions may be almost the same as the condition for form-
ing the HIL. The HBL may include a well-known hole block-
ing material. Examples of the well-known hole blocking
material may include an oxadiazole derivative, a triazole
derivative, and a phenanthroline derivative.

[0110] The thickness of the HBL may be in the range of
about 50 A to about 1,000 A, for example, in the range of
about 100 Ato about 300 A. When the thickness of the HBL
1s within this range, excellent hole blocking properties may be
obtained without a substantial increase in driving voltage.

[0111] Next, the ETL may be formed using various meth-
ods such as vacuum deposition, spin coating, or casting.
When the ETL is formed by vacuum deposition or spin coat-
ing, the deposition and coating conditions vary according to a
used compound. However, in general, the condition may be
almost the same as the condition for forming the HIL.

[0112] A material for forming the ETL may be at least one
of the carborane compound of Formula 1 and a known elec-
tron transporting material. Examples of the known electron
transporting material may include, but are not limited to, a
quinoline derivative such as tris(8-quinolinolate)aluminum
(Alg,), 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline
(BCP), 4,7-diphenyl-1,10-phenanthroline (Bphen), 3-(4-Bi-
phenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triazole (TAZ),
4-(naphthalen-1-yl1)-3,5-diphenyl-4H-1,2 4-triazole

(NTAZ), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-0xa-
diazole (tBu-PBD), BAlq (refer to Formula below), and
beryllium bis(benzoquinolin-10-olate (Bebq,).

&

TBPe
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-continued

N—N
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OO
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[0113] The thickness of the ETL may be in the range of
about 100 A to about 1,000 A, for example, in the range of
about 150 A to about 500 A. When the thickness of the ETL
is within this range, satisfactory electron transport properties
may be obtained without a substantial increase in driving
voltage.

[0114] The ETL may include an electron transporting
organic compound and a metal-containing material.
Examples of the electron transporting organic compound
include, but are not limited to, 9,10-di(naphthalene-2-y1)an-
thracene (ADN) and anthracene-based compounds such as
Compounds 101 and 102 below:

<Compound 101>

\ 7/ \_/ \
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-continued

<Compound 102>

[0115] The metal-containing material may include a Li
complex. Examples of the Li complex include lithium quino-
late (LiQ) and Compound 103 below:

0
L
S N’

[0116] Also, the EIL, which facilitates electron injection
from a cathode, may be formed on the ETL, and a material for
forming the EIL is not particularly limited.

[0117] The material for forming the EIL, may include a
well-known material for forming an EIL, such as LiF, NaCl,
CsF, Li,0, or BaO. The deposition condition of the EIL may
vary according a used compound. However, in general, the
condition may be almost the same as the condition for form-
ing the HIL.

[0118] The thickness of the EIL may be in the range of
about 1 A to about 100 A, for example, in the range of about
3 Ato about 90 A. When the thickness of the EIL is within this
range, satisfactory electron injection properties may be
obtained without a substantial increase in driving voltage.
[0119] The second electrode 17 is formed on the organic
layer 15. The second electrode 17 may be a cathode, which is
an electron injection electrode. Here, a metal for forming the
second electrode 17 may include a metal having low work
function, such as metal, an alloy, an electric conducting com-
pound, and a mixture thereof. In particular, the second elec-
trode 17 may be formed as a thin film by using lithium (L),
magnesium (Mg), aluminum (Al), aluminum-lithium (Al—
L1), calcium (Ca), magnesium-indium (Mg—In), or magne-
sium-silver (Mg—Ag), thus being transparent. In order to
obtain a top-emission type organic light-emitting diode, the
second electrode 17 may be formed as a transparent electrode
by using ITO or 1Z0.

