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(7) ABSTRACT

A triazine-based compound having three biphenyl groups,
represented by Structure 1, below, wherein R, through R,
are each independently one of: hydrogen, a substituted C,
alkyl group, an unsubstituted C, 5, alkyl group, a substituted
Ce.50 aryl group, an unsubstituted C_5, aryl group, a sub-
stituted C, 5, heteroaryl group, and an unsubstituted C, 5,
heteroaryl group, and at least one of R, R,, R, Rg, Ry5 and
R,, is one of: a substituted C, 5, alkyl group, an unsubsti-
tuted C, 5, alkyl group, a substituted C, 5, aryl group, an
unsubstituted C,_s, aryl group, a substituted C, s, heteroaryl
group, and an unsubstituted C,_, heteroaryl group.
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FIG. 1A
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FIG. 1B
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SECOND ELECTRODE
ELECTRON INJECTION LAYER
ELECTRON TRANSPORT LAYER
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HOLE INJECTION LAYER
FIRST ELECTRODE
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FIG. 9
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FIG. 7
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FIG. 10
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FIG. 12
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FIG. 14
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TRIAZINE-BASED COMPOUND, METHOD OF
MAKING THE SAME, AND AN ORGANIC
LIGHT-EMITTING DEVICE INCLUDING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a triazine-based
compound and an organic light-emitting device employing
the same. More particularly, the present invention relates to
a triazine-based compound which may exhibit electric sta-
bility, high electron transport capability, high hole-blocking
capability, high glass transition temperature and/or resis-
tance to crystallization, a method of making the same and an
organic light-emitting device including the same.

[0003] 2. Description of the Related Art

[0004] Electroluminescent emitting devices are self-emit-
ting devices that may have wide viewing angles, excellent
contrast and quick response times and, accordingly, have
attracted much attention. Electroluminescent emitting
devices can be classified into inorganic light-emitting
devices, which include emitting layers of inorganic com-
pounds, and organic light-emitting devices (OLEDs), which
include emitting layers of organic compounds. Organic
light-emitting devices may be brighter and may have a lower
operating voltage and a quicker response time compared to
norganic light-emitting devices. Furthermore, organic light-
emitting devices may realize multicolor images. Due to
these and other advantages of organic light-emitting devices,
extensive research into organic light-emitting devices is
ongoing.

[0005] Typically, an organic light-emitting device has an
anode/organic emissive layer/cathode structure. An organic
light-emitting device may include a hole-blocking layer or
an electron injection layer between the organic emissive
layer and the cathode. Thus, the organic light-emitting
device may have an anode/organic emissive layer/hole-
blocking layer/cathode structure, an anode/organic emissive
layer/electron transport layer/cathode structure, and/or an
anode/organic emissive layer/hole-blocking layer/electron
injection layer/cathode structure, etc.

[0006] The electron transport layer may be formed of, e.g.,
a heteroaromatic compound such as an oxadiazol, a thiadia-
zol or a pyrimidine. However, when conventional materials
are used to form the electron transport layer or the hole-
blocking layer of an organic light-emitting device, the
lifespan, efficiency and driving voltage of the organic light-
emitting device may not be satisfactory. Accordingly, there

is a need for compounds in which these properties are
enhanced.

SUMMARY OF THE INVENTION

[0007] The present invention is therefore directed to a
triazine-based compound, a method of making the same and
an organic light-emitting device including the same, which
substantially overcome one or more of the problems due to
the limitations and disadvantages of the related art.

[0008] Tt is therefore a feature of an embodiment of the
present invention to provide a triazine-based compound
suitable for use in an organic light-emitting device that
exhibits enhanced lifespan and efficiency and reduced power
consumption.
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[0009] It is therefore another feature of an embodiment of
the present invention to provide an organic light-emitting
device including a triazine-based compound that exhibits
enhanced lifespan and efficiency and reduced power con-
sumption.

[0010] At least one of the above and other features and
advantages of the present invention may be realized by
providing a triazine-based compound having three biphenyl
groups, represented by Structure 1, below,

M

RS R,
Ry R3
R% Rs

Ry

Ry
Ry
R
Rs

wherein R, through R, ; may each be independently one of
hydrogen, a substituted C, _,,, alkyl group, an unsubstituted
C, 30 alkyl group, a substituted C_5, aryl group, an unsub-
stituted C, 5, aryl group, a substituted C, s, heteroaryl
group, and an unsubstituted C,_;, heteroaryl group, and at
least one of R, R,, R, Ry, R} ; and R, may be one of a
substituted C, ,, alkyl group, an unsubstituted C, ;, alkyl
group, a substituted C, 5, aryl group, an unsubstituted Cg 5,
aryl group, a substituted C, 5, heteroaryl group, and an
unsubstituted C,_s, heteroaryl group.

[0011] Substituents of the alkyl group, the aryl group and
the heteroaryl group may include at least one of —F; —Cl;
—Br; —CN; —NO,; —OH; a C,_,, alkyl group that is
unsubstituted; a C, _, alkyl group that is substituted with at
least one of —F, —Cl, —Br, —CN, —NO, and —OH; a
C_,alkoxy group that is unsubstituted; a C, ,, alkoxy group
that is substituted with at least one of —F, —Cl, —Br,
—CN, —NO, and —OH; a Cq_,, aryl group that is unsub-
stituted; a Cg_,, aryl group that is substituted with at least
one of —F, —CI, —Br, —CN, —NO, and —OH; a C, |,
heteroaryl group that is unsubstituted; and a C,_; , heteroaryl
group that is substituted with at least one of —F, —Cl, —Br,
—CN, —NO, and —OH.

[0012] R,, R, and R, may be identical, R,, Ry and R,
may be identical, R;, Ry and R, 5 may be identical, R,, R,
and R, ; may be identical, R, R;; and R, may be identical,
and Ry, R,, and R, may be identical.

[0013] One of R, and R, may be a methyl group and the
other may be hydrogen, one of R, and Ry may be a methyl
group and the other may be hydrogen, and one of R,; and
R may be a methyl group and the other may be hydrogen.
R3. Ry R, R, Ro, Ry, Ry, Rio Ry, Ry, Rygy and Ry g may
each be hydrogen.
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[0014] One of R, and R, may be a pheny! group and the

other may be hydrogen, one of R, and R; may be a pheny!

group and the other may be hydrogen, and one of R, ; and

R, may be a phenyl group and the other may be hydrogen. RS Ry
R3 Ry R, Re. Ro, Ryo, Ry, Ryo Rys Ryg Ry and Ry g may

each be hydrogen. O

[0015] The substitutions of R, through R, may be repre-

sented by one of structures 4 and 5, below,
I
4) %\\ )j’ >
N

[0017] R,andR, are each independently one of hydrogen,
a substituted C, 5, alkyl group, an unsubstituted C,_5, alkyl
group, a substituted C, s, aryl group, an unsubstituted C 5,
aryl group, a substituted C, 5, heteroaryl group, and an
unsubstituted C,_s, heteroaryl group, and at least one of R,
and R, is a substituted C, 5, alkyl group, an unsubstituted
C., alkyl group, a substituted Ce.50 aryl group, an unsub-
stituted Cy5, aryl group, a substituted C, 5, heteroaryl
group, and an unsubstituted C,_, heteroaryl group.

N

- [0018] Reacting the triazine ring-containing compound

N with the first biphenyl compound may result in three iden-
tical biphenyl groups bonded to carbons of the triazine ring.

The first biphenyl compound may be prepared by reacting a

first benzene ring-containing compound with a second ben-

zene ring-containing compound, and the first benzene ring-

containing compound may include a reactive moiety

attached to a first carbon of the benzene ring, and a second
moiety attached to the benzene ring ortho to the reactive

5) moiety, wherein the second moiety corresponds to one of R,
and R, and is not hydrogen. The triazine ring-containing
compound may be a trihalotriazine.

