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BLUE LUMINESCENT POLYMER AND
ORGANOELECTROLUMINESCENT DEVICE
USING THE SAME

CLAIM OF PRIORITY

[0001] This application claims the benefit of Korean
Patent Application No. 10-2004-0074826, filed on Sep. 18,
2004, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a blue luminescent
polymer and an organoelectroluminescent device using the
same, and more particularly, to a blue luminescent polymer
containing an indeno (or indolo) carbazole unit in its main
polyarylene chain and an organoelectroluminescent device
using the same, thus having high emission efficiency and
high color purity.

[0004] 2. Description of the Related Art

[0005] Organic electroluminescent devices (organic EL
devices) are active emission display devices. When a current
is provided to fluorescent or phosphor organic compounds
thin films (organic films), electrons and holes are combined
in the organic films, thus emitting light. Organic EL devices
have many advantages, such as being lightweight, a simpli-
fied manufacturing process, high resolution, and wide view-
ing angles. Further, the organic EL devices can completely
realize a moving picture with excellent color purity and low
power consumption. Therefore, such organic EL devices are
suitable for portable electrics.

[0006] Organic EL devices are classified into low molecu-
lar weight organic EL devices and polymer EL devices
according to a material for forming an organic film.

[0007] In low molecular weight organic EL devices,
organic films are formed by vacuum deposition. Low
molecular weight organic EL devices have many advan-
tages. For example, emission materials for the low molecu-
lar weight organic EL devices can be casily refined to
achieve high purity, and color pixels can be easily formed.
However, such devices have problems, such as low quantum
efficiency, crystallization of thin films, and low color purity.

1. Field of the Invention

[0008] Meanwhile, in polymer organic EL devices,
organic films can be formed by spin coating or printing. The
use of spin coating and printing simplifies the manufacturing
process, and lowers manufacturing costs. In addition, such
organic films have excellent mechanical characteristics.

[0009] However, polymer organic EL devices also have
many disadvantages including low color purity, high oper-
ating voltage, low efficiency, and the like. As a result, much
rescarch into the polymer organic EL devices has been
conducted to overcome these disadvantages. For example,
polymers containing fluorene are copolymerized (U.S. Pat.
No. 6,169,163 and Synthetic Metal, Vol. 106, pp. 115-119,
1999), or blended (Applied Physics Letter, Vol. 76, No. 14,
pp. 1810, 2000) to improve electroluminescent characteris-
tics. However, the current improvement of electrolumines-
cent characteristics is far from a desirable level.
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SUMMARY OF THE INVENTION

[0010] Tt is therefore an object of the present invention to
provide a blue luminescent compound.

[0011] It is also an object of the present invention to
provide an improved light emitting device.

[0012] It is a further object of the present invention to
provide a luminescent compound having high charge mobil-
ity and good structural stability, and in particular, having
improved color coordinate characteristics in a blue range.

[0013] The present invention also provides an organoelec-
troluminescent device using the luminescent compound,
thus having excellent operating characteristics, in particular,
high color purity.

[0014] According to an aspect of the present invention,
there is provided a polymer represented by Formula 1.

[0015] According to another aspect of the present inven-
tion, there is provided an organoelectroluminescent device
including an organic film interposed between a pair of
electrodes. The organic film is composed of an indeno (or
indolo) carbazole polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A more complete appreciation of the present inven-
tion, and many of the above and other features and advan-
tages of the present invention, will be readily apparent as the
same becomes better understood by reference to the follow-
ing detailed description when considered in conjunction
with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

[0017] FIGS. 1A through 1F are sectional views of
organoelectroluminescent devices according to embodi-
ments of the present invention,

[0018] FIG. 2 and FIG. 3 are a UV absorbance spectrum
and a light emission spectrum of a polymer prepared in
Preparation Example 1, respectively;

[0019] FIG. 4 is a graph of efficiency of an organoelec-
troluminescent device according to Example 1 with respect
to voltage;

