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1
ORGANIC LIGHT-EMITTING COMPOUND
AND ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0071370, filed on
Jun. 29, 2012 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a compound for organic
light-emitting devices, and an organic light-emitting device
including the compound.

2. Description of the Related Art

Organic light-emitting devices (OLEDs) are self-emitting
devices having wide viewing angles, good contrast, quick
response speeds, high brightness, and good driving voltage
characteristics. Also, OLEDs can provide multicolored
images.

A typical OLED has a structure including a substrate, and
an anode, a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and a cathode
sequentially stacked on the substrate. In this regard, the HTL,
the EML, and the ETL are organic thin films formed of
organic compounds.

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 excitons. When the excitons drop from an
excited state to a ground state, light is emitted.

A major factor affecting luminescent efficiency of an
OLED is the luminescent material. Although fluorescent
materials have been widely used as the luminescent material,
development of a phosphorescent material capable of
improving luminescent efficiency up to four times based on
theoretical electroluminescence mechanisms would be an
effective method for improving luminescent efficiency.

Currently, 4,4'-bis(carbazol-9-yl)biphenyl (CBP) is a
known phosphorescent host material. High-efficiency
organic light-emitting devices with hole blocking layers
formed from 2,9-dimethyl-4,7-diphenyl-1,10-phenanthro-
line (BCP) or BAlg, and high-performance OLEDs using a
BAlq derivative as a host are also known.

Although they have advantageous light-emitting character-
istics, these existing luminescent materials have low glass
transition temperatures and poor thermal stability, and thus
may deteriorate during high-temperature deposition pro-
cesses conducted under vacuum. The power efficiency of an
OLED may be represented as: Power efficiency=(r/Volt-
age)xCurrent Efficiency. That is, the power efficiency is
inversely proportional to voltage, and the power efficiency of
the OLED should be high in order to reduce power consump-
tion. In practice, OLEDs using common phosphorescent
(host) materials, such as BAlq or CBP, may have higher
driving voltages, but considerably higher current efficiency
(cd/A), as compared with OLEDs using fluorescent materials,
and thus are not advantageous in terms of power efficiency
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(Im/w). OLEDs using such existing host materials are also
not satisfactory in terms of lifetime.

SUMMARY

Embodiments of the present invention are directed to a
novel organic light-emitting compound with a rigid backbone
having improved luminescent efficiency and lifetime as com-
pared with existing host materials, as well as appropriate
color coordinates. Other embodiments of the present inven-
tion are directed to high-efficiency, long lifetime organic
light-emitting devices using the organic light-emitting com-
pound.

According to an aspect of the present invention, a com-
pound is represented by Formula 1 below.

Ry Rs
R Y. Ry
R X R,
Rz
R )\ .
A

Formula 1

Rs Ry,

In Formula 1, A, to A, are each independently N, O, S, or
C(R,,). X and Y are each independently N, O, or S. Bis N or
C(R,,). Aris a substituted or unsubstituted C-Cq, aryl group
or a substituted or unsubstituted C5-C,, hetero aryl group. R,
to R}s, Ryg, and R, are each independently a hydrogen atom,
a deuterium atom, a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C3-C60 cycloalkyl
group, a substituted or unsubstituted C6-C60 aryl group, or a
substituted or unsubstituted C3-C60 heteroaryl group.
Optionally, R, s and R, may be linked to form a ring.

According to another aspect of the present invention, an
organic light-emitting device includes: a first electrode; a
second electrode; and an organic layer between the first elec-
trode and the second electrode. The organic layer includes the
above-described compound.

According to another aspect of the present invention, a flat
panel display device includes the above-described organic
light-emitting device, in which the first electrode of the
organic light-emitting device is electrically connected to a
source electrode or a drain electrode of a thin-film transistor.

BRIEF DESCRIPTION OF THE DRAWING

The above and other features and advantages of the present
invention will become more apparent by reference to the
following detailed description when considered in conjunc-
tion with the attached drawing in which:

FIG. 1 is a schematic of the structure of an organic light-
emitting device according to an embodiment of the present
invention.
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DETAILED DESCRIPTION

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

According to an aspect of the present invention, an organic
light-emitting compound is represented by Formula 1 below.

Formula 1

In Formula 1, A, to A, are each independently N, O, S, or
C(R,p). X andY are each independently N, O, or S; Bis N or
C(R,,). Aris a substituted or unsubstituted C4-C, aryl group
or a substituted or unsubstituted C;-C,, hetero aryl group. R
to R 5, Ry, and R, are eachindependently a hydrogen atom,
a deuterium atom, a substituted or unsubstituted C1-C60
alkyl group, a substituted or unsubstituted C3-C60 cycloalkyl
group, a substituted or unsubstituted C6-C60 aryl group, or a
substituted or unsubstituted C3-C60 heteroaryl group. R,
and R,, may optionally be linked to form a ring.

According to embodiments of the present invention, the
compound of Formula 1 may have improved luminescent
efficiency and improved lifetime characteristics. Thus, an
organic light-emitting device manufactured using the com-
pound may have a long lifetime, and higher power efficiency
with improved power consumption.

In the compound of Formula 1, the core moiety (i.e.,

%

Al)\AZ
)l\ )\
Ar A3 *),

the moiety linked to the core (i.e.,

Ry

R

Ry

~

Ry

Ry Rg \

4
the moiety
*
5 Ry Ry
N
—
Ry \ Ry,
b/
10 2
Ris Ryy =
and Ar will now be described in greater detail.
s In some embodiments, in Formula 1, the core moiety
*
)\
20 All A2
)\ )\
Af 1 *
may be a moiety represented by one of the following formu-
25

lae, wherein * indicates a binding site.

E3 Ed

)\ )\
Ar " Ar N *

The core may provide the compound of Formula 1 with the
ability to transport electrons.

30

35

In some embodiments, in Formula 1, the moiety

40 R4 Rs
R; Y. R¢
45 Ry )l( Ry
Ry * Rg

linked to the core may be a moiety represented by one of the
following formulae, wherein * indicates a binding site.
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Ry Rs
R; S Rg
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R2 TI R7
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In some other embodiments, in Formula 1, the

*

Rio |

N

Ry

\_/

Rys

Ryi3
Ry

moiety may be a moiety represented by one of the following
formulae.

In the formulae above, R, to R;; may be each indepen-
dently a hydrogen atom, a deuterium atom, a substituted or
unsubstituted C1-C60 alkyl group, a substituted or unsubsti-
tuted C3-C60 cycloalkyl group, a substituted or unsubstituted
C6-C60 aryl group, or a substituted or unsubstituted C3-C60
heteroaryl group. Also, and * indicates a binding site.

In the carbazole analogue moiety, the N at the 9 position of
the carbazole moiety is directly linked to the core, so that
excitons may be generated with an increased bandgap level
and a T1 energy level of about 2.5 eV or greater, which is
advantageous for a phosphorescent host. Due to this advan-
tage, the compound is more suitable for use as a host in the
EML rather than in the HTL.

The carbazole analogue moiety may provide the com-
pound of Formula 1 with the ability to transport holes.

Due to the core and carbazole analogue moieties in For-
mula 1, the compound of Formula 1 may have the ability to
transport both electrons and holes, and thus may be used as a
light-emitting material.

In some other embodiments, in Formula 1, Ar may be a
compound represented by one of the following formulae,
wherein * indicates a binding site.
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In some embodiments, in Formula 1 above, R, to Ry may be
each independently a hydrogen atom or a deuterium atom;
andR,to R, 5, and R,; may be each independently a hydrogen
atom, a deuterium atom, or a substituted or unsubstituted
C6-C60 aryl group.

Hereinafter, substituents described with reference to the
formulae will now be described in detail. In this regard, the
numbers of carbon atoms in the substituents are presented
only for illustrative purposes and do not limit the character-
istics of the substituents.

The unsubstituted C,-C,, alkyl group, as used herein,
refers to a linear or branched group. Examples of the alkyl
group may include, but are not limited to, a methyl group, an
ethyl group, a propyl group, an isobutyl group, a sec-butyl
group, a pentyl group, an iso-amyl group, a hexyl group, a
heptyl group, an octyl group, a nonanyl group, and a dodecyl
group. To obtain the substituted C,-C, alkyl group, at least
one hydrogen atom of the alkyl group may be substituted with
a heavy hydrogen atom, a halogen atom, a hydroxyl group, a
nitro group, a cyano group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,,, alkyl group, a C,-C,,
alkoxy group, a C,-C,, alkenyl group, a C,-C,, alkynyl
group, a C4-C,  aryl group, or a C,-C | ; heteroaryl group.