[0019] At least one of the above and other features and
advantages of the present invention may further be realized
by providing an organic light-emitting device including a
first electrode, a second electrode, and at least one organic
layer interposed between the first and second electrodes,
wherein the at least one organic layer includes a triazine-
based compound having three biphenyl groups, represented
by structure 1, below,

N \N
F
N
RS R
Ry Rj

RS Rs

M

[0016] At least one of the above and other features and
advantages of the present invention may also be realized by
providing a method of making a triazine-based compound
having three biphenyl groups including reacting a triazine
ring-containing compound with a first biphenyl compound
such that the biphenyl compound is bonded to a carbon of R0
the triazine ring, wherein the first biphenyl compound Rg
includes moieties R, and R,

Ry
R7
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wherein R, through R, are each independently one of
hydrogen, a substituted C,_;, alkyl group, an unsubstituted
C,_50 alkyl group, a substituted C_ 5, aryl group, an unsub-
stituted Cg 5, aryl group, a substituted C, 5, heteroaryl
group, and an unsubstituted C, 5, heteroaryl group, and at
least one of R;. R,, R,, Ry, R;; and R, is one of a
substituted C, s, alkyl group, an unsubstituted C, 5, alkyl
group, a substituted Cg 5, aryl group, an unsubstituted Cg 5,
aryl group, a substituted C, 5, heteroaryl group, and an
unsubstituted C, s, heteroaryl group.

[0020] The at least one organic layer may form one of an
emissive layer, a hole-blocking layer and an electron trans-
port layer. The at least one organic layer may form an
emissive layer, and the emissive layer may include a colored
dopant. The colored dopant may be one of a red phospho-
rescent dopant, a green phosphorescent dopant, a blue
phosphorescent dopant, a white phosphorescent dopant, a
red fluorescent dopant, a green fluorescent dopant, a blue
fluorescent dopant, and a white fluorescent dopant.

[0021] The at least one organic layer may form an emis-
sive layer, and the device may further include a second
organic layer that forms at least one of a hole-blocking layer
and an electron transport layer, the second organic layer
including the triazine-based compound having three biphe-
nyl groups. The organic light-emitting device structure may
be one of a first electrode/hole transport layer/emissive
layer/electron transport layer/second electrode structure, a
first electrode/hole injection layer/hole transport layer/emis-
sive layer/electron transport layer/electron injection layer/
second electrode structure, and a first electrode/hole injec-
tion layer/hole transport layer/emissive layer/hole-blocking
layer/electron transport layer/electron injection layer/second
electrode structure.

[0022] At least one of the above and other features and
advantages of the present invention may still further be
realized by providing a triazine-based compound having
three biphenyl groups, represented by structure 1 below

@

R Ry
Ry R3
R% Rs

Ry

Ry
R
Ryo
Rg

wherein R3, Ry, Rs, Rg, R, Ryg, Ry, Ryo, Rys, Ry, Ry 7, and
R, are, independently, one of hydrogen, an alkyl moiety of
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about 30 carbons or less, an aryl moiety of about 30 carbons
or less, and a heteroaryl moiety of about 50 carbons or less,
and at least one of Ry, R,, R;, Ry, R} 5 and R, is a moiety
effective to rotate the C,-C,' bond of the biphenyl group to
which it is attached, so as to disturb the conjugation between
the rings of the biphenyl group.

[0023] The alkyl moiety of about 30 carbons or less may
be one of a substituted C, ;, alkyl group and an unsubsti-
tuted C, _, alkyl group, the aryl moiety of about 30 carbons
or less may be one of a substituted C 5, aryl group and an
unsubstituted C,_,,, aryl group, and the heteroaryl moiety of
about 50 carbons or less may be one of a substituted C, 5,
heteroaryl group and an unsubstituted C, 5, heteroaryl
group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail exemplary
embodiments thereof with reference to the attached draw-
ings in which:

[0025] FIGS. 1A through 1C illustrate schematic sectional
views of organic light-emitting devices according to
embodiments of the present invention;

[0026] FIG. 2 illustrates a photoluminescence spectrum of
exemplary Compound 2 according to an embodiment of the
present invention;

[0027] FIG. 3 illustrates results of a thermo gravimetric
analysis of exemplary Compound 2 according to an embodi-
ment of the present invention;

[0028] FIG. 4 illustrates results of a differential scanning
calorimetry analysis of exemplary Compound 2 according to
an embodiment of the present invention,

[0029] FIG. 5illustrates a photoluminescence spectrum of
exemplary Compound 3 according to an embodiment of the
present invention,

[0030] FIG. 6 illustrates a photoluminescence spectrum of
exemplary Compound 4 according to an embodiment of the
present invention,

[0031] FIG. 7 illustrates a photoluminescence spectrum of
exemplary Compound 5 according to an embodiment of the
present invention,

[0032] FIG. 8 illustrates results of a thermo gravimetric
analysis of exemplary Compound 5 according to an embodi-
ment of the present invention;

[0033] FIG. 9 illustrates results of a differential scanning
calorimetric analysis of exemplary Compound 5 according
to an embodiment of the present invention;

[0034] FIG. 10 illustrates a graph of current density as a
function of applied voltage for organic light-emitting device
Examples 1 and 2 according to embodiments of the present
invention, and for Comparative Example A;

[0035] FIG. 11 illustrates a graph of luminance as a
function of applied voltage for organic light-emitting device
Examples 1 and 2 according to embodiments of the present
invention, and for Comparative Example A;
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[0036] FIG. 12 illustrates a graph of efficiency as a func-
tion of luminance for organic light-emitting device
Examples 1 and 2 according to embodiments of the present
invention, and for Comparative Example A;

[0037] FIG. 13 illustrates a graph of power efficiency as a
function of luminance for of organic light-emitting device
Examples 1 and 2 according to embodiments of the present
invention, and for Comparative Example A;

[0038] FIG. 14 illustrates a graph of current density as a
function of applied voltage for organic light-emitting device
Example 4 according to an embodiment of the present
invention, and for Comparative Fxample B;

[0039] FIG. 15 illustrates a graph of luminance as a
function of applied voltage for organic light emitting device
Example 4 according to an embodiment of the present
invention, and for Comparative Example B;

[0040] FIG. 16 illustrates a graph of efficiency as a func-
tion of luminance for organic light-emitting device Example
4 according to an embodiment of the present invention, and
for Comparative Example B; and

[0041] FIG. 17 illustrates a graph of power efficiency as a
function of luminance for organic light-emitting devices
Example 4 according to an embodiment of the present
invention, and for Comparative Example B.

DETAILED DESCRIPTION OF THE
INVENTION

[0042] Korean Patent Application No. 10-2005-0064059,
filed on Jul. 15, 2005, in the Korean Intellectual Property
Office, and entitled: “Triazine-Based Compound and an
Organic Light-Emitting Device Employing the Same,” is
incorporated by reference herein in its entirety.

[0043] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings. in which exemplary embodiments of the invention are
shown. The invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. In the figures, the dimensions of
layers and regions are exaggerated for clarity of illustration.
It will also be understood that when a layer is referred to as
being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also
be present. Further, it will be understood that when a layer
is referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0044] A triazine-based compound according to an
embodiment of the present invention, Compound 1, is
represented by Structure 1, below:

Jan. 18, 2007

L

RS R,
R4 R,
R's Rs

Ry

Ry
Ry
Rio
Rs
[0045] In the triazine-based compound, R, through R,

may each be hydrogen, a substituted or unsubstituted C, 5,
alkyl group, a substituted or unsubstituted C_s, aryl group,
or a substituted or unsubstituted C, 5, heteroaryl group,
provided that all of R}, R,, R;, Rg, Ry5 and R, are not
hydrogen.

[0046] That is, in the three biphenyl groups bonded with
the triazine ring, at least one of the six ortho positions R,
R,. R, Rg, Ry; and R, , in the three aryl groups that are not
directly connected to the triazine ring should be substituted,
1.e., is not hydrogen. Of the six ortho positions, three or more
may be substituted. In an implementation, all six ortho
positions may be substituted.