<Compound 103>
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[0120] In the organic light-emitting diode, when the first
layer is a HIL, a HTL, or a functional layer having a hole
injection ability and a hole transporting ability, the first layer
may further include the charge-generating material as
described above, in addition to the carborane compound of
Formula 1. Also, when the first layer is an EML, the first layer
may further include the phosphorescent dopant as described
above, in addition to the carborane compound of Formula 1.
[0121] Theorganic light-emitting diode may be included in
a flat display device including a transistor. Thus, according to
another embodiment of the present invention, there is pro-
vided a flat display device including a transistor including a
source, a drain, a gate, and an active layer; and the organic
light-emitting diode described above, wherein one of the
source and the drain is electrically connected to a first elec-
trode of the organic light-emitting diode. The active layer of
the transistor may be an amorphous silicon layer, acrystalline
silicon layer, an organic semiconductor layer, an oxide semi-
conductor layer, or the like.

[0122] An organic light-emitting diode according to an
embodiment of the present invention will now be described in
more detail with reference to the following Examples. These
Examples are for illustrative purposes only and are not
intended to limit the scope of the invention.

Example

Synthesis of Compound 1
[0123] 4.4"-diiodo-p-terphenyl (2) was reacted with 1-bu-
tyl-4-ethynylbenzene (3) in the presence of a platinum cata-
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lystto form a bisacetylene precursor (4). To a toluene solution
(100 ml) of decaborane (B, ;H, ,, 5.0 mmol) and the bisacety-
lene precursor (4) (1.20 g, 2.2 mmol) was added an excess
amount of Et,S (5 equiv) at room temperature. After heating
to reflux, the reaction mixture was further stirred for 3 days.
The solvent was removed under vacuum and MeOH (50 ml)
was added. The resulting yellow solid was filtered and re-
dissolved in toluene. The solution was purified by passing
through an alumina column and the solvent was removed in
vacuo affording Compound 1 as white solid. Recrystalliza-
tion from a mixed solvent of CH,Cl,/n-hexane gave 0.698 g
of 4,4-bis[2-(p-n-butylphenyl)-1-0-carboran-1-yl]-p-terphe-
nyl (1) as Compound 1 (40.6%).

[0124] The obtained Compound 1 was confirmed by multi-
nuclear NMR spectroscopy, elemental analysis and X-ray
diffraction methods.

[0125] 'HNMR (400 MHz, CDCL,): 87.49 (s, 4H), 7.45 (d,
J=8.8, 411), 7.33 (1, J=18.0, 8I1), 6.91 (d, J=8.4, 41T), 3.30-1.
50 (bt, 201, CB—BH), 2.4 (t, ]=15.2, 4H), 1.46 (m, J=30.4,
410), 1.18 (m, J=22.4, 4I0), 0.80 (t, I=14.8, 6I1). *C NMR
(100 MHz, CDCL,): 8 14530, 141.72, 138.91, 131.10, 130.
53,130.08, 128.29, 127.99, 127.36, 126.48, 85.68 (CB—C),
84.83 (CB—C), 34.92, 32.90, 22.08, 13.80.

[0126] ''B NMR (CDCL,): d -2.6 (brs, 4B), -10.3 (brs,
16B). Anal. Caled for C,,HsgB,,: C, 64.75; H, 7.50. Found:
C, 64.61H, 7.90.

Compeund 1

3

2

7\

2BjoHi4

H;C(H,0)3

4

N —
N\ _/]

(CH,);CH; —

\ 7/

(CH;)3CH;

H;C(H,C)3
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Comparative Example

[0127] A compound used in Comparative Example was
p-terphenyl.

Evaluation Example
[0128] Ultraviolet/visible (UV/VIS) absorption spectrum

and photoluminescence (PL) spectrum of each of the com-
pounds of Example and Comparative Example were respec-
tively measured using Jasco V-530 and a Spex Fluorog-3
luminescence spectrometer. The PL spectra thereof were
measured using a degassed tetrahydrofuran (THF) solution in
which each of 5.0x10™> M of Compound I and 1.0x10™> M of
p-terphenyl is dissolved. Low-temperature PL, measurement
was performed using a quartz tube placed in a quartz wall
Dewar flask filled with liquid nitrogen (77K). A film was
formed by spin casting a THF solution of poly(methyl meth-
acrylate) (PMMA) containing 10 wt % of Compound I. The
emission lifetime of a powder sample of Compound I was
measured at room temperature by using a time-correlated
single photon coefficient (TCSPC) spectrometer (FL.S920,
EDINBURGH instruments) equipped with an excitation light
source of a Xe microsecond flash lamp and a micro-channel
plate photomultiplier tube (MCP-PMT, 200-900 nm). Emis-
sion lifetime(t) of p-terphenyl was measured using a TCSPC
system equipped with mode locked Ti:sapphire pulse laser
(~200 fs) as an excitation source.