Theunsubstituted C,-C,, alkenyl group indicates an unsat-
urated alkyl group having at least one carbon-carbon double
bond in the center or at a terminal end of the alkyl group.
Examples of the alkenyl group include an ethenyl group, a
propenyl group, a butenyl group, and the like. To obtain the
substituted C,-C, alkenyl group, at least one hydrogen atom
in the unsubstituted alkenyl group may be substituted with the
substituents described above in connection with the alkyl
group.

The unsubstituted C,-Cg, alkynyl group indicates an alkyl
group having at least one carbon-carbon triple bond in the
center or at a terminal end of the alkyl group. Examples of the
unsubstituted C,-C,, alkynyl group include acetylene, pro-
pylene, phenylacetylene, naphthylacetylene, isopropylacety-
lene, t-butylacetylene, diphenylacetylene, and the like. To
obtain the substituted C,-Cg, alkynyl group, at least one
hydrogen atom in the alkynyl group may be substituted with
the substituents described above in connection with the alkyl
group.

The unsubstituted C,-Cq, cycloalkyl group indicates a
C;-Cg cyclic alkyl group. To obtain the substituted C5-Cg,
cycloalkyl group, at least one hydrogen atom in the cycloalkyl
group may be substituted with the substituents described
above in connection with the C,-Cg, alkyl group.
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The unsubstituted C,-C, alkoxy group indicates a group
having a structure of —OA where A is an unsubstituted
C,-Cs, alkyl group as described above. Non-limiting
examples of the unsubstituted C,-Cq, alkoxy group include a
methoxy group, an ethoxy group, a propoxy group, an iso-
propyloxy group, a butoxy group, and a pentoxy group. To
obtain the substituted C,-C,, alkoxy group, at least one
hydrogen atom of the alkoxy group may be substituted with
the substituents described above in connection with the alkyl
group.

The unsubstituted C¢-Cg, aryl group indicates a carbocy-
clic aromatic system containing at least one ring. At least two
rings may be fused to each other or linked to each other by a
single bond. The term ‘aryl’ refers to an aromatic system,
such as phenyl, naphthyl, or anthracenyl. To obtain the sub-
stituted C4-Cg, aryl group, at least one hydrogen atom in the
aryl group may be substituted with the substituents described
above in connection with the unsubstituted C,-Cg, alkyl
group.

Non-limiting examples of the substituted or unsubstituted
Cs-Cyo aryl group include a phenyl group, a C,-C, , alkylphe-
nyl group (for example, ethylphenyl group), a halophenyl
group (for example, o-, m-, and p-fluoropheny! groups, die-
hlorophenyl groups), a cyanophenyl group, a dicyanophenyl
group, a trifluoromethoxyphenyl group, a biphenyl group, a
halobiphenyl group, a cyanobiphenyl group, a C,-C,, alkyl
biphenyl group, a C,-C, , alkoxybiphenyl group, an o-, m-, or
p-toryl group, an o-, m-, or p-cumenyl group, a mesityl group,
a phenoxyphenyl group, an (o,a-dimethylbenzene)phenyl
group, a (N,N'-dimethyl)aminophenyl group, a (N,N'-diphe-
nyl)aminophenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, a halonaphthyl group (for example,
fluoronaphthyl group), a C,-C,, alkylnaphthyl group (for
example, methylnaphthyl group), a C,-C,, alkoxynaphthyl
group (for example, methoxynaphthyl group), a cyanonaph-
thyl group, an anthracenyl group, an azulenyl group, a hep-
talenyl group, an acenaphthylenyl group, a phenalenyl group,
a fluorenyl group, an anthraquinolyl group, a methylanthryl
group, a phenanthryl group, a triphenylene group, a pyrenyl
group, a chrysenyl group, an ethyl-chrysenyl group, a picenyl
group, a perylenyl group, a chloroperylenyl group, a pen-
taphenyl group, a pentacenyl group, a tetraphenylenyl group,
a hexaphenyl group, a hexacenyl group, a rubicenyl group, a
coronenyl group, a trinaphthylenyl group, a heptaphenyl
group, a heptacenyl group, a pyranthrenyl group, and an
ovalenyl group.

The unsubstituted C,-C,, heteroaryl group, as used herein,
refers to arvl groups containing one, two or three hetero atoms
selected from N, O, P and S. At least two rings may be fused
to each other or linked to each other by a single bond.
Examples of the unsubstituted C,-C,, heteroaryl group
include a pyrazolyl group, an imidazolyl group, an oxazolyl
group, a thiazolyl group, a triazolyl group, a tetrazolyl group,
an oxadiazolyl group, a pyridinyl group, a pyridazinyl group,
a pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolyl group, an isoquinolyl group, and a
dibenzothiophene group. In addition, to obtain the substituted
C;-Cyg, heteroaryl group, at least one hydrogen atom in the
heteroaryl group may be substituted with the substituents
described above in connection with the unsubstituted C,-Cy,
alkyl group.

The unsubstituted C;-Cg, aryloxy group is a group repre-
sented by —OA | in which A| may be a C,-C,, aryl group. An
example of the aryloxy group is a phenoxy group. To obtain
the substituted C,-C, aryloxy group, at least one hydrogen
atom in the aryloxy group may be substituted with the sub-
stituents described above in connection with the unsubsti-
tuted C,-Cq, alkyl group.

The unsubstituted C-Cg, arylthio group is represented by
—SA, where A; may be a C4-Cy, aryl group. Non-limiting
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examples of the arylthio group include a benzenethio group
and a naphthylthio group. To obtain the substituted C4-Cy,
arylthio group, at least one hydrogen atom in the arylthio
group may be substituted with the substituents described
above in connection with the unsubstituted C,-Cg,, alkyl
group.

The unsubstituted C,-C, condensed polycyclic group, as
used herein, refers to a substituent including at least two rings
in which at least one aromatic ring and/or at least one non-
aromatic ring are fused to each other, or refers to a substituent
having an unsaturated group in a ring that may not form a
conjugate structure. The unsubstituted C,-Cgy, condensed
polycyclic group is distinct from the aryl group or heteroaryl
group because it is non-aromatic.

Non-limiting examples of the compound represented by
Formula 1 include Compounds 1 to 34 represented by the
following formulae.
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According to another aspect of the present invention, an
organic light-emitting device includes a first electrode, a sec-
ond electrode, and an organic layer between the first electrode
and the second electrode. The organic layer includes the
compound of Formula 1 described above.

The organic layer may include at least one layer selected
from a hole injection layer, a hole transport layer, a functional
layer having both hole injection and hole transport capabili-
ties (hereinafter, “H-functional layer”), a buffer layer, an elec-
tron blocking layer, an emission layer, a hole blocking layer,
an electron transport layer, an electron injection layer, and a
functional layer having both electron injection and electron
transport capabilities (hereinafter, “E-functional layer”™).

In some embodiments, the organic layer may be an emis-
sion layer, and the compound may be used as a host in a
fluorescent or phosphorescent device.

In some embodiments, the organic light-emitting device
may include an electron injection layer, an electron transport
layer, an emission layer, a hole injection layer, a hole trans-
port layer, or a functional layer having both hole injection and
transport capabilities; and the emission layer may include the
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compound of claim 1 and an anthracene-based compound, an
arylamine-based compound, or a styryl-based compound.

In some other embodiments, the organic light-emitting
device may include an electron injection layer, an electron
transport layer, an emission layer, a hole injection layer, a
hole transport layer, or a functional layer having both hole
injection and transport capabilities. At least one of a red
emission layer, a green emission layet, a blue emission layer,
and a white emission layer of the emission layer may include
aphosphorescent compound. At least one of the hole injection
layer, the hole transport layer, and the functional layer having
both hole injection and hole transport capabilities may
include a charge-generating material. In some embodiments,
the charge-generating material may be a p-dopant, and the
p-dopant may be a quinone derivative, a metal oxide or a
cyano group-containing compound.

In some embodiments, the organic layer may include an
electron transport layer, and the electron transport layer may
include an electron-transporting organic compound and a
metal complex. The metal complex may be a lithium (Li)
complex.

The term “organic layer,” as used herein, refers to a single
layer and/or a plurality of layers disposed between the first
and second electrodes of the organic light-emitting device.