[0047] When substituted as described above, the aryl
groups in one or more of the biphenyl groups are not located
in the same plane. That is, for a given biphenyl group. the
structure of the biphenyl group may be distorted due to steric
hindrance between the two aryl groups. Thus, conjugation
between two aryl groups may be disrupted to enhance an
energy gap of the compound.

[0048] For example, referring to the biphenyl group illus-
trated by Structure 1.10, below, steric hindrance between the
aryl group that includes C," and the aryl group that includes
C, may cause the two aryl groups to be rotated with respect
to each other along the C,'-C; bond, thereby disturbing the
conjugation between the two aryl groups.

(1.10)

Ry Ry
Ry R3
R¢ Rs
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[0049] Compound 1 may be used to form an organic layer
between an anode and a cathode of an organic light-emitting
device. In particular, the compound may be used for a
material that is used to form an emissive layer, an electron
transport layer and a hole-blocking layer between the anode
and the cathode of the organic light-emitting device.

[0050] The substituents of the alkyl group, the aryl group
and the heteroaryl group may include at least one of —F;
—Cl; —Br; —CN; —NO,; —OH; a C,_,, alkyl group that
is unsubstituted or substituted with —F, —Cl, —Br, —CN,
—NO, or —OH; a C,_, alkoxy group that is unsubstituted
or substituted with —F, —Cl, —Br, —CN, —NO, or —OH,
a Cg o aryl group that is unsubstituted or substituted with
—F, —Cl, —Br, —CN, —NO, or —OH; and a C, |,
heteroaryl group that is unsubstituted or substituted with
—F, —Cl, —Br, —CN, —NO, or —OH.

[0051] More particularly, R, through R, may each be
independently one of hydrogen, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a fluoromethyl group, a difluoromethyl group, a
trifluoromethyl group, a phenyl group, a C,_,, alkylphenyl
group, a C,_,, alkoxyphenyl group, a halophenyl group, a
cyanophenyl group, a dicyanophenyl group, a trifluo-
romethoxyphenyl group, a o-, m-, or p-toly group, a o-, m-
or p-cumenyl group, a mesityl group, a phenoxyphenyl
group, a (a,a-dimethylbenzen)phenyl group, a (N,N'-dim-
ethyDaminophenyl group, a (N,N'-diphenyl)aminopheny!
group, a pentalenyl group, an indenyl group, a naphthyl
group, a C,_, alkylnaphthyl group, a C,_,, alkoxynaphthyl
group, a halonaphthyl group, a cyanonaphthyl group, an
anthracenyl group, an azulenyl group, a heptalenyl 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 ethylchrysenyl group, a picenyl group,
a perylenyl group, a chloroperylenyl group, a pentaphenyl
group, a pentacenyl group, a tetraphenylenyl group, a
hexaphenyl group, a hexacenyl group, a rubicenyl group, a
coroneryl group, a trinaphthylenyl group, a heptapheny!
group, a heptacenyl group, a pyranthrenyl group, an ovale-
nyl group, a carbazolyl group, a C, ,, alkyl carbazolyl
group, a bipheny! group, a C,_,, alkyl biphenyl group, C,_,,
alkoxy biphenyl group, a thiophenyl group, an indolyl
group, a pyridyl group, 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, and a pyrimidinyl group, pro-
vided that all of Ry, R,, R,, Rg, R;3 and R, are not
hydrogen.

[0052] In Compound 1,R,, R, and R,; may be identical,
R,, Rq and R, may be identical, R, Ry and R, 5 may be
identical, R,, R, and R ¢ may be identical, Rs, R;;, and R,
may be identical, and R, R, , and R |, may be identical. That
is, each of the three biphenyl groups may be the same.

[0053] Implementations of the triazine-based compound
according to the present invention may include the com-
pounds represented by Structures 2, 3, 4 and 5, below, but
the present invention is not limited to these structures.
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-continued
()

[0054] Compound 1 may be synthesized using organic
synthesis. In an embodiment of the present invention, a
method of manufacturing Compound 1 may include reacting
a triazine ring-containing compound with one or more of a
compound represented by Structure 1A, a compound repre-
sented by Structure 1B and a compound represented by
Structure 1C.

(1A
R
Rz
Rs
R,
Ry B(OH),
Rs
(1B)
Ry
Ro
Ry
Rg
Rio B(OH),
Rj2
(1C)
Ry3
Rjs
Ry
Ryy
Rie B(OH),
Rjs

[0055] Each ofthe biphenyl groups attached to the triazine
ring may be different or may be the same, in which case R,
R, and R, may be the same, R,, R, and R, may be the
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same, R, Ry and R |5 may be the same, R,, R, and R, ; may
be the same, R, R, and R, may be the same, and R, R,
and R, may be the same.

[0056] Reaction Scheme 1, below, illustrates a method of
synthesizing a compound according to the present invention,
where the compound is represented by Structure 1"

Reaction Scheme 1
Rl
B(OH),
—
RZ
Structure 1a
Ry
R;
Rs
—_—
R
Ry Br
R¢
Structure 1b
Ry
R;
Rs
R —
R
Ry B(OH},
Rs
Structure le
Ry R
Ry R;
R¢ Rs

Rs Ny R¢

Structure 1'

[0057] In Reaction Scheme 1, a compound may first be
reacted with a bromophenyl-based compound, represented
by Structure 1a, to produce the bromobiphenyl-based com-
pound represented by Structure 1b. In Structure la, R; and
R, may be as described above. In particular, one of R; and
R, may be unsubstituted while the other may be substituted
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with the substituents described above. In Structure 1b, R,
R,, Rs and R4 may be unsubstituted or substituted with
substituents described above.

[0058] The compound represented by Structure 1b may be
reacted with butyl lithium and trimethoxy borate to produce
the compound represented by Structure 1¢. The temperature
for the reactions may be, e.g., about -78° C., or from about
-78° C. to about 0° C.

[0059] The triazine-based compound represented by
Structure 1' may be obtained by reacting the compound
represented by Structure 1c¢ with a triazine ring-containing
compound. The triazine ring-containing compound may be
a trihalotriazine, e.g., trichlorotriazine.

[0060] Triazine-based compounds according to embodi-
ments of the present invention may be used to fabricate
organic light-emitting devices. An organic light-emitting
device according to an embodiment of the present invention
may include a first electrode, a second electrode and at least
one organic layer that includes a triazine-based compound,
e.g., Compound 1.

[0061] For example, in an organic light-emitting device
according to an embodiment of the present invention, the
organic layer may contain Compound 1 and may be, but is
not limited to, an emissive layer, an electron transport layer
and/or a hole-blocking layer.

[0062] An organic light-emitting device of the present
invention may have one of a number of suitable structures.
The organic light-emitting device may include an organic
emissive layer between the first electrode and the second
electrode. The device may further include at least one of a
hole injection layer, a hole transport layer, an electron
blocking layer, a hole-blocking layer, an electron transport
layer and an electron injection layer in addition to the
emissive layer.

[0063] FIGS. 1A through 1C illustrate schematic sectional
views of organic light-emitting devices according to
embodiments of the present invention. The organic light-
emitting device of FIG. 1A may have a first electrode/hole
transport layer/emissive layer/electron transport layer/sec-
ond electrode structure. The organic light-emitting device of
FIG. 1B may have a first electrode/hole injection layer/hole
transport layer/emissive layetr/electron transport layer/elec-
tron injection layer/second electrode structure. The organic
light-emitting device of FIG. 1C may have a first electrode/
hole injection layer/hole transport layer/emissive layer/hole-
blocking layer/electron transport layer/electron injection
layer/second electrode structure. The emissive layer, the
electron transport layer and/or the hole-blocking layer may
include Compound 1.