[0129] FIG. 2 is a graph showing photoluminescence spec-
trum of p-terphenyl of Comparative Example, and FIG. 3 is a
graph showing photoluminescence spectrum of a carborane
compound (Compound 1) prepared according to Example.
The spectra of the compounds of Example and Comparative
Example were measured at room temperature, and each com-
pound was in a solid form. Referring to FIGS. 2 and 3, the PL
spectrum of p-terphenyl has a peak at about 370 nm, while the
PL spectrum of the carborane compound (Compound 1) of
Example has a peak at about 480 nm. In other words, as
carborane was linked to p-terphenyl, the PL spectrum was
red-shifted, and the emission lifetime (t) of Compound 1
increased from 2 ns to 2.5 ps. This is considered that the
luminescence mechanism of Compound 1 of Example
involves phosphorescence luminescence of T,—S, having a
lower energy than fluorescence luminescence of S,—S, of
p-terphenyl, and thus Compound 1 of Example has an
increased luminescence wavelength, resulting in an increase
in emission lifetime thereof due to the phosphorescence lumi-
nescence.

[0130] FIG. 4A is a graph showing emission spectrum
spectrum of p-terphenyl of Comparative Example according
to temperature and shape, and FIG. 4B is a graph showing
emission spectrum of the carborane compound of Example
(Compound 1) according to temperature and shape.

[0131] Referring to FIGS. 4A and 4B, an absorption spec-
trum of p-terphenyl appears at about 270 nm, and an absorp-
tion spectrum of Compound I of Example appears at about
304 nm. While p-terphenyl in a solution state at room tem-
perature exhibits strong fluorescence luminescence at about
340 nm, the carborane compound (Compound 1) of Example
does not emit light in a solution state at room temperature and
exhibits strong blue-green luminescence at about 480 nm in a
solution state at 77K. Notably, the carborane compound of
Example in a solid state at room temperature exhibits an
emission band that is almost the same as that in a solution
state at 77K. From the fact that as well as a large Stoke’s shift
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(about 180 nm), the emission lifetime of Compound 1 of
Example in a solid state is about 2.5 ps, it is confirmed that
Compound 1 of Example emits phosphorescence. In addition,
a luminescence spectrum of a PMMA film doped with 10 wt
% of Compound 1 of Example has luminous properties simi-
lar to that of Compound 1 of Example, i.e., red-shifted a bit.
[0132] In contrast, the PL spectrum of p-terphenyl at 77 K
exhibits strong fluorescence luminescence at the same posi-
tion as that measured in a solid state at room temperature, and
has a weak phosphorescence shoulderina low energy region.
Also, p-terphenyl in a solid state at room temperature exhibits
similar fluorescence properties including overall red-shift.
[0133] FIG. 5A is a diagram illustrating an energy level of
geometric structures S, S, and T, of p-terpheny! of Compara-
tive Example, calculated using TD-DFT, and FIG. 5B is a
diagram illustrating an energy level of geometric structures
So, S, and T, of the carborane compound of Example (Com-
pound 1), calculated using TD-DFT. The geometric structures
So, S;, and T, respectively indicate geometric structures of
molecules measured from an absorption spectrum, a fluores-
cence emission spectrum, and a phosphorescence emission
spectrum. In both p-terphenyl of Comparative Example and
the carborane compound of Example, as the geometric struc-
tures go from Sy to S, to T, angles between phenyl groups in
the p-terphenyl group become smaller, and thus the phenyl
groups in the T structure lie substantially on a plane.

[0134] Referring to FIGS. 5A and 5B, inoptimal S, and T,
structures of Compound 1 of Example and p-terphenyl of
Comparative Example, an energy of Compound 1 of Example
in the S, state is lower than an energy of p-terphenyl of
Comparative Example in the S, state, and an energy of Com-
pound 1 of Example in the T, and T, states is higher than an
energy of p-terphenyl in the T, and T, states. Thus, a gap
between the energies of Compound 1 of Example in the S,
state and the T, state most adjacent to the S, state is much
smaller than that of p-terphenyl. This enables the S, state of
Compound 1 of Example to be easily transferred to the T,
state.