The organic layer may include an emission layer, and the
emission layer may include the compound of Formula 1
described above. The organic layer may include at least one of
a hole injection layer, a hole transport layer, and a functional
layer having both hole injection and hole transport capabili-
ties (hereinafter, “H-functional layer”). At least one of the
hole injection layer, the hole transport layer, and the func-
tional layer having both hole injection and hole transport
capabilities may include the compound of Formula 1.

The compound of Formula 1 in the EML may serve as a
phosphorescent host. For example, the compound of Formula
1 may serve as a green phosphorescent host, emitting green
light. The compound of Formula 1 in the EML may serve as
a fluorescent or phosphorescent dopant, emitting red light,
green light, or blue light.

FIG. 1 is a schematic sectional view of an organic light-
emitting device according to an embodiment of the present
invention. Hereinafter, a structure of an organic light-emitting
device according to an embodiment of the present invention
and a method of manufacturing the same will be described
with reference to FIG. 1.

A substrate (not shown) may be any substrate convention-
ally used in organic light emitting devices. In some embodi-
ments, the substrate may be a glass substrate or a transparent
plastic substrate having good mechanical strength, thermal
stability, transparency, surface smoothness, ease of handling,
and water resistance.

The first electrode may be formed by depositing or sput-
tering a first electrode-forming material on the substrate.
When the first electrode constitutes an anode, a material
having a high work function may be used as the first elec-
trode-forming material to facilitate hole injection. The first
electrode may be a reflective electrode or a transmissive elec-
trode. Suitable first electrode-forming materials include
transparent and conductive materials such as [TO, 120, SnQO,,
and ZnO. The first electrode may be formed as a reflective
electrode using magnesium (Mg), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), or the like.

The first electrode may have a single-layer structure or a
multi-layered structure including at least two layers. For
example, the first electrode may have a three-layered struc-
ture of ITO/Ag/ITO, but is not limited thereto.
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An organic layer(s) is formed on the first electrode.

The organic layer may include a hole injection layer (HIL),
a hole transport layer (HTL), a buffer layer (not shown), an
emission layer (EML), an electron transport layer (ETL), or
an electron injection layer (EIL).

The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like.

When the HIL is formed using vacuum deposition, the
deposition conditions may vary according to the compound
that is used to form the HIL, and the desired structure and
thermal properties of the HIL to be formed. For example, the
vacuum deposition may be performed at a temperature of
about 100° C. to about 500° C., a pressure of about 10~° torr
to about 10~ torr, and a deposition rate of about 0.01 to about
100 A/sec. However, the deposition conditions are not limited
thereto.

When the HIL is formed using spin coating, the coating
conditions may vary according to the compound that is used
to form the HIL, and the desired structure and thermal prop-
erties of the HIL to be formed. For example, the coating rate
may be in the range of about 2000 rpm to about 5000 rpm, and
the temperature at which heat treatment is performed to
remove solvent after coating may be in the range of about 80°
C. to about 200° C. However, the coating conditions are not
limited thereto.

The HIL may be formed of any material that is commonly
used to form a HIL. Examples of the material that can be used
to form the HIL include, but not limited to, N,N'-diphenyl-N,
N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4.4'-di-
amine, (DN'TPD), a phthalocyanine compound such as cop-
perphthalocyanine, 4.4' 4"tris
(3-methylphenylphenylamino)triphenylamine (m-MT-
DATA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), TDATA, 2T-NATA, polyaniline/dodecylbenzene-
sulfonic acid (Pani/DBSA), poly(3,4-ethylenediox-
ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS), polya-
niline/camphor sulfonicacid (Pani/CSA), and polyaniline)/
poly(4-styrenesulfonate (PANI/PSS).

m-MTDATA
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The thickness of the HIL may be about 100 A to about
10,000 A, and for example, about 100 A to about 1,000 A.
When the thickness of the HIL is within these ranges, the HIL,
may have good hole injecting ability without substantially
increasing driving voltage.

Then, a HTL may be formed on the HIL by vacuum depo-
sition, spin coating, casting, Langmuir-Blodgett (L.B) depo-
sition, or the like. When the HTL is formed using vacuum
deposition or spin coating, the conditions for deposition or
coating may be similar to those for the formation of the HIL,
though the conditions for the deposition or coating may vary
according to the material that is used to form the HTL.

The HTL may be formed of any known material commonly
used to form a HTL. Non-limiting examples of suitable hole
transport materials include carbazole derivatives, such as
N-phenylcarbazole or polyvinylcarbazole, N,N'-bis(3-meth-
ylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4,4'4"-tris(N-carbazolyl)triphenylamine (TCTA),
and N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine) (NPB).
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TPD

OQ QQ

The thickness of the HTT. may be about 50 A to about 2,000
A, and for example, about 100 A to about 1,500 A. When the
thickness of the HTL is within these ranges, the HTL may
have good hole transporting ability without substantially
increasing driving voltage.

The H-functional layer (having both hole injection and
hole transport capabilities) may contain at least one hole
injection layer material and at least one hole transport layer
material. The thickness of the H-functional layer may be from
about 500 A to about 10,000 A, and in some embodiments,
may be from about 100 A to about 1,000 A. When the thick-
ness of the H-functional layer is within these ranges, the
H-functional layer may have good hole injection and trans-
port capabilities without substantially increasing driving
voltage.

In some embodiments, at least one of the HIL, HTL, and
H-functional layer may include at least one of a compound of
Formula 300 below and a conipound of Formula 350 below.

JejeUe
polone

NPB

Formula 300

Rsg

Rso
N~

(Arp)r

Reg

Res
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-continued
Formula 350

Ry

N N
/ \
Ay Arp

In Formulae 300 and 350, Ar, ;, Ar, ,, Ar,; and Ar,, may be
each independently a substituted or unsubstituted C4-Cg,
arylene group.

In Formula 300, e and f may be each independently an
integer from O to 5, for example, may be 0, 1, or 2. In a
non-limiting embodiment, e may be 1, and f may be 0.

In Formulae 300 and 350, R, to Rgg, R4, t0 Rg, and R,
to R, may be each independently one of a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a substituted or unsubstituted C,-C, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group, a
substituted or unsubstituted C,-Cg, alkynyl group, a substi-
tuted or unsubstituted C,-C, alkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C4-Cy, aryl group, a substituted or unsubsti-
tuted C4-C,, arvloxy group, or a substituted or unsubstituted
Cs-Cg arylthio group. In some non-limiting embodiments,
R, to Rgg, Ry 10 Ry, R, and R, may be each indepen-
dently one of a hydrogen atom; a deuterium atom; a halogen
atom; a hydroxyl group; a cyano group; a nitro group; an
amino group; an amidino group; hydrazine; hydrazone; a
carboxyl group or a salt thereof; a sulfonic acid group or a salt
thereof; a phosphoric acid group or a salt thereof; a C,-C,
alkyl group (for example, a methyl group, an ethyl group, a
propyl group, a butyl group, a pentyl group, a hexyl group, or
the like); a C,-C,jalkoxy group (for example, a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a
pentoxy group, or the like); a C,-C, , alkyl group or a C,-C,
alkoxy group substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, or a phosphoric acid group or a salt
thereof; a phenyl group; a naphthyl group; an anthryl group;
a fluorenyl group; a pyrenyl group; or a phenyl group, a
naphthyl group, an anthryl group. a fluorenyl group, or a
pyrenyl group substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,,, alkyl group, or a C,-C,, alkoxy group.

In Formula 300, R, may beindependently a phenyl group,
a naphthyl group, an anthryl group, a biphenyl group, or a
pyridyl group; or a phenyl group, a naphthyl group, an anthryl
group, abiphenyl group, or a pyridyl group substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
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phoric acid group or a salt thereof, a substituted or unsubsti-
tuted C,-C,, alkyl group, or a substituted or unsubstituted
C,-C,, alkoxy group.

In an embodiment, the compound of Formula 300 may be
a compound represented by Formula 300A below.

Formula 300A

Rs)

\
N

&

Rg;
Re
Rs,, Reps Ry, and Ry, in Formula 300A are as defined
above, and thus a detailed description thereof will not be
provided here.
In some non-limiting embodiments, at least one of the HIL,

HTL, and H-functional layer may include at least one of the
compounds represented by Formulae 301 to 320 below.