[0064] The emissive layer of the organic light-emitting
device according to embodiments of the present invention
may include a colored dopant, e.g., a red, green, blue or
white phosphorescent dopant, a red, green, blue or white
fluorescent dopant, etc. The phosphorescent dopant may be
an organic metal compound which contains, e.g., Ir, Pt, Os,
Ti, Zr, Hf, Eu, Tb, Tm, etc.

[0065] Hereinafter, a method of manufacturing an organic
light-emitting device according to an embodiment of the
present invention will be described with reference to the
organic light-emitting device illustrated in FIG. 1C.
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[0066] First, a first electrode may be formed on a substrate
by, e.g., depositing or sputtering a high work-function
material on the substrate. The substrate may be a substrate
that is typically used in organic light-emitting devices. The
substrate may be, e.g., a glass substrate or a transparent
plastic substrate that exhibits mechanical strength, thermal
stability, transparency, surface smoothness, ease of treat-
ment, and is waterproof. The first electrode may be, e.g., an
anode. The material used to form the first electrode may be,
e.g., ITO, 170, SnO,, ZnO, or a suitable transparent material
that has high conductivity.

[0067] A hole injection layer (HIL) may be formed on the
first electrode by, e.g., vacuum deposition, spin coating,
casting, a Langmuir-Blodgett (LB) process, etc. When the
HIL is formed by vacuum deposition, deposition conditions
may vary according to the compound that is used to form the
HIL, and the structure and thermal properties of the HIL to
be formed. In general, however, conditions for vacuum
deposition may include, e.g., a deposition temperature of
about 50° C. to about 500° C., a pressure of about 10~® torr
to about 1073 torr, a deposition speed of about 0.01 to about
100 A/sec, and a layer thickness of about 10 A to about 5
pm.

[0068] The material for the HIL may be, e.g., a phthalo-
cyanine compound such as a copper phthalocyanine dis-
closed in U.S. Pat. No. 4,356,429, which is incorporated by
reference herein in its entirety. The material for the HIL. may
also be, e.g., a star-burst type amine derivative such as
TCTA, m-MTDATA, and m-MTDAPB, disclosed in
Advanced Materials, vol. 6, issue 9, pp. 677-679 (1994),
which is incorporated by reference herein in its entirety.

[0069] m-MTDATA refers to the compound represented
by Structure 6, below:

2k
sac¥oge

|
[0070] Ahole transport layer (HTL) may be formed on the
HIL by, e.g., vacuum deposition, spin coating, casting, LB,
or the like. When the HTL is formed by vacuum deposition,

conditions for deposition may be similar to those for for-
mation of the HIL, although conditions for deposition may

(6)
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vary according to the compound that is used to form the
HTL. The material used to form the HTL may be, e.g., any
material that is typically used to form the HTL. The material
may be, e.g., a carbazole derivative, such as N-phenylcar-
bazole, polyvinylcarbazole, or a typical amine derivative
having an aromatic condensation ring, such as N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-diamine
(TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine
(a-NPD), etc.

[0071] @-NPD refers to the compound represented by
Structure 7, below:

M

[0072] An emissive layer (EML) may be formed on the
HTL by, e.g., vacuum deposition, spin coating, casting, LB,
etc. When the EML is formed by vacuum deposition,
conditions for deposition may be similar to those for for-
mation of the HIL, although conditions for deposition may
vary according to a material that is used to form the EML.
The EML may be formed using a triazine-based compound
according to the present invention, e.g., Compound 1.

[0073] For example, Compound 1 may be used for a
phosphorescent host. A host material such as tris(8-quino-
linorate)aluminum (Alq,), 4,4'-N,N'-dicarbazole-biphenyl
(CBP), or Compound 9, represented by Structure 9, below,
may also be used to form the EML.

©)

[0074] The EML may further include a colored dopant.
Dopants may include, e.g., a fluorescent dopant such as
IDE102 or IDE105 (Idemitsu Co.), Cs,5T (Hiyasibara Co.),
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etc, a phosphorescent dopant such as red phosphorescent
dopant PtOEP or RD 61 (UDC Co.), green phosphorescent
dopant Ir(PPy), (where PPy is 2-phenylpyridine), blue phos-
phorescent dopant F2Irpic, Compound 8, represented by
Structure 8, below, Compound 10, represented by Structure
10, below, etc. Compound 8 may be derived as set forth in
U.S. Patent Publication No. 2003/0068526, which is incor-
porated by reference herein in its entirety.

_ _ (8)
| X
P
\Ir
/
- =13
(10)
x
Vs
0]

[0075] The concentration of the dopant may be, e.g., in the
range of about 0.01 to about 15 parts by weight, based on
100 parts by weight of the host and dopant.

[0076] A hole-blocking layer (HBL) may be formed on the
EML to prevent diffusion of triplet excitons or holes into an
electron transport layer, which is described below, when the
phosphorescent dopant is used to form the EML. The HBL
may be formed by, e.g., deposition or spin coating. The
material used to form the HBL may include, e.g., a triazine-
based compound according to the present invention such as
Compound 1, or another compound typically used for the
HBL such as an oxadiazole derivative, a triazole derivative,
a phenanthroline derivative, a hole-blocking material as
disclosed in Japanese Patent Publication No. 11-329734,
which is incorporated by reference herein in its entirety,
BCP, Balg, etc.

[0077] An electron transport layer (ETL) may be formed
by, e.g., vacuum deposition, spin coating, casting, etc. The
material used to form the ETL may be, e.g., a triazine-based
compound according to an embodiment of the present
invention such as Compound 1, a quinoline derivative such
as Alq,, etc., or any suitable material that stably transports
electrons injected from a cathode.

[0078] An electron injection layer (EIL) for allowing easy
injection of electrons from a cathode may be formed on the
ETL. The material that is used to form the EIL. may be, e.g.,
LiF, NaCl, CsF, Li,O, BaO, etc. Conditions for depositing
the EIL may be similar to the conditions for formation of the
HIL, although they may vary according to the material that
is used to form the EIL.
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[0079] A second electrode may be,formed on the EIL by,
e.g., vacuum deposition, sputtering, etc. The second elec-
trode may be, e.g., a cathode. The second electrode may be
formed of a low work-function metal, an alloy, an electri-
cally conductive compound, a combination of these, etc.
Where a metal is employed, the metal may be, e.g., Li, Mg,
Al, Al—Li, Ca, Mg—In, Mg—Ag, etc.

[0080] A transparent cathode may be used to produce a
front surface light-emitting device, and may be formed of,
e.g., [TO or IZ0.

[0081] An organic light-emitting device according to an
embodiment of the present invention may have the structure
llustrated in FIG. 1C, i.e., first electrode/HIL/HTL/EML/
HBL/ETL/EIL/second electrode. However, the structure of
the organic light-emitting device according to the present
invention may vary from that illustrated. For example, it
may include one or two interlayers, etc.

EXAMPLE AND COMPARATIVE EXAMPLES

[0082] Hereinafter, the present invention will be described
with reference to the following Examples and Comparative
Examples. These examples are for illustrative purposes only
and are not intended to limit the scope of the invention.

[0083] In particular, the present invention will be
described with reference to: Synthesis Example 1, including
the syntheses of Intermediates A and B, which details the
synthesis of Compound 2, represented by Structure 2; Syn-
thesis Example 2, including the syntheses of Intermediates
C and D, which details the synthesis of Compound 3,
represented by Structure 3; Synthesis Example 3, including
the syntheses of Intermediates E and F, which details the
synthesis of Compound 4, represented by Structure 4; and
Synthesis Example 4, including the syntheses of Intermedi-
ates G and H, which details the synthesis of Compound 5,
represented by Structure 5.

[0084] Also described below are Examples 1-4, which
detail organic light-emitting devices according to embodi-
ments of the present invention, wherein Compound 2 is
employed as an electron transport layer, a hole-blocking
layer and a host of an emissive layer, and Compound 5 is
employed as a hole-blocking layer, respectively, as well as
Comparative Examples A and B, which detail comparative
organic light-emitting devices.