[0135] As described above, Compound 1 of Example in a
solution state does not emit light. This is considered because
the energy ofthe S, state is lostto other states including the T,
state, through non-radioactive attenuation due to free rotation
of carborane and p-terphenyl in the solution of Compound 1
of Example. In addition, it is attributed to a difference in
solution-state and solid-state structures of Compound 1 of
Example. In other words, this is because strong phosphores-
cence of Compound 1 of Example comes from the T, state,
and such a T, state requiring substantially planar and solid
conformation cannot be stably maintained due to free rotation
of carborane and the p-terphenyl group, in spite of rapid
intersystem crossing from the S, state to the T, state in the
solution state of Compound 1 of Example.

[0136] Substitution of p-terphenyl with carborane enables a
small energy gap between the S, state (excited state) and the
T, state most adjacent thereto, thereby accelerating the inter-
system crossing from S, to T,, which finally make the carbo-
rane compound in the T, state. As a result, the carborane
compound emits strong phosphorescence at room tempera-
ture.

[0137] As described above, according to the one or more
embodiments of the present invention, a carborane compound
represented by Formula 1 above has a high possibility of
intersystem crossing at room temperature, and thus an effi-
ciency of generating excitons is high, resulting in high lumi-
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nous efficiency. Thus, an organic light-emitting diode includ-
ing the carborane compound of Formula 1 may have excellent
luminous efficiency at room temperature, and a high-quality
flat display device including the organic light-emitting diode
may be provided.

[0138] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

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

Ry),—CB—[Ar],—CB—R,}, <Formula 1>

wherein CB refers to carborane;

each of R, and R, is independently one selected from the
group consisting of a hydrogen atom, a deuterium atom,
ahalogen atom, a hydroxyl group, a cyano group, a nitro
group, a nitrile group, a carboxyl 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,, cycloalkyl group, a substituted or
unsubstituted C;-Cs, cycloalkenyl group, a substituted
or unsubstituted Cs-C,, aryl group, a substituted or
unsubstituted C,-C;, heteroaryl group, a substituted or
unsubstituted Cs-C,, aryloxy group, a substituted or
unsubstituted C,-Cs, acyl group, a substituted or unsub-
stituted C,-C;,, amide group, a substituted or unsubsti-
tuted C,-C,, ester group, a substituted or unsubstituted
C5-C4, arylthio group, and a group represented by
N(Q,)(Q,), and each of Q, and Q, is independently one
selected from the group consisting of a hydrogen atom,
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, an amino group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethy! group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted pentyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted pyridinyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubsti-
tuted fluorenyl group, a substituted or unsubstituted car-
bazolyl group, and a substituted or unsubstituted pyrim-
1dinyl group;

each of a and b is independently an integer of 1 to 10, a R,
groups are the same as or different from each other and
bR, groups are the same as or different from each other;

Ar is a substituted or unsubstituted phenylene group; and

nisaninteger of 1 to 10, and, when n is more than 1, the Ar
groups are the same as or different from each other.

2. The compound of claim 1, wherein the carborane is
represented by C,B, H, .

3. The compound of claim 1, wherein the carborane is
represented by C,B,,H .

4. The compound of claim 1, wherein the carborane is an
ortho-, meta- or para-carborane.

5. The compound of claim 1, wherein —[ Ar|,— is bonded
to a carbon atom of one of the carboranes and a carbon atom
of the other of the carboranes.
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6. The compound of claim 1, wherein —[ Ar],— is bonded
to a boron atom of one of the carboranes and to a boron atom
of the other of the carboranes.