’e
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At least one of the HIL,, HTL, and H-functional layer may
further include a charge-generating material for improved
layer conductivity, in addition to a hole injecting material,
hole transport material, and/or a material having both hole
injection and hole transport capabilities, as described above.

The charge-generating material may be, for example, a
p-dopant. The p-dopant may be selected from quinone deriva-
tives, metal oxides, and compounds with a cyano group, but is
not limited thereto. Non-limiting examples of the p-dopant
include quinone derivatives such as tetracyanoquino-
nedimethane (TCNQ), 2,3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4-CTNQ), and the like; metal
oxides such as tungsten oxide, molybdenum oxide, and the
like; and cyano-containing compounds such as Compound
200 below.
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65

Compound 200
CN
NC
N
N N, CN
| N
P
N N CN
N
NC 7
CN
F F
NC CN
NC CN
F F
<F4-CTNQ>

When the hole injection layer, hole transport layer, or
H-functional layer further includes a charge-generating mate-
rial, the charge-generating material may be homogeneously
dispersed or inhomogeneously distributed in the layer.

A buffer layer may be disposed between at least one of the
HIL, HTL, and H-functional layer, and the EML. The buffer
layer may compensate for an optical resonance distance of
light according to a wavelength of the light emitted from the
EML, and thus may increase efficiency. The butter layer may
include any known hole injecting material or hole transport-
ing material. In some other embodiments, the buffer layer
may include the same material as one of the materials
included in the HIL, HTL, or H-functional layer that underlie
the buffer layer.

Then, an EML may be formed on the HTL, H-functional
layer, or buffer layer by vacuum deposition, spin coating,
casting, Langmuir-Blodget (LB) deposition, or the like.
When the EML is formed using vacuum deposition or spin
coating, the deposition and coating conditions may be similar
to those for the formation of the HIL, though the conditions
for deposition and coating may vary according to the material
that is used to form the EML.

The EML may include the compound of Formula 1.

The EML may further include a host, in addition to the
compound of Formula 1.

Examples of the host are Alqs, 4,4'-N,N'-dicarbazole-bi-
phenyl (CBP), poly(n-vinylcarbazole) (PVK), 9,10-di(naph-
thalene-2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-phenyl-
benzimidazole-2-yl)benzene (TPBI), 3-tert-butyl-9,10-di-2-
naphthylanthracene (TBADN), E3, distyrylarylene (DSA),
dmCBP (see formula below), and Compounds 501 to 509
below, but are not limited thereto.
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In some embodiments, an anthracene-based compound
represented by Formula 400 below may be used as the host.
Formula 400

50
506

Q N 55 Arpy——(An)n

60

N
In Formula 400, Ar,,, and Ar, |, are each independently a
substituted or unsubstituted C,-Cy, arylene group; Ar, 5 to
Ar, ¢ are each independently a substituted or unsubstituted
65 C,-C,q alkyl group or a substituted or unsubstituted C4-Cy

aryl group; and g, h, 1, and j are each independently an integer
from 0 to 4.

N\ (Aryg3);
X

(Arjj)g— Ary3
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In some non-limiting embodiments, Ar,,, and Ar,,, in
Formula 400 may be each independently a phenylene group,
a naphthylene group, a phenanthrenylene group, or a pyre-
nylene group; or a phenylene group, a naphthylene group, a
phenanthrenylene group, a fluorenyl group, or a pyrenylene
group substituted with at least one of a phenyl group, a naph-
thyl group, and an anthryl group.

In Formula 400 above, g, h, 1, and j may be each indepen-
dently 0, 1, or 2.

In some non-limiting embodiments, Ar, 5 to Ar, | in For-
mula 400 may be each independently one of a C,-C,, alkyl
group substituted with at least one of a phenyl group, a naph-
thyl group, and an anthryl group; a phenyl group; a naphthyl
group; an anthryl group; a pyrenyl group; a phenanthrenyl
group; a fluorenyl group; a phenyl group, anaphthyl group, an
anthryl group, a pyrenyl group, a phenanthrenyl group, or a
fluorenyl group substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a
C,-C alkynyl group, a C, -C, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, or a fluorenyl group; or

O’QQ

For example, the anthracene compound of Formula 400
above may be one of the compounds represented by the
following formulae, but is not limited thereto:
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N In some embodiments, an anthracene-based compound
| .‘ 5o represented by Formula 401 below may be used as the host.
\ /
Formula 401
| i Arpy
55
AN\
N\ (AT12s)
N X
| 60 (Ari24)
\/ A
N\, Ar 5, 1o Ar,. in Formula 401 above may be defined as
| g5 described above in connection with Ar, ;5 of Formula 400,
x and thus detailed descriptions thereof will not be provided

here.



US 8,920,946 B2

43

Ar,,s and Ar, - in Formula 401 above may be each inde-
pendently a C,-C,, alkyl group, for example, a methyl group,
an ethyl group, or a propyl group.

In Formula 401, k and 1 may be each independently an
integer from O to 4, for example, 0, 1, or 2.

For example. the anthracene compound of Formula 401
above may be one of the compounds represented by the
following formulae, but is not limited thereto:

OO0

Fylrpic

[

45

(Fappy)alr(tmd)

44

-continued

SO
3

SO

When the organic light-emitting device is a full color
organic light-emitting device, the emission layer may be pat-
terned into a red emission layer, a green emission layer, and a
blue emission layer. The EML. may further include the com-
pound of Formula 1 as a green phosphorescent host.

At least one of the red EML, the green EML, and the blue
EML may include a dopant, as described below
(ppy=phenylpyridine).

Non-limiting examples of the blue dopant include com-
pounds represented by the following formulae.

G
3

Ir(dfppz)3
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Non-limiting examples of the red dopant include com- _ _ -continued _ _
pounds represented by the following formulae.
O
>Ir/ \ >Ir
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Non-limiting examples of the green dopant include com- s,
pounds represented by the following formulae.
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Non-limiting examples of the dopant that may be used in
the EML include Pt complexes represented by the following

formulae.

D1

D2

D3
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Non-limiting examples of the dopant that may be used in
the EML include Os complexes represented by the following
formulae.

Os(fppz),(CO),
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Os(bppz)2(PPh3);

CF3

>> \ Ph,Me

[Ij(?

N
PhyMe \ :
CF;
Os(fptz)>(PPhoMe),
C3F;
N 7
\ PhMe, |
N, N, P A
AN AN (|) S/
|
\N/ P N Ny
‘ PhMe; \
Va N
C3F5
Os(hptz),(PPhiMe;, ),

When the EML includes both a host and a dopant, the
amount of the dopant may be from about 0.01 to about 15
parts by weight based on 100 parts by weight of the host.
However, the amount of the dopant is not limited to this range.

The thickness of the EML may be about 100 A to about
1000 A, for example, about 200 A to about 600 A. When the
thickness of the EML is within these ranges, the EML may
have good light emitting ability without substantially increas-
ing driving voltage.

Then, an ETL may be formed on the EML by vacuum
deposition, spin coating, casting, or the like. When the ETL is
formed using vacuum deposition or spin coating, the deposi-
tion or coating conditions may be similar to those for the
formation of the HIL, though the deposition or coating con-
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ditions may vary according to the compound that is used to
form the ETL. A material for forming the ETL may be any
known material that can stably transport electrons injected
from an electron injecting electrode (cathode). Examples of
materials for forming the ETL include a quinoline derivative,
such as tris(8-quinolinorate)aluminum (Alg3), TAZ, BAlq,
beryllium bis(benzoquinolin-10-olate  (Bebqg,), 9,10-di
(naphthalene-2-yl)anthracene (ADN), Compound 201, and
Compound 202, but are not limited thereto.

7;(

TAZ

BAlg

Compound 201

Z

/
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The thickness of the ETL. may be from about 100 A to
about 1,000 A, and in some embodiments, may be from about
150 A to about 500 A. When the thickness of the ETL is
within these ranges, the ETL may have satisfactory electron
transporting ability without substantially increasing driving
voltage.

In some embodiments the ETL may further include a
metal-containing material, in addition to the electron-trans-
porting organic compound.

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

Compound 203
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Then, an EIL, which facilitates injection of electrons from
the cathode, may be formed on the ETL. Any suitable elec-

tron-injecting material may be used to form the EIL.

Examples of materials for forming the EIL include LiF,
NaCl, CsF, Li,0, and BaO. The deposition or coating condi-
tions for forming the EIL may be similar to those for the
formation of the HIL, though the deposition or coating con-
ditions may vary according to the material that is used to form
the EIL.