Synthesis Example 1

Compound 2, including Intermediates A and B

[0085] Compound 2 was synthesized through Reaction
Scheme 2, below:

Reaction Scheme 2

1, 4-dibromobenzene
Pd(PPhs)4
N3.2C03
TBAB

B(OH),
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t-BuLi
B(OMe;
Br
A
Cl
N|)\N
)\ /)\
Cl N Cl
B(OH), Pd(PPhs)y
B Na2C03
NZ
X
N
Structure 2

Synthesis of Intermediate A

[0086] 5.7 g (41.9 mmol) of o-tolylboronic acid, 10 g
(41.9 mmol) of 1,4-dibromobenzene, 0.315 g (0.273 mmol)
of tetrakis(triphenylphosphine)palladium, 0.68 g (2.1 mmol)
of tetrabutylammonium bromide and 42 mL of 2 M Na,CO,
were dissolved in 500 mL of toluene and stirred at a
refluxing temperature for 5 hours. The reaction solution was
cooled to room temperature, 200 mL of water was added to
the solution and the organic layer was extracted three times
with 200 mL of dichloromethane. The collected organic
layer was dried over magnesium sulfate and the solvent was
evaporated to obtain a crude product. The crude product was
purified using silica gel column chromatography to produce
8.3 g of Intermediate A (88% yield).

Synthesis of Intermediate B

[0087] 67 mL of 1.7 M tert-butyllithium dissolved in
n-hexane was added dropwise to 7 g (28.3 mmol) of
Intermediate A dissolved in THF at -78° C. and stirred for
20 minutes. 12.9 mL (113.3 mmol) of trimethoxy borate was
added to the reaction solution, stirred at the same tempera-
ture for 2 hours and stirred at room temperature for 1 hour.
The reaction solution was cooled to 0° C. and 200 mL of 6
N hydrochloric acid was added thereto, and the organic layer
was extracted three times with 150 mL of diethylether. The
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collected organic layer was dried over magnesium sulfate
and the solvent was evaporated to obtain a crude product.
The crude product was purified using silica gel column
chromatography to produce 4.04 g of Intermediate B (67%
yield).

Synthesis of Compound 2

[0088] 4 g (18.9 mmol) of Intermediate B, 0.87 g (4.72
mmol) of cyanuric chloride, 0.03 g (0.024 mmol) tetraki-
s(triphenylphosphine)palladium and 19 mL of 2 M Na,CO,
were dissolved in 100 mL of toluene and stirred at a
refluxing temperature for 48 hours. The reaction mixture
was cooled to room temperature, 200 ml, of water was added
thereto and the organic layer was extracted three times with
150 mL of diethylether. The collected organic layer was
dried over magnesium sulfate and the solvent was evapo-
rated to obtain a crude product. The crude product was
recrystallized from dichloromethane and methyl alcohol to
produce 1.33 g of Compound 2, represented by Structure 2
(48% yield).

[0089] 'H NMR (CDCl,, 400 MHz) & (ppm) 8.86 (dd,
6H), 7.56 (dd, 6H), 7.35~7.29 (m, 12H), 2.35 (s, OH).

[0090] In a UV spectrum measurement, the maximum
absorption wavelength of 0.2 mM Compound 2 (in CHCI;)
was 300.5 nm.

[0091] Photoluminescence (PL) of 10 mM Compound 2
(in CHCI;) was measured at 350 nm. The maximum emis-

sion was observed at a wavelength of 420 nm (refer to FIG.
2).

[0092] Thermal analysis for Compound 2 was performed
using thermo gravimetric analysis (TGA) and differential
scanning calorimetry (DSC) under the following conditions:
N, atmosphere; temperatures for TGA: room temperature to
600° C. (10° C./min); temperatures for DSC: room tempera-
ture to 400° C.; pan type for TGA: Pt pan in disposable Al
pan; pan type for DSC: disposable Al pan. The results of the
thermal analysis were: Td was 359° C. and the melting point
(Tm) was 305° C. (refer to FIGS. 3 and 4).

Synthesis Example 2

Compound 3, Including Intermediates C and D

[0093] Compound 3 was synthesized through Reaction
Scheme 3, below:

1, 4-dibromobenzene
Pd(PPhs)y
Na3C03
TBAB

B(OH),
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t-BuLi
—_—
B(OMe);
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W
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Na2C03
B(CH),
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ﬁ)\
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Cl N Cl
O Pd(PPhs).
D

z
/: &
=z

DR,
_
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e,

Structure 3

Synthesis of Intermediate C

[0094] 1093 g of Intermediate C (77% yield) was
obtained in the same manner as [ntermediate A in Synthesis
Example 1, above, except that 10 g (50.50 mmol) of
2-biphenyl boronic acid was used instead of o-tolylboronic
acid.

Synthesis of Intermediate D

[0095] 6.92 g of Intermediate D (71% yield) was obtained
in the same manner as Intermediate B in Synthesis Example
1, above, except that 11 g (35.58 mmol) of Intermediate C
was used instead of Intermediate A.

Synthesis of Compound 3
[0096] 2.54 g of Compound 3 (56% yield) was obtained in
the same manner as Compound 2 in Synthesis Example 1,
above, except that 6.5 g (23.71 mmol) of Intermediate D was
used instead of Intermediate B.

[0097] 'HNMR (CDCL, 400 MHz) § (ppm) 8.58 (d, 6H),
7.51~7.46 (m, 12H), 7.33 (d, 6H), 7.26~7.18 (m, 15H)
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[0098] PL of 10 mM Compound 3 (in CHCl;) was mea-
sured at 360 nm. The maximum emission was observed at a
wavelength of 410 nm (see FIG. 5).

Synthesis Example 3

Compound 4, Including Intermediates E and F

[0099] Compound 4 was synthesized through Reaction
Scheme 4, below:

1, 4-dibromobenzene

B(OH);
Pd(PPhs),
N3.2CO3
TBAB
tBuL1
BOMe);
)Cl\
L]
/k )\
Cl N Cl
B(OH), Pd(PPhs),
Na2C03

?
oo

Structure 4

Synthesis of Intermediate E

[0100] 7.61 g of Intermediate E (83% yield) was obtained
in the same manner as Intermediate A in Synthesis Example
1, above, except that 7 g (46.64 mmol) of 2,6-dimethylphe-
nyl boronic acid was used instead of o-tolylboronic acid.

Synthesis of Intermediate F

[0101] 5.85 g of Intermediate F (70% yield) was obtained
in the same manner as Intermediate B in Synthesis Example
1, above, except that 8 g (37.01 mmol) of Intermediate E was
used instead of Intermediate A.
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Synthesis of Compound 4
[0102] 1.97 gof Compound 4 (52% yield) was obtained in
the same manner as Compound 2 in Synthesis Example 1,
above, except that 5.5 g (24.33 mmol) of Intermediate F was
used instead of Intermediate B.
[0103] ‘HNMR (CDCl,, 400 MHz) d (ppm) 8.91 (d, 6H),
7.40 (d, 6H), 7.21~7.14 (m, 9H), 2.10 (s, 18H).
[0104] PL of 10 mM Compound 4 (in CHCl,) was mea-
sured at 360 nm. The maximum emission was observed at a
wavelength of 400 nm (see FIG. 6).

Synthesis Example 4

Compound 5, Including Intermediates G and H

[0105] Compound 5 was synthesized through Reaction
Scheme 5, below:

f :B(OH)Z

1, 4-dibromo-2, 5-
dlmethylbenzene

T PdPhy,
NazCO3
TBAB
t-BuLi
—_—
B(OMe);
Br

G
)Cl\
O I\i Ny
PN
) Cl N Cl
B(OH); Pd(PPhs)
NHQCOg

E
0

Structure 5

Synthesis of Intermediate G

[0106] 9.81 g of Intermediate G (55% yield) was obtained
in the same manner as Intermediate A in Synthesis Example
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1, above, except that 10.3 g (68.40 mmol) of 2,6-dimeth-
ylphenyl boronic acid was used instead of o-tolylboronic
acid and 16.4 g (62.18 mmol) of 1,4-dibromo-2,5-dimeth-
ylbenzene was used instead of 1,4-dibromobenzene.