7. The compound of claim 1, wherein each of R, and R, is
independently one selected from the group consisting of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or unsubsti-
tuted propyl group, a substituted or unsubstituted butyl group,
a substituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubstituted
biphenyl group, a substituted or unsubstituted terphenyl
group, a substituted or unsubstituted phenoxy group, a sub-
stituted or unsubstituted fluorenyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted diazinyl group, a substituted or
unsubstituted triazinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted benzimida-
zolyl group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted pentalenyl group, a sub-
stituted or unsubstituted indenyl group, a substituted or
unsubstituted azulenyl group, a substituted or unsubstituted
heptalenyl group, a substituted or unsubstituted indacenyl
group, a substituted or unsubstituted acenaphthyl group, a
substituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted phenanthrolinyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted picenyl
group, a substituted or unsubstituted perylenyl group, a sub-
stituted or unsubstituted pentaphenyl group, a substituted or
unsubstituted hexacenyl group, a substituted or unsubstituted
pyrrolyl group, a substituted or unsubstituted imidazolyl
group, a substituted or unsubstituted pyrazolyl group, a sub-
stituted or unsubstituted imidazopyridinyl group, a substi-
tuted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted imidazopyrimidinyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted indolyl
group, a substituted or unsubstituted isoindolyl group, a sub-
stituted or unsubstituted pyridoindolyl group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
purinyl group, a substituted or unsubstituted benzoquinolinyl
group, a substituted or unsubstituted phthalazinyl group, a
substituted or unsubstituted naphthyridinyl group, a substi-
tuted or unsubstituted quinoxalinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
tuted phenazinyl group, a substituted or unsubstituted furanyl
group, a substituted or unsubstituted benzofuranyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted thiophenyl group, a substituted or
unsubstituted benzothiopheny! group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or unsubsti-
tuted thiazolyl group, a substituted or unsubstituted isothia-
zolyl group, a substituted or unsubstituted benzothiazolyl
group, a substituted or unsubstituted oxazolyl group, a sub-
stituted or unsubstituted isoxazolyl group, a substituted or
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unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted triazolyl group, a substituted or unsubstituted tetrazolyl
group, or a group represented by N(Q, )(Q,), and each of Q,
and Q, is independently one selected from the group consist-
ing of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, an amino group, a nitro
group, a carboxyl group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted pen-
tyl group, a substituted or unsubstituted phenyl group, a sub-
stituted or unsubstituted pyridinyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluorenyl group,
a substituted or unsubstituted carbazolyl group, and a substi-
tuted or unsubstituted pyrimidinyl group.

8. The compound of claim 1, wherein [Ar] is represented
by Formula 2 below:

<Formula 2>
(Ul)p

\4\
N
wherein U, is one selected from the group consisting of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted pentyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted biphenyl group, a substi-
tuted or unsubstituted terphenyl group, a substituted or
unsubstituted phenoxy group, a substituted or unsubsti-
tuted fluorenyl group, a substituted or unsubstituted car-
bazolyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted diazinyl group, a substituted
or unsubstituted triazinyl group, a substituted or unsub-
stituted quinoliny! group, a substituted or unsubstituted
benzimidazolyl group, a substituted or unsubstituted
benzoxazolyl group, a substituted or unsubstituted pen-
talenyl group, a substituted or unsubstituted indenyl
group, a substituted or unsubstituted azulenyl group, a
substituted or unsubstituted heptalenyl group, a substi-
tuted or unsubstituted indacenyl group, a substituted or
unsubstituted acenaphthyl group, a substituted or unsub-
stituted spiro-fluorenyl group, a substituted or unsubsti-
tuted phenalenyl group, a substituted or unsubstituted
phenanthridinyl group, a substituted or unsubstituted
phenanthrolinyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthe-
nyl group, a substituted or unsubstituted triphenylenyl
group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted chrysenyl group, a substi-
tuted or unsubstituted naphthaceny! group, a substituted
or unsubstituted picenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted
pentaphenyl group, a substituted or unsubstituted
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hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted imidazolyl group, a
substituted or unsubstituted pyrazolyl group, a substi-
tuted or unsubstituted imidazopyridinyl group, a substi-
tuted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsub-
stituted imidazopyrimidinyl group, a substituted or
unsubstituted pyridazinyl group, a substituted or unsub-
stituted indolyl group, a substituted or unsubstituted
1soindolyl group, a substituted or unsubstituted pyrido-
indolyl group, a substituted or unsubstituted indazolyl
group, a substituted or unsubstituted purinyl group, a
substituted or unsubstituted benzoquinolinyl group, a
substituted or unsubstituted phthalazinyl group, a sub-
stituted or unsubstituted naphthyridinyl group, a substi-
tuted or unsubstituted quinoxalinyl group, a substituted
or unsubstituted quinazolinyl group, a substituted or
unsubstituted phenazinyl group, a substituted or unsub-
stituted furanyl group, a substituted or unsubstituted
benzofuranyl group, a substituted or unsubstituted
dibenzofuranyl group, a substituted or unsubstituted
thiophenyl group, a substituted or unsubstituted ben-
zothiophenyl group, a substituted or unsubstituted
dibenzothiophenyl group, a substituted or unsubstituted
thiazolyl group, a substituted or unsubstituted isothiaz-
olyl group, a substituted or unsubstituted benzothiazolyl
group, a substituted or unsubstituted oxazolyl group, a
substituted or unsubstituted isoxazolyl group, a substi-
tuted or unsubstituted oxadiazolyl group, a substituted
or unsubstituted triazolyl group, a substituted or unsub-
stituted tetrazolyl group, or a group represented by
N(Q,)(Q,), and each of Q, and Q, is independently one
selected from the group consisting of a hydrogen atom,
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, an amino group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted pentyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted pyridinyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubsti-
tuted fluorenyl group, a substituted or unsubstituted car-
bazolyl group, and a substituted or unsubstituted pyrim-
idinyl group; and