The thickness of the EIL may be about 1 A to about 100 A,
for example, about 3 A to about 90 A. When the thickness of
the EIL is within these ranges, the EIL may have satisfactory
electron injection ability without substantially increasing

driving voltage.

Finally, the second electrode is disposed on the organic
layer. The second electrode may be a cathode that is an elec-
tron injection electrode. A metal for forming the second elec-
trode may be a metal, an alloy, an electro-conductive com-
pound (all of which have a low work function), or a mixture
thereof. In this regard, the second electrode may be formed of
lithium (L1), magnesium (Mg), aluminum (Al), aluminum
(Al)-lithium (Li), calcium (Ca), magnesium (Mg)-indium
(In), magnesium (Mg)-silver (Ag), or the like, and may be
formed as a thin film type transmission electrode. In some
embodiments, to manufacture a top-emission light-emitting
device, the transmission electrode may be formed of indium
tin oxide (ITO) or indium zinc oxide (IZO).

Although the organic light-emitting device of FIG. 1 is

described above, the present invention is not limited thereto.

When a phosphorescent dopant is used in the EML, a HBL
may be formed between the HTL and the EML or between the
H-functional layer and the EML by vacuum deposition, spin
coating, casting, Langmuir-Blodgett (LB) deposition, or the
like, in order to prevent diffusion of triplet excitons or holes
into the ETL. When the HBL is formed using vacuum depo-
sition or spin coating, the conditions for deposition or coating
may be similar to those for the formation of the HIL, although
the conditions for deposition or coating may vary according
to the material that is used to form the HBL. Any known
hole-blocking material may be used. Non-limiting examples
of hole-blocking materials include oxadiazole derivatives,
triazole derivatives, and phenanthroline derivatives. For
example, bathocuproine (BCP) represented by the following

formula may be used as a material for forming the HBL.
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BCP

The thickness of the HBL may be in the range of about 20
A to about 1000 A, for example, about 30 A to about 300 A.
When the thickness of the HBL is within these ranges, the
HBL may have a good hole blocking ability without substan-

tially increasing driving voltage.

According to embodiments of the present invention, the
organic light-emitting device may be included in various
types of flat panel display devices, such as in a passive matrix
organic light-emitting display device or in an active matrix
organic light-emitting display device. In particular, when the
organic light-emitting device is included in an active matrix
organic light-emitting display device including a thin-film
transistor, the first electrode on the substrate may function as
a pixel electrode, and be electrically connected to a source
electrode or adrain electrode of the thin-film transistor. More-
over, the organic light-emitting device may also be included

in flat panel display devices having double-sided screens.

In some embodiments, the organic layer of the organic
light-emitting device may be formed of the compound of
Formula 1 by a deposition method or may be formed using a
wet method of coating a solution of the compound of Formula
1.

Hereinafter, the present invention will be described with
reference to the following synthesis examples and other
examples. However, these examples are presented for illus-
trative purposes only and are not intended to limit the scope of

the present invention.

EXAMPLES

Synthesis of Intermediate 1
<

Intermediates A to F were synthesized according to Reac-

tion Scheme 1 below:
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(1) Synthesis of Intermediate A

10 g (1 eq, 0.05 mol) of 10H-phenothiazine, and 10.1 g
(4.14 g, 1.1 eq, 0.055 mol) of 2,4,6-trichloropyrimidine were
dissolved in 400 ml of toluene. 0.95 g (0.02 eq, 0.001 mmol)
of Pd2(dba)3, 8.31 g (1.2 eq, 0.06 mol) of Na(t-bu)0, 0.12 g
(0.08 ea, 0.004 mmol) of P(t-Bu)3 were added to the solution,
and then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 9.7 g of Intermediate A
with a yield of about 56.4%.

GC-Mass (calc.; 346.23 g/mol. found; 345 g/mol).
<Step 1-1> Synthesis of Intermediate B

20 g(1 eq, 0.057 mol) of Intermediate A, and 10.6 g (1.1 eq,
0.063 mol) 9H-carbazole were dissolved in 400 ml of toluene.
0.97 g (0.02 eq, 0.00114 mmol) of Pd2(dba)3, 8.4 g (1.2 eq,
0.068 mol) of Na(t-bu)O, 0.13 g (0.08 ea, 0.0045 mmol) of
P(t-Bu)3 were added to the solution, and then heated while
stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 27.18 g of Intermediate
B with a yield of about 60.8%.

GC-Mass (calc.; 476.98 g/mol. found; 475 g/mol).
<Step 1-2> Synthesis of Intermediate C

20 g (1 eq, 0.057 mol) of Intermediate A, and 10.59 g (1.1
eq, 0.063 mol) of SH-pyrido[4,3-b]indole were dissolved in
400 ml of toluene. 0.97 g (0.02 eq, 0.00114 mmol) of Pd2
(dba)3, 8.4 g (1.2 eq, 0.068 mol) of Na(t-bu)O, 0.13 g (0.08
ea, 0.0045 mmol) of P(t-Bu)3 were added to the solution, and
then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 14.05 g of Intermediate
C with a yield of about 51.6%.

GC-Mass (calc.; 477.97 g/mol. found; 476 g/mol).
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<Step 1-3> Synthesis of Intermediate D

20 g (1 eq, 0.057 mol) of Intermediate A, and 20.12 g (1.1
eq, 0.063 mol) 3,6-diphenyl-9H-carbazole were dissolved in
400 ml of toluene. 0.97 g (0.02 eq, 0.00114 mmol) of Pd2
(dba)3, 8.4 g (1.2 eq, 0.068 mol) of Na(t-bu)O, 0.13 g (0.08
ea, 0.0045 mmol) of P(t-Bu)3 were added to the solution, and
then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 22.8 g of Intermediate
D with a yield of about 63.7%.

GC-Mass (calc.; 629.17 g/mol. found; 628 g/mol).
<Step 2> Synthesis of Intermediate E

10 g (1 eq. 0.05 mol) of 10H-phenothiazine, and 10.14 g
(4.14 g, 1.1 eq, 0.055 mol) of 2,4,6-trichloro-1,3,5-triazine
were dissolved in 400 ml of toluene. 0.95 g (0.02 eq, 0.001
mmol) of Pd2(dba)3, 8.31 g (1.2 eq, 0.06 mol) of Na(t-bu)O,
0.12 g (0.08 ea, 0.004 mmol) of P(t-Bu)3 were added to the
solution, and then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 12.56 g of Intermediate
E with a yield of about 72.4%.

GC-Mass (cale.; 347.22 g/mol. found; 346 g/mol).
<Step 2-1> Synthesis of Intermediate F

20 g (1 eq, 0.0576 mol) of Intermediate A, and 10.6 g (1.1
eq, 0.063 mol) 9H-carbazole were dissolved in 400 ml of
toluene. 0.97 g (0.02 eq, 0.00114 mmol) of Pd2(dba)3, 8.4 g
(1.2 eq, 0.068 mol) of Na(t-bu)O, 0.13 g (0.08 ea, 0.0045
mmol) of P(t-Bu)3 were added to the solution, and then
heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 18.36 g of Intermediate
F with a yield of about 66.7%.

GC-Mass (calc.; 477.97 g/mol. found; 476 g/mol).
Intermediate Synthesis 2

Intermediates H to . were synthesized according to Reac-
tion Scheme 2 below:
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<Step 3> Synthesis of Intermediate H

10 g (1 eq, 0.054 mol) of 10H-phenoxazine and 10.95 g
(1.1 eq, 0.059 mol) of 2,4.6-trichloro-1,3,5-triazine were dis-
solved in 600 ml of toluene. 0.95 g (0.02 eq, 0.001 mmol) of
Pd2(dba)3, 8.31 g (1.2 eq, 0.06 mol) of Na(t-bu)O, 0.12 g
(0.08 ea, 0.004 mmol) of P(t-Bu)3 were added to the solution,
and then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 9.96 g of Intermediate
H with a yield of about 55.7%.

GC-Mass (calc.; 341.16 g/mol. found; 340 g/mol).
<Step 3-1> Synthesis of Intermediate I

10 g (1 eq, 0.0293 mol) of Intermediate H, and 5.38 g (1.1
eq, 0.0322 mol) 9H-carbazole were dissolved in 400 ml of
toluene. 0.56 g (0.02 eq, 0.0005 mmol) of Pd2(dba)3, 6.5 g
(1.2 eq, 0.035 mol) of Na(t-bu)O, 0.47 g (0.08 ea, 0.0028
mmol) of P(t-Bu)3 were added to the solution, and then
heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 8.39 g of Intermediate I
with a yield of about 62%.