[0107] 'HNMR (CDCl,, 400 MHz) § (ppm) 7.42 (s, 1H),
7.09~7.03 (m, 3H), 6.86 (s, 1H), 2.35 (s, 3H), 1.91 (s, 3H),
1.88 (s, 6H); '*C NMR (CDCl,, 400 MHz) 8 (ppm) 140.57,
136.28, 135.94, 135.89, 134.19, 131.85, 127.98, 127.85,
123.76, 22.97, 20.93, 19.25.

Synthesis of Intermediate H

[0108] 5.68 g of Intermediate H (68% yield) was obtained
in the same manner as Intermediate B in Synthesis Example
1, above, except that 9.5 g (32.85 mmol) of Intermediate G
was used instead of Intermediate A.

[0109] 'H NMR (CDCI,, 400 MHz) 8 (ppm) 8.18 (s, 1H),
7.18~7.12 (m, 3H), 6.98 (s, 1H), 2.85 (s, 3H), 2.03 (s, 3H),
2.00 (s, 6H); *C NMR (CDCl,, 400 MHz) & (ppm) 144.79,
143.84, 140.84, 139.14, 135.59, 135.50, 13223, 131.14,
127.24, 127.00, 22.64, 2035, 19.01.

Synthesis of Compound 5

[0110] 2.33 g of Compound 5 (61% yield) was obtained in
the same manner as Compound 2 in Synthesis Example 1,
above, except that 5.5 g (21.64 mmol) of Intermediate H was
used instead of Intermediate B.

[0111] 'H NMR (CDCI,, 400 MHz) 3 (ppm) 8.14 (s, 3H),
7.21~7.12 (m, 9H), 7.05 (s, 3H), 2.81 (s, 9H), 2.06 (s, SH),
2.01 (s, 18H); *C NMR (CDCl,, 400 MHz) & (ppm) 143.56,
140.44, 136.29, 135.66, 135.02, 133.54, 132.83, 13231,
127.26, 127.11, 29.70, 21.69, 20.41, 19.05.

[0112] In UV spectrum measurement, the maximum
absorption wavelength of 0.2 mM Compound 5 (in CHCI,)
was 282.5 nm.

[0113] PL of 10 mM Compound 5 (in CHCl;) was mea-
sured at 356 nm. The maximum emission was observed at a
wavelength of 397 nm (see FIG. 7).

[0114] Thermal analysis for Compound 5 was carried out
using TGA and DSC under the following conditions: N,
atmosphere; temperatures for TGA: room temperature to
600° C. (10° C./min); temperatures for DSC: room tempera-
ture to 400° C.; pan type for TGA: Pt pan in disposable Al
pan; pan type for DSC: disposable Al pan. The results of the
thermal analysis were: Tg was 120° C., Tc was 191° C., and
Tm was 283° C. (refer to FIGS. 8 and 9).

Example 1

Compound 2 as an Electron Transport Layer

[0115] An organic light-emitting device having the fol-
lowing structure was fabricated: m-MTDATA (750 A)o.-
NPD (150 A)/CBP (300 A):Compound 8 represented by
Structure 8 (10%)/Balq (50 A)/Compound 2 (200 A)/LiF (80
A)/Al (3,000 A). Compound 2, as synthesized in Synthesis
Example 1, above, was used as an ETL.

[0116] Indetail, a 15 Q/cm? (1,200 A) ITO glass substrate
(Corning Co.), was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and
washed with UV ozone for 30 minutes. m-MTDATA was
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vacuum deposited on the substrate to form a HIL with a
thickness of 750 A. a-NPD was vacuum deposited on the
HIL to form a HTL with a thickness of 150 A. CBP as a
phosphorescent host and 10% of Compound 8 as a phos-
phorescent dopant were vacuum deposited on the HTL to
form an EML with a thickness of 300 A. Balq was vacuum
deposited on the EML. to form a HBL with a thickness of 50
A. Compound 2 was vacuum deposited on the HBL to form
an ETL with a thickness of 200 A. LiF was vacuum
deposited on the ETL to form an EIL with a thickness of 80
A and Al was vacuum deposited on the EIL to form a
cathode with a thickness of 3,000 A. As a result, an organic
light-emitting device having a structure as shown in FIG. 1C
was fabricated. This organic light-emitting device will be
referred to as Example 1.

Example 2

Compound 2 as a Hole-Blocking Layer

[0117] An organic light-emitting device having the fol-
lowing structure was fabricated: m-MTDATA (750 A)/a.-
NPD (150 A)YCBP (300 A):Compound 8 (10%)/Compound
2 (50 Ay Alg, (200 AYLiF (80 AYAl (3,000 A). Compound
2, as synthesized in Synthesis Example 1, above, was used
as a HBL.

[0118] Indetail, a 15 Q/em? (1,200 A) ITO glass substrate
(Corning Co.), was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and
washed with UV ozone for 30 minutes. m-MTDATA was
vacuum deposited on the substrate to form a HIL with a
thickness of 750 A. a-NPD was vacuum deposited on the
HIL to form a HTL with a thickness of 150 A. CBP as a
phosphorescent host and 10% of Compound 8 as a phos-
phorescent dopant were vacuum deposited on the HTL to
form an EML with a thickness of 300 A. Compound 2 was
vacuum deposited on the EML to form a HBL with a
thickness of 50 A. Alq, was vacuum deposited on the HBL
to form an ETL with a thickness of 200 A. LiF was vacuum
deposited on the ETL to form an EIL with a thickness of 80
A and Al was vacuum deposited on the EIL to form a
cathode with a thickness of 3,000 A. As a result, an organic
light-emitting device having a structure as shown in FIG. 1C
was fabricated. This organic light-emitting device will be
referred to as Example 2.

Example 3

Compound 2 as a Host of the Emissive Layer

[0119] An organic light-emitting device having the fol-
lowing structure was fabricated: m-MTDATA (750 A)/a.-
NPD (150 AYCompound 2:Ir(PPy), (6%) (300 A)/Balq (50
AYAlg, (200 AY/LiF (80 AYAl (3,000 A). Compound 2, as
synthesized in Synthesis Example 1, above, was used as a
host of the emissive layer.

[0120] Indetail, a 15 Q/ecm?® (1,200 A) ITO glass substrate
(Corning Co.), was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and
washed with UV ozone for 30 minutes. m-MTDATA was
vacuum deposited on the substrate to form a HIL with a
thickness of 750 A. @-NPD was vacuum deposited on the
HIL to form a HTL with a thickness of 150 A. Compound
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2 as a phosphorescent host and 6% of Ir(PPy), as a phos-
phorescent dopant were vacuum deposited on the HTL to
form an EML with a thickness of 300 A. Balq was vacuum
deposited on the EML to form a HBL with a thickness of 50
A. Alg, was vacuum deposited on the HBL to form an ETL
with a thickness of 200 A. LiF was vacuum deposited on the
ETL to form an EIL with a thickness of 80 A and Al was
vacuum deposited on the EIL to form a cathode with a
thickness of 3,000 A. As a result, an organic light-emitting
device having a structure as shown in FIG. 1C was fabri-
cated. This organic light-emitting device will be referred to
as Example 3.

Example 4

Compound 5 as a Hole-Blocking Layer

[0121] An organic light-emitting device having the fol-
lowing structure was fabricated: m-MTDATA (750 A)/o.-
NPD (150 A)/Compound 9:Compound 10 (10%) (300
A)/Compound 5 (50 A)/Alq, (200 A)/LiF (80 AYAl (3,000
A). Compound 5, as synthesized in Synthesis Example 4,
above, was used as a material for the HBL.