[0020] FIG. 5 is a graph of brightness of an organoelec-
troluminescent device according to Example 1 with respect
to current density; and

[0021] FIG. 6 illustrates an electroluminescent spectrum
and chromaticity characteristics of an organoelectrolumines-
cent device according to Example 1.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] A polymer containing an indenocarbazole (also
known as ‘indolocarbazole’) unit in its main polyarylene
chain is provided. The indenocarbazole unit has an excellent
charge transporting ability, in particular, hole transporting
ability, and excellent blue light emission characteristics.
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[0023] A polymer is represented by Formula 1:

[Formula 1]

[0024] where Ar is a substituted or unsubstituted C6-C30
arylene group or a substituted or unsubstituted C2-C30
heteroarylene group;

[0025] Y is N or C(R));

[0026] R, through R,, are each independently H, a sub-
stituted or unsubstituted C1-C30 alkyl group, a substituted
or unsubstituted C1-C30 alkoxy group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or unsubsti-
tuted C6-C30 arylalkyl group, a substituted or unsubstituted
C6-C30 aryloxy group, a substituted or unsubstituted
C5-C30 heteroaryl group, a substituted or unsubstituted
C35-C30 heteroarylalkyl group, a substituted or unsubstituted
C5-C30 heteroaryloxy group, a substituted or unsubstituted
C5-C30 cycloalkyl group, or a substituted or unsubstituted
C5-C30 heterocycloalkyl group;

[0027] n is a real number, and 0.01=n=0.99; and
[0028] =z is a real number, and 5=z=1000.

[0029] The Ar unit of Formula 1 may be selected from the
groups represented by 1a through 1n:

(1a)

(1b)
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where R, and R, are each independently H, a substituted
or unsubstituted C1-C12 alkyl group, a substituted or unsub-
stituted C1-C12 alkoxy group, or a substituted or unsubsti-
tuted amino group.

[0030] The polymer according to the present invention
may contain in its main chain an Ar unit having a spirof-
luorene structure such as the group represented by Formula
1n. Such a polymer may have high thermal stability, and is
less likely to react with neighboring chains to form exci-
mers. The suppression of the formation of excimers results
in high efficiency and high color purity of the polymer.
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[0031] The compound represented by Formula 1 may be a
polymer represented by Formula 2:

[Formula 2|

[0032] where Y is N or C(R,);

[0033]
substituted or unsubstituted C1-C20 alkyl group, a substi-

R, R,, Rs, Ry, and Ry, are each independently H, a

tuted or unsubstituted C1-C20 alkoxy group, a substituted or
unsubstituted C6-C20 ary!l group, a substituted or unsubsti-
tuted C6-C20 aryloxy group, or a substituted or unsubsti-
tuted C2-C20 heteroaryl group;

[0034] R,,andR,; are each independently H, a substituted
or unsubstituted C1-C12 alkyl group, a substituted or unsub-
stituted C1-C12 alkoxy group, or a substituted or unsubsti-
tuted amino group;

[0035] n is a real number, and 01=0n=0.99; and
[0036] =z is a real number, and 55221000,
[0037] A compound represented by Formula 2 in which Y

is C(R,) may be a compound represented by Formula 3:

[Formula 3]

where R, R, and R, are each independently H, a substituted
or unsubstituted C1-C20 alkyl group, a substituted or unsub-
stituted C1-C20 alkoxy group, a substituted or unsubstituted
C6-C20 aryl group, a substituted or unsubstituted C6-C20
aryloxy group, or a substituted or unsubstituted C2-C20
heteroaryl group;

[0038] R,,andR,; are cach independently H, a substituted
or unsubstituted C1-C12 alkyl group, a substituted or unsub-
stituted C1-C12 alkoxy group, or a substituted or unsubsti-
tuted amino g

[0039] 1 is a real number, and 01=nZ0.99; and
[0040] =z is a real number, and 55z=1000.
[0041] In Formula 3, R, and R, each may be indepen-

dently a C1-C12 alkyl group, R, may be a substituted or
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unsubstituted C6-C20 aryl group, and R, and R 5 each may
be independently a C1-C12 alkoxy group.