GC-Mass (calc.; 461.90 g/mol. found; 460 g/mol).
<Step 3-1> Synthesis of Intermediate J

10 g (1 eq, 0.0293 mol) of Intermediate H and 6.99 g (1.1
eq, 0.0322 mol) of 7H-benzo|[c]carbazole were dissolved in
500 ml of toluene. 0.56 g (0.02 eq, 0.0005 mmol) of Pd2(dba)
3, 6.5 g (1.2 eq, 0.035 mol) of Na(t-bu)O, 0.47 g (0.08 ea,
0.0028 mmol) of P(t-Bu)3 were added to the solution, and
then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 7.8 g of Intermediate J
with a yield of about 52%.

GC-Mass (calc.; 511.96 g/mol. found; 510 g/mol).
<Step 3-3> Synthesis of Intermediate K

10 g (1 eq, 0.0293 mol) of Intermediate H, and 10.28 g (1.1
eq, 0.0322 mol) 3,6-diphenyl-9H-carbazole were dissolved in
500 ml of toluene. 0.56 g (0.02 eq, 0.0005 mmol) of Pd2(dba)
3, 6.5 g (1.2 eq, 0.035 mol) of Na(t-bu)O, 0.47 g (0.08 ea,
0.0028 mmol) of P(t-Bu)3 were added to the solution, and
then heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 9.12 g of Intermediate
K with a yield of about 50.7%.

GC-Mass (calc.; 614.09 g/mol. found; 613 g/mol).
<Step 4> Synthesis of Intermediate G

10g (1 eq, 0.054 mol) of 10H-phenoxazine, and 10.8 g (1.1
eq, 0.059 mol) 2,4,6-trichloropyrimidine were dissolved in
400 ml of toluene. 0.95 g (0.02 eq, 0.001 mmol) of Pd2(dba)3,
8.31 g (1.2 eq, 0.06 mol) of Na(t-bu)(, 0.12 g (0.08 ea, 0.004
mmol) of P(t-Bu)3 were added to the solution, and then
heated while stirring for about 12 hours.

The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 9.7 g of Intermediate G
with a yield of about 61.9%.

GC-Mass (calc.; 330.17 g/mol. found; 329 g/mol).
<Step 4-1> Synthesis of Intermediate [

10 g (1 eq, 0.03 mol) of Intermediate G, and 5.38 g (1.1 eq,
0.0322 mol) 9H-carbazole were dissolved in 500 m1 of tolu-
ene. 0.56 g (0.02 eq, 0.0005 mmol) of Pd2(dba)3, 6.5 g (1.2
eq, 0.035 mol) of Na(t-bu)O, 0.47 g (0.08 ea, 0.0028 mmol) of
P(t-Bu)3 were added to the solution, and then heated while
stirring for about 12 hours.
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The reaction solution from the completed reaction was
filtered through Celite, and the filtered product was separated
by column chromatography to obtain 13.82 g of Intermediate
L with a yield of about 66.4%.

GC-Mass (calc.; 460.91 g/mol. found; 459 g/mol).
Synthesis of Compound 1

10 g (1 eq, 0.03 mol) of Intermediate I, and 5.38 g (1.1 eq,
0.0322 mol) of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrimidine were dissolved in 500 ml of toluene in a flask.
1.52 g(0.02 eq, 0.0013 mol) of Pd(PPh3)4 was added into the
flask. 400 ml of toluene and 70 ml of a 2M K, CO; saturated
solution were added into the flask, and stirred under reflux for
about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 14.2 g of Compound 1 with a yield of about 84.5%.

IHNMR: 7.22 (d, 1H), 7.78 (m, 3H), 8.12 (m, 3H), 9.07 (s,
1H).

Elemental Analysis; C, 73.83; H, 3.87; N, 16.14; S, 6.16
Synthesis of Compound 5

10 g (1 eq, 0.03 mol) of Intermediate F, and 7.1 g (1.1 eq,
0.0322 mol) 0f3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)isoquinoline were dissolved in 600 m! of toluene in a flask.
1.52 2(0.02 eq, 0.0013 mol) of PA(PPh3)4 was added into the
flask. 200 ml of toluene and 70 ml of a 2M K, CO; saturated
solution were added into the flask, and stirred under reflux for
about 5 hours.

After termination of'the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 13.9 g of Compound 5 with a yield of about 81.5%.

1H NMR: 8.97 (d, 2H), 8.55 (m, 3H), 7.92 (m, 7H), 7.78
(m, 12H)

Elemental Analysis; C, 75.77; H, 3.89; N, 14.73; S, 5.62
Synthesis of Compound 8

10 g (1 eq, 0.04 mol) of Intermediate B, and 7.5 g (1.1 eq,
0.044 mol) of naphthalen-2-ylboronic acid were dissolved in
200 ml of toluene in a flask. 0.92 g (0.02 eq, 0.0008 mol) of
Pd(PPh3)4 was added into the flask. 400 ml of toluene and 50
ml of a 2M K,CO; saturated solution were added into the
flask, and stirred under reflux for about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 17.5 g of Compound 8 with a yield of about 77.4%.

GC-Mass (calc.; 568.17 g/mol. found; 567 g/mol).

Elemental Analysis; C, 80.26; H, 4.25; N, 9.85; S, 5.64
Synthesis of Compound 11

10 g (1 eq, 0.03 mol) of Intermediate D, and 5.38 g (1.1 eq,
0.0322 mol) of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine were dissolved in 500 ml of toluene in a flask.
1.52 g(0.02 eq, 0.0013 mol) of PA(PPh3)4 was added into the
flask. 400 ml of toluene and 70 ml of a 2M K,CO; saturated
solution were added into the flask, and stirred under reflux for
about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 14.2 g of Compound 11 with a yield of about 84.5%.

IHNMR: 7.22 (d, 1H), 7.78 (m, 3H), 8.12 (m, 3H), 9.07 (s,
1H).
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Synthesis of Compound 15

10 g (1 eq, 0.03 mol) of Intermediate F, and 7.1 g (1.1 eq,
0.0322 mol) of naphthalen-1-ylboronic acid were dissolved
in 600 ml of toluene in a flask. 1.52 g (0.02 eq, 0.0013 mol) of
Pd(PPh3)4 was added into the flask. 200 m! of toluene and 70
ml of a 2M K,CO; saturated solution were added into the
flask, and stirred under reflux for about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 14.2 g of Compound 15 with a yield of about 84.5%.

IHNMR; 6.99 (t, 2H), 7.22 (m, 9H), 7.78 (m, 4H), 8.12 (m,
5H), 9.07 (t, 2H).

Elemental Analysis; C, 78.01; H, 4.07; N, 12.29; S, 5.63
Synthesis of Compound 21

10 g (1 eq, 0.03 mol) of Intermediate L, and 5.1 g (1.1 eq,
0.0322 mol) of isoquinolin-3-ylboronic acid were dissolved
in 500 ml of toluene in a flask. 1.52 g (0.02 eq, 0.0013 mol) of
Pd(PPh3)4 was added into the flask. 400 m! of toluene and 70
ml of a 2M K,COj saturated solution were added into the
flask, and stirred under reflux for about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 12.7 g of Compound 21 with a yield of about 79%.

IHNMR: 6.78 (t, 2H), 7.22 (m, 6H), 7.42 (m, 6H), 7.78 (1,
5H), 8.12 (d, 1H), 9.07 (s, 1H).

Elemental Analysis; C, 80.27; H, 4.19; N, 12.65; O, 2.89
Synthesis of Compound 26

10 g (1 eq, 0.03 mol) of Intermediate I, and 4.7 g (1.1 eq,
0.0322 mol) of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine were dissolved in 500 ml of toluene in a flask.
1.52 g(0.02 eq, 0.0013 mol) of PA(PPh3)4 was added into the
flask. 400 ml of toluene and 70 ml of a 2M K,CO, saturated
solution were added into the flask, and stirred under reflux for
about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 14.2 g of Compound 26 with a yield of about 84.5%.

ITHNMR: 6.99 (t, 2H), 7.22 (m, 6H), 7.52 (m, SH), 7.78 (m,
4H), 8.12 (m, 1H), 9.07 (t, 2H).