[0122] Indetail, a 15 Q/cm? (1,200 A) ITO glass substrate
(Corning Co.), was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and
washed with UV ozone for 30 minutes. m-MTDATA was
vacuum deposited on the substrate to form a HIL with a
thickness of 750 A. a-NPD was vacuum deposited on the
HIL to form a HTL with a thickness of 150 A. Compound
9 as a phosphorescent host and 10% of Compound 10 as a
phosphorescent dopant were vacuum deposited on the HTL
to form an EML with a thickness of 300 A. Compound 5 was
vacuum deposited on the EML to form a HBL with a
thickness of 50 A. Alq, was vacuum deposited on the HBL
to form an ETL with a thickness of 200 A. LiF was vacuum
deposited on the ETL to form an EIL with a thickness of 80
A and Al was vacuum deposited on the EIL to form a
cathode with a thickness of 3,000 A. As a result, an organic
light-emitting device having a structure as shown in FIG. 1C
was fabricated. This organic light-emitting device will be
referred to as Example 4.

Comparative Example A

[0123] An organic light-emitting device having the fol-
lowing structure was fabricated: m-MTDATA (750 A)/a-
NPD (150 A)/CBP (300 A):Compound 8 (10%)/Balg (50
A)/Alg, (200 A)Y/LiF (80 A)Y/Al (3,000 A).

[0124] Indetail, a 15 Q/cm? (1,200 A) ITO glass substrate
(Corning Co.), was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and
washed with UV ozone for 30 minutes. m-MTDATA was
vacuum deposited on the substrate to form a HIL with a
thickness of 750 A. o-NPD was vacuum deposited on the
HIL to form a HTL with a thickness of 150 A. CBP as a
phosphorescent host and 10% of Compound 8 as a phos-
phorescent dopant were vacuum deposited on the HTL to
form an EML with a thickness of 300 A. Balq was vacuum
deposited on the EML to form a HBL with a thickness of 50
A. Alg, was vacuum deposited on the HBL to form an ETL
with a thickness of 200 A. LiF was vacuum deposited on the

Jan. 18, 2007

ETL to form an EIL with a thickness of 80 A and Al was
vacuum deposited on the FIL to form a cathode with a
thickness of 3,000 A. As a result, an organic light-emitting
device having a structure as shown in FIG. 1C was fabri-
cated. This organic light-emitting device will be referred to
as Example A.

Comparative Example B

[0125] An organic light-emitting device having the fol-
lowing structure was fabricated: m-MTDATA (750 A)/a.-
NPD (150 A)/Compound 9:Compound 10 (10%) (300
AYBCP (50 A)/Alg, (200 AYLiF (80 AY/Al (3,000 A).

[0126] Indetail, a 15 Q/cm? (1,200 A) ITO glass substrate
(Corning Co.), was cut to a size of 50 mmx50 mmx0.7 mm,
microwave washed with isopropyl alcohol for 5 minutes,
microwave washed with pure water for 5 minutes, and
washed with UV ozone for 30 minutes. m-MTDATA was
vacuum deposited on the substrate to form a HIL with a
thickness of 750 A. a-NPD was vacuum deposited on the
HIL to form a HTL with a thickness of 150 A. Compound
9 as a phosphorescent host and 10% of Compound 10 as a
phosphorescent dopant were vacuum deposited on the HTL
to form an EML with a thickness of 300 A. BCP was vacuum
deposited on the EML to form a HBL with a thickness of 50
A. Alg, was vacuum deposited on the HBL to form an ETL
with a thickness of 200 A. LiF was vacuum deposited on the
ETL to form an EIL with a thickness of 80 A and Al was
vacuum deposited on the EIL to form a cathode with a
thickness of 3,000 A. As a result, an organic light-emitting
device having a structure as shown in FIG. 1C was fabri-
cated. This organic light-emitting device will be referred to
as Example B.

Analysis 1

[0127] Current-voltage, luminance, eficiency and power
consumption of Examples 1 and 2, as well as Comparative
Example A, were measured and the results are illustrated in
FIGS. 10, 11, 12 and 13, respectively. Current-voltage,
luminance, eficiency and power consumption of Example 4
and Comparative Example B were measured and the results
are illustrated in FIGS. 14, 15, 16 and 17, respectively.
Keithley and PhotoResearch (PR650) instruments were used
to measure current-voltage and luminance (IVL), efficiency
and power consumption properties. The turn-on voltage,
driving voltage, current density, luminance, current effi-
ciency, power efficiency and color coordinates of Compara-
tive Example B and Example 4 are shown in Table 1, below.

TABLE 1

Comp. Example B Example 4
Turn-on voltage (V) 5 5
Driving Voltage (V) 8 8
Current Density 2.265375 6.589
(mA/em?)
Luminance (cd/m?) 102.7 072.4
Current efficiency (cd/A) 4.533466 10.20489
Power efficiency (Im/W) 1.780288 4.00745
Color X 0.1485 0.1502
coordinates y 0.1701 0.1585
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[0128] Referring to FIGS. 10 and 14, Examples 1 and 2
have a higher current density than Comparative Example A,
and Example 4 has a higher current density than Compara-
tive Example B when the same voltage is applied. Therefore,
an organic light-emitting device according to the present
invention may exhibit excellent current density.

[0129] Referring to FIGS. 11 and 15, Examples 1 and 2
have a higher luminance than Comparative Example A, and
Example 4 has a five times (5x) higher luminance than
Comparative Example B when the same voltage is applied.
Therefore, an organic light-emitting device according to the
present invention may exhibit excellent luminance.

[0130] Referring to FIGS. 12 and 16, Examples 1 and 2
have a higher efficiency than Comparative Example A, and
Example 4 has a higher efficiency than Comparative
Example B. Therefore, an organic light-emitting device
according to the present invention may exhibit excellent
efficiency.

[0131] Referring to FIGS. 13 and 17, Examples 1 and 2
have a higher power efficiency than Comparative Example
A, and Example 4 has a higher power efficiency than
Comparative Example B. Therefore, an organic light-emit-
ting device according to the present invention may exhibit
excellent power efficiency.

[0132] In addition, as illustrated in Table 1, above, the
turn-on voltage, driving voltage, current density, luminance,
current efficiency, power efficiency and color coordinates of
Example 4 may be superior to those of Comparative
Example B.

[0133] Therefore, an organic light-emitting device accord-
ing to an embodiment of the present invention may exhibit
excellent electron transport and hole-blocking capabilities.

Analysis 2

[0134] The luminance, current efficiency, power efficiency
and lifespan of Example 3 were measured in the same
manner as Analysis 1. The luminance was 870 cd/m? at 5.5
V, the current efficiency was 55.22 cd/A, the power effi-
ciency was 31.54 Im/W and the lifespan was 33 hours at
5,000 cd. Therefore, compounds according to embodiments
of the present invention may be suitable for a material that
is used to form an emissive layer of an organic light-emitting
device.

[0135] A triazine-based compound according to an
embodiment of the present invention, e.g., Compound 1,
may exhibit a high energy gap because conjugation between
wo aryl groups in the biphenyl group substituted in the
triazine ring is disturbed or removed. Accordingly, a triaz-
ine-based compound according to an embodiment of the
present invention may be effectively used for a material that
is used to form an organic layer suitable for fluorescent and
phosphorescent devices for a variety of colors, e.g., red,
green, blue and white, based on excellent electron transport
and hole-blocking capabilities. Thus, embodiments of the
present invention may provide an organic light-emitting
device exhibiting high efficiency, low voltage, high lumi-
nance and long lifespan.

[0136] Exemplary embodiments of the present invention
have been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose of
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limitation. Accordingly, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made without departing from the spirit and
scope of the present invention as set forth in the following
claims.