[0042] The compound represented by Formula 3 may be a
compound represented by Formula 4:

[0043] where n is a real number, and 0.01=n=0.99, and z
is a real number, and 5=z=1000.

[0044] A compound represented by Formula 2 in which Y
is N may be a compound represented by Formula 5:

[Formula 5]

[0045] where R,, R, R, and R are each independently H,
a substituted or unsubstituted C1-C20 alkyl group, a sub-
stituted or unsubstituted C1-C20 alkoxy group, a substituted
or unsubstituted C6-C20 aryl group, a substituted or unsub-
stituted C6-C20 aryloxy group, or a substituted or unsub-
stituted C2-C20 heteroaryl group;

[0046] R,,andR,;are cachindependently H, a substituted
or unsubstituted C1-C12 alkyl group, a substituted or unsub-
stituted C1-C12 alkoxy group, or a substituted or unsubsti-
tuted amino group;

[0047]
[0048]

n is a real number, and 01=0=0.99; and

z is a real number, and 5=z=1000.

Cgtyy  CgHyy
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[Formula 4]

CyH,

[0049] In Formula 5, R, and Ry are each independently a
C1-C20 alkyl group or a substituted or unsubstituted
C6-C20 aryl group.

[0050] Hereinafter, a method of preparing the polymer is
described, taking a method of preparing an indenocarbazole
polymer represented by Formula 3 (also known as azainde-
nofluorene) as an example, will be described.

[0051] First, an indenocarbazole compound (F) is pre-
pared according to Reaction Scheme 1:

GO -
GO -

Ry )
X2
OH
Sg iy
P DaRwe
(B)
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-continued

z
~
[9)

—_—

O + R3X3

Sviaev]

R,
&)

where R,, R,, and R? are as previously defined in Formula
3; and X, through X, are each a halogen atom.

[0052] A halogenated fluorene such as 2-bromofluorene is
reacted with a base and alkylhalide to produce a compound

(A).

[0053] Then, the compound (A) is reacted with trimethyl
borate to produce a compound (B). The compound (B) is
reacted with an azido reagent, such as 1-azido-2-iodoben-
zene and the like, to produce a compound (C). The com-
pound (C) is cyclized to produce a compound (D). The
compound (D) is reacted with alkylhalide to produce a
compound (E). The compound (E) is halogenated to produce
an indenocarbazole compound (F).

[0054] Finally, the indenocarbazole compound (F) is poly-
merized with a spirofluorene compound (G) to produce a
polymer represented by Formula 3 according to Reaction
Scheme 2:
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formula 3

where X is a halogen atom.

[0055] Other indenocarbazole compound can be prepared
using a similar manner as in the above-mentioned manufac-
turing process.

[0056] A weight average molecular weight (Mw) of a blue
electroluminescent polymer according to an embodiment of
the present invention strongly determines film characteris-
tics of the blue electroluminescent polymer and the lifetime
of a device including the film. The weight average molecular
weight (Mw) of a blue light polymer may be in the range of
about 10,000 to 200,000. When the Mw of the blue light
polymer is less than 10,000, a blue electroluminescent
polymer of the thin film is crystallized when the device is
manufactured and operated. When the Mw of the blue light
polymer exceeds 200,000, a conventional preparation
method using a Pd(0) or Ni(0)-medium aryl coupling reac-
tion is not suitable for forming the polymer, and further,
decreasing light emission characteristics of the device.