p is an integer of 1 to 4, and when p is equal or larger than
2, the U, groups are the same as or different from each
other.

9. The compound of claim 1, wherein —[Ar], — is repre-
sented by Formula 3a, 3b or 3¢ below:

<Formula 3a>

(ZZ)r
(Z1)q

|- — -
=\ xS
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-continued
<Formula 3b>

A

Cy— I Zs)s

<Formula 3¢>

N X
S0 (X
), \ —/ “{Z3)s
/
\ /\(Zl)r

wherein each of Z,, Z, and 7, is independently one
selected from the group consisting of a hydrogen atom,
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, a carboxyl group, a substi-
tuted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted
propyl group, a substituted or unsubstituted butyl group,
asubstituted or unsubstituted pentyl group, a substituted
or unsubstituted phenyl group, a substituted or unsub-
stituted biphenyl group, a substituted or unsubstituted
terphenyl group, a substituted or unsubstituted phenoxy
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted carbazolyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted phenanthrenyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubsti-
tuted diazinyl group, a substituted or unsubstituted tri-
azinyl group, a substituted or unsubstituted quinolinyl
group, a substituted or unsubstituted benzimidazolyl
group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted pentalenyl group, a
substituted or unsubstituted indenyl group, a substituted
or unsubstituted azulenyl group, a substituted or unsub-
stituted heptalenyl group, a substituted or unsubstituted
indacenyl group, a substituted or unsubstituted acenaph-
thyl group, a substituted or unsubstituted spiro-fluorenyl
group, a substituted or unsubstituted phenalenyl group, a
substituted or unsubstituted phenanthridinyl group, a
substituted or unsubstituted phenanthrolinyl group, a
substituted or unsubstituted anthryl group, a substituted
or unsubstituted fluoranthenyl group, a substituted or
unsubstituted triphenylenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubsti-
tuted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted pice-
nyl group, a substituted or unsubstituted perylenyl
group, a substituted or unsubstituted pentaphenyl group,
a substituted or unsubstituted hexacenyl group, a substi-
tuted or unsubstituted pyrrolyl group, a substituted or
unsubstituted imidazolyl group, a substituted or unsub-
stituted pyrazolyl group, a substituted or unsubstituted
imidazopyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrim-
idinyl group, a substituted or unsubstituted imidazopy-
rimidinyl group, a substituted or unsubstituted pyridazi-
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nyl group, a substituted or unsubstituted indolyl group, a
substituted or unsubstituted isoindolyl group, a substi-
tuted or unsubstituted pyridoindolyl group, a substituted
or unsubstituted indazolyl group, a substituted or unsub-
stituted purinyl group, a substituted or unsubstituted
benzoquinolinyl group, a substituted or unsubstituted
phthalazinyl group, a substituted or unsubstituted naph-
thyridinyl group, a substituted or unsubstituted quinox-
alinyl group, a substituted or unsubstituted quinazolinyl
group, a substituted or unsubstituted phenazinyl group, a
substituted or unsubstituted furanyl group, a substituted
or unsubstituted benzofuranyl group, a substituted or
unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsub-
stituted benzothiophenyl group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubsti-
tuted isothiazolyl group, a substituted or unsubstituted
benzothiazolyl group, a substituted or unsubstituted
oxazolyl group, a substituted or unsubstituted isoxazolyl
group, a substituted or unsubstituted oxadiazolyl group,
a substituted or unsubstituted triazolyl group, a substi-
tuted or unsubstituted tetrazolyl group, or a group rep-
resented by N(Q, )(Q,), and each of Q, and Q, is inde-
pendently one selected from the group consisting of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, an amino group, a nitro
group, a carboxyl group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group,
asubstituted or unsubstituted propyl group, a substituted
or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted carbazolyl group, and a substituted or unsubsti-
tuted pyrimidinyl group;