What is claimed is:
1. A triazine-based compound having three biphenyl
groups, represented by structure 1, below,

M

Ry Ry
Ry Rz
R¢ Rs

wherein R, through R 4 are each independently one of:
hydrogen, a substituted C,_;, alkyl group, an unsubsti-
tuted C, 5, alkyl group, a substituted C,_s, aryl group,
an unsubstituted Cq s, aryl group, a substituted C, 5,
heteroary] group, and an unsubstituted C, s, heteroaryl
group, and

at least one of R, R,, R,, Ry, Ry; and R, is one of: a
substituted C, 5, alkyl group, an unsubstituted C, 5,
alkyl group, a substituted C,_s, aryl group, an unsub-
stituted Cq_s, aryl group, a substituted C,_5, heteroaryl
group, and an unsubstituted C,_s, heteroaryl group.

2. The compound as claimed in claim 1, wherein sub-
stituents of the alkyl group, the aryl group and the heteroaryl
group include at least one of: —F; —Cl; —Br; —CN;
—NO,; —OH; a C, _;, alkyl group that is unsubstituted; a
C_, alkyl group that is substituted with at least one of —F,
—(1, —Br, —CN, —NO, and —OH; a C|_, , alkoxy group
that is unsubstituted; a C, | , alkoxy group that is substituted
with at least one of —F, —Cl, —Br, —CN, —NO, and
—OH; a Cg_,, aryl group that is unsubstituted; a C4_j, aryl
group that is substituted with at least one of —F, —Cl, —Br,
—CN, —NO, and —OH; a C,_, heteroaryl group that is
unsubstituted; and a C,_;, heteroaryl group that is substi-
tuted with at least one of —F, —Cl, —Br,—CN, —NO, and
—OH.

3. The compound as claimed in claim 1, wherein R, R,
and R, ; are identical, R,, Ry and R, are identical, R,, Ry and
R,; are identical, R,, R, and R are identical, R, R, , and
R, are identical, and R, R, and R, ; are identical.
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4. The compound as claimed in claim 1, wherein one of
R, and R, is a methyl group and the other is hydrogen, one
of R, and Ry is a methyl group and the other is hydrogen, and
one of R;; and R, is a methyl group and the other is
hydrogen.

5. The compound as claimed in claim 4, wherein R, R,
Rs, Rg, Ry, Ry, Ry, Rysy Ris, Ry, Ry7, and R are each
hydrogen.

6. The compound as claimed in claim 1, wherein one of
R, and R, is a phenyl group and the other is hydrogen, one
of R, and Ry is a phenyl group and the other is hydrogen, and
one of R;; and R, is a phenyl group and the other is
hydrogen.

7. The compound as claimed in claim 6, wherein R, R,
Rs, R, Ro, Ryo, Ry Ry, Rys, Ry, Ry, and R are each
hydrogen.

8. The compound as claimed in claim 1, wherein the
substitutions of R, through R, are represented by one of
structures 4 and 5, below,

@)

o

®)

50
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9. A method of making a triazine-based compound having
three biphenyl groups, comprising:

reacting a triazine ring-containing compound with a first
biphenyl compound such that the biphenyl compound
is bonded to a carbon of the triazine ring, wherein:

the first biphenyl compound includes moieties R, and R,,:

Ra Rb

R, and R, are each independently one of: hydrogen, a
substituted C, ;, alkyl group, an unsubstituted C, 5,
alkyl group, a substituted Cg_s, aryl group, an unsub-
stituted Cg s, aryl group, a substituted C,_,, heteroaryl
group, and an unsubstituted C,_s, heteroaryl group, and

atleastone of R, and R, is: a substituted C, ,, alkyl group,
an unsubstituted C, 5, alkyl group, a substituted C 5,
aryl group, an unsubstituted C,_s, aryl group, a substi-
tuted C,_s,, heteroaryl group, and an unsubstituted C,, s,
heteroaryl group.

10. The method as claimed in claim 9, wherein reacting
the triazine ring-containing compound with the first biphe-
nyl compound results in three identical bipheny! groups
bonded to carbons of the triazine ring.

11. The method as claimed in claim 9, wherein the first
biphenyl compound is prepared by reacting a first benzene
ring-containing compound with a second benzene ring-
containing compound, and

the first benzene ring-containing compound includes:

a reactive moiety attached to a first carbon of the
benzene ring; and

a second moiety attached to the benzene ring ortho to
the reactive moiety, wherein the second moiety cor-
responds to one of R, and R, and is not hydrogen.

12. The method as claimed in claim 9, wherein the triazine
ring-containing compound is a trihalotriazine.

13. An organic light-emitting device, comprising:
a first electrode;
a second electrode; and

at least one organic layer interposed between the first and
second electrodes, wherein the at least one organic
layer includes a triazine-based compound having three
biphenyl groups, represented by structure 1, below,
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M
R R,
R4 R;
Rg Rs

wherein R, through R, are each independently one of:
hydrogen, a substituted C, _;, alkyl group, an unsubsti-
tuted C, 5, alkyl group, a substituted C_, aryl group,
an unsubstituted C s, aryl group, a substituted C, 5,
heteroaryl group, and an unsubstituted C,_s,, heteroaryl
group, and

at least one of R}, R,, R,, Rg, Rj 5 and R, is one of: a
substituted C,_,, alkyl group, an unsubstituted C,_;,
alkyl group, a substituted C, s, aryl group, an unsub-
stituted C_,, aryl group, a substituted C,_s, heteroaryl
group, and an unsubstituted C,_s, heteroaryl group.

14. The organic light-emitting device as claimed in claim

13, wherein the at least one organic layer forms one of an
emissive layer, a hole-blocking layer and an electron trans-
port layer.

15. The organic light-emitting device as claimed in claim

14, wherein the at least one organic layer forms an emissive
layer, and

the emissive layer includes a colored dopant.

16. The organic light-emitting device as claimed in claim
15, wherein the colored dopant is one of a red phosphores-
cent dopant, a green phosphorescent dopant, a blue phos-
phorescent dopant, a white phosphorescent dopant, a red
fluorescent dopant, a green fluorescent dopant, a blue fluo-
rescent dopant, and a white fluorescent dopant.

17. The organic light-emitting device as claimed in claim
14, wherein the at least one organic layer forms an emissive
layer, and the device further comprises:

a second organic layer that forms at least one of a
hole-blocking layer and an electron transport layer, the
second organic layer including the triazine-based com-
pound having three biphenyl groups.

16
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18. The organic light-emitting device as claimed in claim
17, wherein the organic light-emitting device structure is
selected from the group consisting of: a first electrode/hole
transport layer/emissive layer/electron transport layer/sec-
ond electrode structure, a first electrode/hole injection layer/
hole transport layer/emissive layer/electron transport layer/
electron injection layer/second electrode structure, and a
first electrode/hole injection layer/hole transport layer/emis-
sive layer/hole-blocking layer/electron transport layer/elec-
tron injection layer/second electrode structure.

19. A triazine-based compound having three biphenyl
groups, represented by structure 1below:

M

R R
Ry R;
R¢ Rs

Rg

wherein Ry, Ry, Rs, Rg, Ro, Ryg, Ryps Ryn, Rys, Ry, Ry,
and R ; are, independently, one of hydrogen, an alkyl
moiety of about 30 carbons or less, an aryl moiety of
about 30 carbons or less, and a heteroaryl moiety of
about 50 carbons or less, and

at least one of R;, R,, R, Ry, R ; and R, is a moiety
effective to rotate the C,-C," bond of the biphenyl
group to which it is attached, so as to disturb the
conjugation between the rings of the biphenyl group.
20. The compound as claimed in claim 19, wherein the
alkyl moiety of about 30 carbons or less is one of a
substituted C, 5, alkyl group and an unsubstituted C, 5,
alkyl group,
the aryl moiety of about 30 carbons or less is one of a
substituted C_5, aryl group and an unsubstituted Cg_5,
aryl group, and
the heteroaryl moiety of about 50 carbons or less is one of
a substituted C, s, heteroaryl group and an unsubsti-
tuted C, 5, heteroaryl group.
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