[0057] Ingeneral, a luminescent polymer having a narrow
molecular weight distribution (MWD) exhibits excellent
electroluminescent characteristics, in particular, a device
containing such as polymer has a long lifetime. The blue
light polymer according to an embodiment of the present
invention may have a MWD of 1.5 to 5.
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[0058] The unsubstituted alkyl group may be preferably
methyl, ethyl, propyl, isobutyl, sec-butyl, tert-butyl, pentyl,
iso-amyl, hexyl, or the like. In this case, at least a hydrogen
atom contained in the unsubstituted alkyl group may be
substituted with a halogen atom; —OH; —NO,; —CN; a
substituted or unsubstituted amino group such as —NH,,
—NH(R,,), and —N(R 5)(R;5) where Ry, R;5, and R4 are
cach independently a C1-C10 alkyl group; an amidino
group; hydrazine; hydrazone; a carboxyl group; a sulfonic
acid group; phosphoric acid; a C1-C20 alkyl group; a
C1-C20 halogenated alkyl group; a C1-C20 alkenyl group;
a C1-C20 alkynyl group; a C1-C20 heteroalkyl group; a
C6-C20 aryl group; a C6-C20 arylalkyl group; a C6-C20
heteroaryl group; or a C6-C20 heteroarylalkyl group.

[0059] The aryl group is a carbocyclic aromatic system
including one or more rings. In this case, the rings can be
attached to each other using a pendant method or fused with
each other. The aryl group may be an aromatic group,
including phenyl, naphthyl, tetrahydronaphthyl, or the like.
In the aryl group, at least a hydrogen atom can be substituted
as in the unsubstituted alkyl group.

[0060] The heteroaryl group is a cyclic aromatic system in
which the number of cyclic atoms is between 5 and 30. In
this case, it is preferred that one, two or three of the cyclic
atoms are an element selected from N, O, P, and S. All of the
other cyclic atoms are C. The rings can be attached to each
other using a pendent method or fused with each other. In the
heteroaryl group, at least a hydrogen atom can also be
substituted as in the unsubstituted alkyl group.

[0061] The unsubstituted alkoxy group may be preferably
methoxy, ethoxy, propoxy, isobutyloxy, sec-butyloxy, pen-
tyloxy, iso-amyloxy, hexyloxy, or the like. In the unsubsti-
tuted alkoxy group, at least a hydrogen atom can be substi-
tuted as in the unsubstituted alkyl group.

[0062] The arylakyl group is preferably an aryl group in
which one or more of the hydrogen atoms are substituted
with an alkyl group of low carbon number, such as methyl,
ethyl, propyl, or the like. The arylakyl group may be
preferably benzyl, phenylethyl, or the like. In the arylakyl
group, at least a hydrogen atom can also be substituted as in
the unsubstituted alkyl group.

[0063] The heteroarylalkyl group is preferably a het-
eroaryl group in which one or more of the hydrogen atoms
are substituted with an alkyl group of low carbon number. A
heteroaryl group contained in the heteroarylalkyl group is as
described above. In the heteroarylalkyl group, at least a
hydrogen atom can also be substituted as in the unsubsti-
tuted alkyl group.

[0064] The heteroaryloxy group may be preferably ben-
zyloxy, phenylethyloxy group, or the like. In the heteroary-
loxy group, at least a hydrogen atom can be substituted as in
the unsubstituted alkyl group.

[0065] The cycloalkyl group is preferably a monovalent
monocyclic system in which the number of carbon atoms is
between 5 and 30. In the cycloalkyl group, at least a
hydrogen atom can also be substituted as in the unsubsti-
tuted alkyl group.

[0066] The heterocycloalkyl group is preferably a
monovalent monocyclic system in which the number of
cyclic atoms is between 5 and 30. In this case, it is 9
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preferred that one, two or three of the cyclic atoms are
selected from N, O, P, and S. All of the other cyclic atoms
are C. In the heterocycloalkyl group, at least a hydrogen
atom can also be substituted as in the unsubstituted alkyl

group.

[0067] The amino group may be —NH,, —NH(R,,), or
—N(R5)(R,¢) where R, ,, Ry5, and R, are each indepen-
dently a C1-10 alkyl group.