Elemental Analysis; C, 76.18; H, 4.00; N, 16.66; O,3.17
Synthesis of Compound 27

10 g (1 eq, 0.03 mol) of Intermediate I, and 4.7 g (1.1 eq,
0.0322 mol) of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine were dissolved in 500 ml of toluene in a flask.
1.52 g(0.02 eq, 0.0013 mol) of PA(PPh3)4 was added into the
flask. 400 ml of toluene and 70 ml of a 2M K,CO, saturated
solution were added into the flask, and stirred under reflux for
about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 13.6 g of Compound 26 with a yield of about 81.5%.

ITHNMR: 6.99 (t, 2H), 7.22 (m, 6H), 7.52 (m, 5H), 7.78 (m,
4H), 8.12 (m, 1H), 9.07 (t, 2H).

Elemental Analysis; C, 80.47; H, 4.30; N, 12.80; O, 2.44
Synthesis of Compound 28

10 g (1 eq, 0.03 mol) of Intermediate J, and 5.38 g (1.1 eq,
0.0322 mol) of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine were dissolved in 500 ml of toluene in a flask.
1.52 g(0.02 eq, 0.0013 mol) of PA(PPh3)4 was added into the
flask. 400 m1 of toluene and 70 m1 of a 2M K,CO, saturated
solution were added into the flask, and stirred under reflux for
about 5 hours.
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After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 22.7 g of Compound 28 with a yield of about 87.1%.

IHNMR: 6.89 (t, 2H), 7.2 (m, SH), 7.49 (m, 7H), 7.9 (m,
3H), 8.22 (m, 2H)

Elemental Analysis; C, 77.96; H, 4.00; N, 15.15; O, 2.88
Synthesis of Compound 30

10 g (1 eq, 0.03 mol) of Intermediate C, and 2.7 g (1.1 eq,
0.0322 mol) of phenyl boronic acid were dissolved in 400 ml
oftoluene in a flask. 1.34 g (0.02 eq, 0.001 mol) of Pd(PPh3 )4
was added into the flask. 250 ml of toluene and 50 ml of a 2M
K,CO; saturated solution were added into the flask, and
stirred under reflux for about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 17.7 g of Compound 30 with a yield of about 91%.

IHNMR: 6.97 (m, 2H), 7.22 (m, 24H), 7.78 (d, 1H), 8.12
(m, 4H), 9.07 (s, 1H).

Elemental Analysis; C, 73.83; H, 3.87; N, 16.14; S, 6.16
Synthesis of Compound 32

10 g (1 eq, 0.03 mol) of Intermediate L, and 5.8 g (1.1 eq,
0.033 mol) of phenanthren-9-ylboronic acid were dissolved
in 500 ml of toluene in a flask. 1.52 g (0.02 eq, 0.0013 mol) of
Pd(PPh3)4 was added into the flask. 500 ml of toluene and 70
ml of a 2M K,CO; saturated solution were added into the
flask, and stirred under reflux for about 5 hours.

After termination of'the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 14.2 g of Compound 32 with a yield of about 84.5%.

IHNMR: 7.10 (m, 10H), 7.78 (d, 1H), 8.10 (m, 8H), 8.47,
(d, 1H), 8.55 (d, 1H), 8.98 (d, 2H), 9.07 (s, 1H).

Elemental Analysis; C, 77.40; H, 3.90; N, 13.54; S, 5.17
Synthesis of Compound 34

10 g (1 eq, 0.03 mol) of Intermediate L, and 6.2 g (1.1 eq,
0.0322 mol) of pyren-4-ylboronic acid were dissolved in 600
ml of toluene in a flask. 1.52 g (0.02 eq, 0.0013 mol) of
Pd(PPh3)4 was added into the flask. 600 ml of toluene and 90
ml of a 2M K,CO; saturated solution were added into the
flask, and stirred under reflux for about 5 hours.

After termination of the reaction, the reaction product was
washed and extracted with 400 ml of MC and 150 ml of
deionized water. After removing the solvent, the resulting
solid product was refined by column chromatography to
obtain 12.9 g of Compound 34 with a yield of about 81.4%.

IHNMR: 7.10 (m, 2H), 7.62 (m, 8H), 7.88 (d, 1H), 7.99
(m,6H),8.12(d, 1H), 8.47, (d, 1H),8.55(d, 1H), 9.07 (s, 1H).

Elemental Analysis; C, 78.24; H, 3.75; N, 13.03; §, 4.97

Example 1

To manufacture an anode, a corning 15 ©/em? (500 A)ITO
glass substrate was cut to a size of 50 mmx50 mmx0.5 mm
and then sonicated in isopropyl alcohol and pure water each
for 10 minutes, and then cleaned by irradiation with ultravio-
let rays for 10 minutes and exposure to ozone. The resulting
glass substrate was loaded into a vacuum deposition device.

Then, 2-TNATA, which is a HIL material, was vacuum-
deposited on the glass substrate to form a HIL having a
thickness of about 600 A. Then, 4,4'-bis|N-(1-naphthyl)-N-
phenylamino|biphenyl (NPB), which is a hole transporting
compound, was vacuum-deposited on the HIL to forma HTL
having a thickness of about 300 A.
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Then, a green fluorescent host Ir(PPy)3 and Compound 1
were deposited at the same time in a weight ratio of 13:87 on
the HTL, to form an EML with a thickness of 300 A. Next,
Alq; was deposited on the EML to form an ETL having a
thickness of about 300 A, and Al was deposited to a thickness
of 1200 A to form an Al electrode (cathode), thereby com-
pleting the manufacture of an organic light-emitting device.

The organic light-emitting device had a driving voltage of
3.6V ata current density of 5.4 mA/cm?, a high luminosity of
3500 cd/m?, color coordinates of (0.32, 0.62), and a lumines-
cent efficiency of 68.5 cd/A.

NPB

Example 2

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 5
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
4.2V at a current density of 5.9 mA/cm?, a high luminosity of
3500 cd/m?, color coordinates of (0.32, 0.63), and a lumines-
cent efficiency of 58.9 cd/A.

Example 3

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 8
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
4.0V at a current density of 5.9 mA/em?, a high luminosity of
3500 ¢d/m?, color coordinates of (0.33, 0.63), and a lumines-
cent efficiency of 60.7 cd/A.
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Example 4

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 11
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
3.6V at a current density of 5.9 mA/cm?, a high luminosity of
3500 c¢d/m”, color coordinates of (0.34, 0. 61), and a lumines-
cent efﬁ01ency of 69.3 cd/A.

Example 5

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 15
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
3.6V at a current density of 5.4 mA/cm®, a high luminosity of
3500 cd/m?, color coordinates of (0.33, 0. 62), and a lumines-
cent efﬁ01ency of 64.7 cd/A.

Example 6

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 21
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
4.2V at a current density of 5.9 mA/cm®, a high luminosity of
3500 cd/m?, color coordinates of (0.31, 0. 60), and a lumines-
cent efﬁ01ency of 64.6 cd/A.

Example 7

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 26
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
3.9V at a current density of 5.5 mA/cm?, a high luminosity of
3500 c¢d/m”, color coordinates of (0.32, 0. 60), and a lumines-
cent efﬁ01ency of 70.4 cd/A.

Example §

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 27
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
3.6V at a current density of 5.4 mA/cm®, a high luminosity of
3500 cd/m?, color coordinates of (0.32, 0. 62), and a lumines-
cent efﬁ01ency of 66.5 cd/A.

Example 9

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 28
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
4.1V at a current density of 5.2 mA/cm?, a high luminosity of
3500 cd/m?, color coordinates of (0.31, 0. 61), and a lumines-
cent efﬁciency of 67.4 cd/A.

Example 10

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 30
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
4.7V at a current density of 5.8 mA/cm®, a high luminosity of
3500 cd/m?, color coordinates of (0.30, 0.62), and a lumines-
cent efficiency of 55.7 cd/A.

Example 11
An organic light-emitting device was manufactured in the

same manner as in Example 1, except that Compound 32
instead of Compound 1 was used to form the EML.
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The organic light-emitting device had a driving voltage of
3.9V ata current density of 5.2 mA/em?, a high luminosity of
3500 cd/m?, color coordinates of (0.31, 0.65), and a lumines-
cent efficiency of 62.1 cd/A.

Example 12

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound 34
instead of Compound 1 was used to form the EML.