aplurality of 7, Z, and 7, are each independently the same
as or different from each other;

each of q, r and s is an integer of 0 to 4; and

* denotes a binding site.

10. The compound of claim 1, being one of the compounds

represented by Formulae 4a through 4¢ below:

<Formula 4a>

R, R
/ \
< (s

<Formula 4b>

R,

\ J

<Formula 4¢>

-B-0-0C0-B-
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wherein vertexes at which element symbols are not repre-
sented each independently indicate B—H: and

each of R, and R, is independently one selected from the
group consisting of a hydrogen atom, a deuterium atom,
ahalogen atom, a hydroxyl group, a cyano group, a nitro
group, a carboxyl group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group,
asubstituted or unsubstituted propyl group, a substituted
or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted biphenyl group, a
substituted or unsubstituted terphenyl group, a substi-
tuted or unsubstituted phenoxy group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted carbazolyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenan-
threnyl group, a substituted or unsubstituted pyridinyl
group, a substituted or unsubstituted diazinyl group, a
substituted or unsubstituted triazinyl group, a substi-
tuted or unsubstituted quinolinyl group, a substituted or
unsubstituted benzimidazolyl group, a substituted or
unsubstituted benzoxazolyl group, a substituted or
unsubstituted pentalenyl group, a substituted or unsub-
stituted indenyl group, a substituted or unsubstituted
azulenyl group, a substituted or unsubstituted heptalenyl
group, a substituted or unsubstituted indacenyl group, a
substituted or unsubstituted acenaphthyl group, a sub-
stituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenyl group, a substituted or
unsubstituted phenanthridiny! group, a substituted or
unsubstituted phenanthrolinyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubsti-
tuted fluoranthenyl group, a substituted or unsubstituted
triphenylenyl group, a substituted or unsubstituted pyre-
nyl group, a substituted or unsubstituted chrysenyl
group, a substituted or unsubstituted naphthacenyl
group, a substituted or unsubstituted picenyl group, a
substituted or unsubstituted perylenyl group, a substi-
tuted or unsubstituted pentaphenyl group, a substituted
or unsubstituted hexacenyl group, a substituted or
unsubstituted pyrrolyl group, a substituted or unsubsti-
tuted imidazolyl group, a substituted or unsubstituted
pyrazolyl group, a substituted or unsubstituted imida-
zopyridinyl group, a substituted or unsubstituted pyrazi-
nyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted imidazopyrimidi-
nyl group, a substituted or unsubstituted pyridazinyl
group, a substituted or unsubstituted indolyl group, a
substituted or unsubstituted isoindolyl group, a substi-
tuted or unsubstituted pyridoindolyl group, a substituted
or unsubstituted indazolyl group, a substituted or unsub-
stituted purinyl group, a substituted or unsubstituted
benzoquinolinyl group, a substituted or unsubstituted
phthalazinyl group, a substituted or unsubstituted naph-
thyridinyl group, a substituted or unsubstituted quinox-
alinyl group, a substituted or unsubstituted quinazolinyl
group, a substituted or unsubstituted phenazinyl group, a
substituted or unsubstituted furanyl group, a substituted
or unsubstituted benzofuranyl group, a substituted or
unsubstituted dibenzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsub-
stituted benzothiophenyl group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or
unsubstituted thiazolyl group, a substituted or unsubsti-
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tuted isothiazolyl group, a substituted or unsubstituted
benzothiazolyl group, a substituted or unsubstituted
oxazolyl group, a substituted or unsubstituted isoxazolyl
group, a substituted or unsubstituted oxadiazolyl group,
a substituted or unsubstituted triazolyl group, a substi-
tuted or unsubstituted tetrazolyl group, or a group rep-
resented by N(Q, (Q,), and each of Q, and Q, is inde-
pendently one selected from the group consisting of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, an amino group, a nitro
group, a carboxyl group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group,
asubstituted or unsubstituted propyl group, a substituted
or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted carbazolyl group, and a substituted or unsubsti-
tuted pyrimidinyl group.