[0068] Hereinafter, an organoelectroluminescent device
(organic EL device) including the polymer represented by
Formula 1, and a method of manufacturing the same will be
described.

[0069] FIGS. 1A through 1F are sectional views of
organic EL devices according to exemplary embodiments of
the present invention.

[0070] Referring to FIG. 1A, an organic EL device
according to exemplary embodiments of the present inven-
tion includes a first electrode 10, an emission layer 12
composed of the blue light polymer represented by Formula
1, and a second electrode 14 stacked sequentially.

[0071] Referring to FIG. 1B, an organic EL device
includes a first electrode 10, an emission layer 12 composed
of the blue light polymer represented by Formula 1, a hole
blocking layer (HBL) 13, a second electrode 14 sequentially
formed.

[0072] Referring to FIG. 1C, an organic EL device has the
same laminated structure as in FIG. 1B, except that a hole
injection layer (HIL) (also known as ‘buffer layer”) 11 is
interposed between the first electrode 10 and the emission
layer 12.

[0073] Referring to FIG. 1D, an organic EL device has the
same laminated structure as in FIG. 1C, except that the hole
blocking layer (HBL) 13 formed on the emission layer 12 is
replaced by an electron transport layer (ETL) 15.

[0074] Referring to FIG. 1E, an organic EL device has the
same laminated structure as in FIG. 1C, except that the hole
blocking layer (HBL) 13 and an electron transport layer
(ETL) 15 sequentially deposited are formed instead of the
hole blocking layer (HBL) 13 formed on the emission layer
12.

[0075] Referring to FIG. 1F, an organic EL device has the
same laminated structure as in FIG. 1E, except that a hole
transport layer 16 is interposed between the hole injection
layer 11 and the emission layer 12. The hole transport layer
16 blocks permeation of impurities from the hole injection
layer 11 to the emission layer 12.

[0076] The organic EL devices shown in FIGS. 1A
through 1F can be manufactured using a conventional
manufacturing method, but is not limited thereto.

[0077] A method of manufacturing an organic EL device
according to an exemplary embodiment of the present
invention will now be described.

[0078] First, a patterned first electrode 10 is formed on a
substrate (not shown). Any substrate that is used in common
organic EL devices can be used in the present embodiment.
The substrate may be composed of glass or transparent
plastic which are all transparent, have uniform surfaces, are
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waterproof, and are easily handled. The substrate may have
a thickness of 0.3 to 1.1 mm.

[0079] The first electrode 10 may be composed of various
materials. When the first electrode 10 is a cathode, the
cathode is composed of a conducting metal or an oxide
thereof, which allows holes to be smoothly injected. In
detail, the cathode may be composed of Indium Tin Oxide
(ITO), Indium Zinc Oxide (IZO), Ni, Pt, Au, Ir, or the like.

[0080] The substrate on which the first electrode 10 is
formed is cleaned using an organic solvent. The organic
solvent may be isopropanol (IPA), acetone, or the like. The
cleaned substrate is subjected to a UV/O; treatment.

[0081] A hole injection layer 11 is optionally formed on
the first electrode 10, which is formed on the substrate. The
hole injection layer 11 decreases a contact resistance
between the first electrode 10 and an emission layer 12 and
increases a hole transport capacity of the first electrode 10
with respect to the emission layer 12. As a result, a device
including the hole injection layer 11 has a low driving
voltage and a long lifetime. The hole injection layer 11 can
be composed of commonly used materials. In detail, the hole
injection layer 11 may be composed of poly(3,4-cthylene-
dioxythiophene)(PEDOT)/polystyrene parasulfonate(PSS),
starburst-based materials, copper phthalocyanine, poly-
thiophene, polyaniline, polyacetylene, polypyrrole,
polyphenylene vinylene, or derivatives of these.

[0082] One of these materials is spin coated on the first
electrode 10, and then dried to form the hole injection layer
11. The hole injection layer 11 may have a thickness of
300-2000 A, and preferably 500-1100 A. When the thick-
ness of the hole injection layer 11 is outside of this range,
hole injection characteristics deteriorate. A drying tempera-
ture may be preferably in the range of 100-250° C.