The organic light-emitting device had a driving voltage of
432V at a current density of 5.7 mA/cm?, a high luminosity
0f 3500 cd/m?, color coordinates of (0.31, 0.64), and a lumi-
nescent efficiency of 69.8 cd/A.

Comparative Example 1

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that CBP as a common
material, instead of Compound 1, was used to form the EML.

The organic light-emitting device had a driving voltage of
5.1V ata current density of 6.2 mA/cm?, a high luminosity of
3500 c¢d/m®, color coordinates of (0.32, 0.62), which are
almost the same as those of Examples 1-12, and a luminescent
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The organic light-emitting devices including an ETL or
EML manufactured using Compounds 1 to 34 as a phospho-
rescent host in Examples 1 to 12 had driving voltages lower
by 20% or greater than the devices manufactured using CBP,
and thus had higher efficiency and good I-V-L characteristics.
In particular, the lifetime characteristics were markedly
improved by 70% or greater in the organic light-emitting
devices of Examples 1 to 11, as compared to the organic
light-emitting device of Comparative Example 1.

The novel compounds of Formula 1 described above may
be used as green phosphorescent hosts with high lumines-
cence characteristics. Therefore, organic light-emitting
devices having high efficiency, low driving voltages, high
luminance, and long lifetimes may be manufactured using the
compounds.

The compound of Formula 1, having a heterocyclic group
in the molecule, has a high glass transition temperature (Tg)
or a high melting point due to the inclusion of the heterocyclic

efficiency of 51.2 cd/A. 25 group. Thus, the heterocyclic compound has high heat resis-
tance against Joule’s heat generated in organic layers, or
between an organic layer and a metal electrode when light
emission occurs, and has good durability in high-temperature
30 environments. An organic light-emitting device manufac-
N N tured using the compound of Formula 1 described above may
have good durability when stored or operated.
35 While the present invention has been illustrated and
CRP described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
The characteristics and lifetimes of the organic light-emit- Va.rlous change.s may be made t.o .the described embodiments
ting devices of Examples 1-12 and Comparative Example 1 ~ Without departing from the spirit and scope of the present
are shown in Table 1 below. invention as defined by the following claims.
TABLE 1
Half-
Green Driving  Current Luminescent Life
EMI Voltage  density ~ Luminosity  Efficiency Color span
(host) (V) (mAjem?) (cd/m?) (cd/A) coordinates  (hr)
Ex.1  Comp.l 3.6 54 3500 68.5 (0.32,0.62) 340
Ex.2  Comp.5 4.2 59 3500 58.9 (0.32,0.63) 299
Ex.3  Comp.$ 4.0 59 3500 60.7 (0.33,0.63) 357
Ex.4  Comp. 3.6 59 3500 69.3 (0.34,0.61) 397
11
Ex.5  Comp. 3.6 54 3500 64.7 (0.33,0.62) 385
15
Ex.6  Comp. 39 55 3500 70.4 (0.32,0.60) 326
21
Ex.7  Comp. 3.6 54 3500 66.5 (032,0.62) 339
26
Ex.8  Comp.27 4.2 59 3500 64.6 (0.31,0.60) 291
Ex.9  Comp. 41 52 3500 67.4 (031,0.61) 228
28
Ex.10  Comp. 47 5.8 3500 55.7 (0.30,0.62) 318
30
Ex.11  Comp. 39 52 3500 62.1 (0.31,0.65) 281
32
Ex. 12 Comp. 4.32 57 3500 69.8 0.31,0.64) 322
34
Comp. CBP 5.1 51 3500 51.2 (0.32,0.62) 174

Ex. 1




US 8,920,946 B2
79

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

Formulal 35

R

p— w
&

R4 R R;
R R * Rg
Ry Rs
10
R, R; 0 Rg
R2 N R7'
15
Rl * Rg
3. The compound of claim 1, wherein, in Formula 1,
20
Ryp | Ry
wherein: N
A, 1o A, are each independently N or C(R,,); ==
L Rg Rjy
XisN; 25
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Ar is a substituted or unsubstituted C¢-Cy aryl group or a Ris R Ri3

substituted or unsubstituted C;-C,, heteroaryl group;

R, toR,5,R,,, and R, are each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted
C3-C60 cycloalkyl group, a substituted or unsubstituted
C6-C60 aryl group, or a substituted or unsubstituted
C3-C60 heteroaryl group, and R, and R,; optionally
combine to form a ring; and

o5}
<

40
Al \Az

AN

is a moiety represented by one of the following formulae, 45
wherein * indicates a binding site:
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2. The compound of claim 1, wherein, in Formula 1, 55
Ry Rs
R Y.
3 R¢ 60
Ry X Ry
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is a moiety represented by one of the following formulae,

wherein * indicates a binding site:

wherein, R, to R;; are each independently a hydrogen
atom, a deuterium atom, a substituted or unsubstituted
C1-C60 alkyl group, a substituted or unsubstituted
C3-C60 cycloalkyl group, a substituted or unsubstituted
C6-C60 aryl group, or a substituted or unsubstituted
C3-C60heteroaryl group; and * indicates a binding site.



US 8,920,946 B2

81

4. The compound of claim 1, wherein, in Formula 1, Ar is
a compound represented by one of the following formulae,
wherein * indicates a binding site:
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5. The compound of claim 1, wherein, in Formula 1, R, to
R, are each independently a hydrogen atom or a deuterium
atom; and

Ry to R;5, and R,; are each independently a hydrogen
atom, a deuterium atom or a substituted or unsubstituted 30
C6-C60 aryl group.

6. The compound of claim 1, wherein the compound of

Formula 1 is one of Compounds 1 through 34:
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7. Anorganic light-emitting device comprising: a first elec-
trode; a second electrode; and an organic layer between the
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first electrode and the second electrode, wherein the organic
layer comprises the compound according to claim 1.

8. The organic light-emitting device of claim 7, wherein the
organic layer comprises an emission layer.

9. The organic light-emitting device of claim 7, wherein the
organic layer comprises an emission layer, and the compound
represented by Formula 1 is a host in a fluorescent or phos-
phorescent device.

10. The organic light-emitting device of claim 7, wherein
the organic light-emitting device comprises an electron injec-
tion layer, an electron transport layer, an emission layer, a
hole injection layer, a hole transport layer, or a functional
layer having both hole injection and transport capabilities;
and the emission layer comprises the compound represented
by Formula 1 and an anthracene-based compound.

11. The organic light-emitting device of claim 7, wherein
the organic light-emitting device comprises an electron injec-
tion layer, an electron transport layer, an emission layer, a
hole injection layer, a hole transport layer, or a functional
layer having both hole injection and transport capabilities;
and the emission layer comprises the compound represented
by Formula 1 and an arylamine-based compound.

12. The organic light-emitting device of claim 7, wherein
the organic light-emitting device comprises an electron injec-
tion layer, an electron transport layer, an emission layer, a
hole injection layer, a hole transport layer, or a functional
layer having both hole injection and transport capabilities;
and the emission layer comprises the compound represented
by Formula 1 and a styryl-based compound.

13. The organic light-emitting device of claim 7, wherein
the organic light-emitting device comprises an electron injec-
tion layer, an electron transport layer, an emission layer, a
hole injection layer, a hole transport layer, or a functional
layer having both hole injection and transport capabilities;
and atleast one of ared emission layer, a green emission layer,
a blue emission layer, and a white emission layer of the
emission layer comprises a phosphorescent compound.

14. The organic light-emitting device of claim 13, wherein
atleast one of the hole injection layer, the hole transport layer,
and the functional layer having both hole injection and hole
transport capabilities further comprises a charge-generating
material.

15. The organic light-emitting device of claim 14, wherein
the charge-generating material is a p-dopant, and the
p-dopant is a quinone derivative, a metal oxide or a cyano
group-containing compound.

16. The organic light-emitting device of claim 7, wherein
the organic layer further comprises an electron transport
layer, and the electron transport layer comprises an electron
transporting organic compound and a metal complex.

17. The organic light-emitting device of claim 16, wherein
the metal complex is a Li complex.

18. The organic light-emitting device of claim 7, wherein
the organic layer is formed from the compound represented
by Formula 1 using a wet process.

19. A flat panel display device comprising the organic
light-emitting device of claim 7, wherein the first electrode of
the organic light-emitting device is electrically connected to a
source electrode or a drain electrode of a thin-film transistor.
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