11. An organic light-emitting diode comprising:

a first electrode;

a second electrode facing the first electrode, and

a first layer interposed between the first electrode and the

second electrode, wherein the first layer comprises the
compound according to claim 1.

12. The organic light-emitting diode of claim 11, wherein
the first layer is at least one selected from the group consisting
of a hole injection layer, a hole transport layer, a functional
layer having a hole injection ability and a hole transporting
ability, an electron blocking layer, an emission layer, a hole
blocking layer, an electron transport layer, and electron injec-
tion layer, and a functional layer having an electron injection
ability and an electron transporting ability.

13. The organic light-emitting diode of claim 11, wherein
the first layer is an emission layer and comprises a host and a
dopant comprised of the compound represented by Formula
1.

14. The organic light-emitting diode of claim 13, wherein
the compound represented by Formula 1 emits phosphores-
cence from a triplet state T,.

15. The organic light-emitting diode of claim 13, wherein
an energy gap between a singlet state S, and a triplet state T,
of the compound represented by Formula 1 is between about
0.05 eV to about 0.15 eV.

16. The organic light-emitting diode of claim 13, wherein
the compound represented by Formula 1 has a phosphores-
cence lifetime in the range of about 0.1 ps to about 50 ps.

17. The organic light-emitting diode of claim 11, wherein
the first layer is an emission layer and comprises a dopant and
ahost comprised of the compound represented by Formula 1.

18. The organic light-emitting diode of claim 11, further
comprising, between the first electrode and the second elec-
trode, at least one selected from the group consisting ofa hole
injection layer, a hole transport layer, a functional layer hav-
ing a hole injection ability and a hole transporting ability, an
electron blocking layer, an emission layer, a hole blocking
layer, an electron transport layer, and electron injection layer,
and a functional layer having an electron injection ability and
an electron transporting ability different from the first layer.

19. The organic light-emitting diode of claim 18, wherein
atleast one of the hole injection layer, the hole transport layer,
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and the functional layer having a hole injection ability and a
hole transporting ability further comprises a charge-generat-
ing material.

20. The organic light-emitting diode of claim 18, wherein
the emission layer comprises a host and a fluorescent or
phosphorescent dopant.

21. The organic light-emitting diode of claim 20, wherein
the phosphorescent dopant comprises at least one selected
from the group consisting of iridium (Ir), platinum (Pt),
osmium (Os), rhenium (Re), titanium (Ti), zirconium (Zr),
and hafnium (Hf).

Dec. 20,2012

22. The organic light-emitting diode of claim 18, wherein
the electron transport layer comprises an electron transport-
ing organic material and a metal-containing material.

23. The organic light-emitting diode of claim 22, wherein
the metal-containing material is a Li complex.

24. A flat display device comprising a transistor compris-
ing a source, a drain, a gate, and an active layer; and the
organic light-emitting diode according to claim 11, wherein
one of the source and the drain is electrically connected to a
first electrode of the organic light-emitting diode.

* #* * #* #®
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