[0083] A composition for forming the emission layer 12 is,
for example, spin coated on the hole injection layer 11, and
then dried to form the emission layer 12. In this case, the
composition for forming the emission layer 12 includes the
polymer represented by Formula 1 and a solvent. The
amount of the polymer represented by Formula 1 is in the
range of 0.1-3.0 parts by weight, and the amount of the
solvent is in the range of 97.0-99.9 parts by weight, based on
100 parts by weight of the composition.

[0084] Any solvent that can dissolve the polymer repre-
sented by Formula 1 can be used in the present embodiment.
The solvent may be toluene, chlorobenzene, or the like.

[0085] Optionally, a dopant may be further added to the
composition for forming the emission layer 12. In this case,
an amount of the dopant may vary according to the com-
position for forming the emission layer 12. However, in
general, the amount of the dopant may be in the range of
30-80 parts by weight based on 100 parts by weight of the
material for forming the emission layer 12, which is com-
posed of a host of the polymer represented by Formula 1 and
the dopant. When the amount of the dopant is outside of the
range, emission characteristics of the EL device deteriorates,
which is undesirable. The dopant may be an arylamine, a
perylene, a pyrrole, a hydrazone, a carbazole, a stilbene, a
starburst-based compound, an oxadiazole, or the like.

[0086] The thickness of the emission layer 12 can be
adjusted by the concentration of the composition for forming
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the emission layer 12, and by the angular velocity used in the
spin coating process. The emission layer 12 may have a
thickness of 100-1000 A, and preferably 500-1000 A. When
the thickness of the emission layer 12 is less than 100 A,
luminous efficiency decreases. When the thickness of the
emission layer 12 exceeds 1000 A, the driving voltage of the
organic EL device increases, which is undesirable.

[0087] A hole transport layer 16 is optionally interposed
between the hole injection layer 11 and the emission layer
12. The hole transport layer 16 can be composed of any
material that can carry holes. The hole transport layer 16
may be composed of polytriphenylamine, or the like. The
hole transport layer 16 may have a thickness of 100-1000 A

[0088] A hole blocking layer 13 and/or an electron trans-
port layer 15 are formed on the emission layer 12 by
deposition and spin coating. The hole blocking layer 13
hinders excitons generated in the emission layer 12 from
migrating to the electron transport layer 15, and holes from
migrating to the electron transport layer 15.

[0089] The hole blocking layer 13 may be composed of
LiF or MgF,, a phenanthroline such as BCP (obtained from
UDC Co.), an imidazole, a triazole, an oxadiazole such as
PBD, an aluminum complex such as BAlq (obtained from
UDC Co.), or their derivatives. The exemplary compounds
for the hole blocking layer 13 are represented by the
formulae below:

H,C CH,;

phenanthroline derivative;
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imidazole derivative

H:C  CHy
N
\ / CH;
N—N
triazole derivative;
H;C  CH
CH,

oxadiazole derivative; and

BAlq.

[0090] The electron transport layer 15 may be composed
of a oxazole; an isoxazole; triazoles; an isothiazole; an
oxadiazole; a thiadiazole; a perylene; an aluminum complex
including  Alg3(tris(8-quinolinolato)-aluminum), BAlq,
SAlg, Almqg3; or a Ga complex, such as Gaq20Piv,

Gaq20Ac, or 2(Gaq2).

perylenes
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-continued

Alg3

HyC

Almg3
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-continued

Gaq'20Ac

2(Gaq'2)

[0091] The hole blocking layer 13 may have a thickness of
100-1000 A. The electron transport laver 15 may have a
thickness of 100-1000 A. When the thickness of the hole
blocking layer 13 is outside of the designated range, the
electron transporting ability decreases, which is undesirable.
When the thickness of the electron transport layer 15 is
outside of the designated range, electron transporting ability
decreases, which is undesirable.

[0092] Subsequently, a second ¢lectrode 14 is formed on
the electron transport layer 15 by deposition, and then sealed
1o complete an organic EL device.
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[0093] The second electrode 14 may be composed of, for
example, a low work function metal. The low work function
metal may be Li, Ca, Ca/Al, LiF/Ca, LiF/Al, Al, Mg, a Mg
alloy, or the like. The second electrode 14 may have a
thickness of 50-3000 A.

[0094] Although the polymer represented by Formula 1
according the present embodiment is used to form an
emission layer of an organic EL device, a hole transport
layer can also be composed of the polymer. Further, the
polymer can be used as a medium in biotechnology.

[0095] An organic EL device according to an embodiment
of the present invention can be manufactured according to a
conventional method using a luminous polymer.

[0096] The present invention will be described in further
detail with reference to the following examples. The fol-
lowing examples are for illustrative purposes and are not
intended to limit the scope of the present invention.

PREPARATION EXAMPLE 1

Manufacturing a Polymer Represented by Formula
4

[0097]
[Reaction Scheme 3]

. Br  KOH/DMSO
—_—
0-C8H17Br, RT

CgHyr  CgHyy

Bf

GgHy7  CsHyr
OH
TN
oS ban
OH
®)

Toluene, 2M Na,COy
—_—

N, Pd(PPh;),, reflux

dichlorobenzene
—
O O 180° C.

1. THF/Mg, I, reflux

—_—
2. B(OCILy)s, -78° C.
3. H*(aq)

o}
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-continued
CgHy7  Celyr

'O

O

Q :

N
H
C4Hy
Pd2dba3, Tri(t-Bu)phosphine
NaOt-Bu, xylene, reflux
CgHy7 C8H17

CF,CO0Ag, I,
_—

CHCI,, RT

SO0

S

CqHy

8H17 CgHy;

GO

<

C4Ho

)

A) Preparation of 2-bromo-9,9'-dioctylfluorenc (A')

[0098] 24.5 g of 2-bromofluorene (100 mmol) was dis-
solved in 200 ml of dimethylsulfoxide (DMSO), and then
14.5 g of KOH (259 mmol) was added thereto. The result
was stirred for 20 minutes. 42.5 g of bromooctane (220
mmol) was added to the stirred mixture, and then stirred at
room temperature for 16 hours.

[0099] After the reaction was completed, 300 ml of dis-
tilled water was added to the reaction mixture, and then
extracted using chloroform to concentrate the mixture. This
concentrated result was column-chromatographed using
hexane as an eluent to produce 46.9 g of 2-bromo-9,9'-
dioctylfluorene (A') (yield: 94%).
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B) Preparation of 9,9'-dioctylfluorenyl-2-boronic
acid (B")

[0100] 40.8 g of 2-bromo-9,9'-dioctylfluorenc(A’) (87
mmol) was dissolved in 150 ml of anhydrous tetrahydrofu-
ran (THF). 2.11 g of Mg (86.8 mmol) and a trace of I, were
added to the result, and then refluxed for 4 hours. Then, the
reaction mixture was cooled to room temperature. The
cooled reaction mixture was added to a B(OCHs), solution,
which was prepared by dissolving 27.14 g of B(OCH,),
(261.2 mmol) in 150 ml of THF and then cooling to -78° C.
The result was stirred at room temperature for 16 hours.

[0101] After the reaction was completed, the reaction
mixture was added to 200 ml of 1M HCl, and then stirred for
3 hours. Then, an organic layer was separated from the
stirred result, concentrated, column chromatographed, and
concentrated again to produce 32.4 g of 9,9-dioctylfluore-
nyl-2-boronic acid (B') (vield: 85.74%). 9,9'-dioctylfluore-
nyl-2-boronic acid (B') was a yellow oil.

C) Preparation of 2-(2-azido-phenyl)-9,9-dio-

ctylfluorene (C")
[0102] 32.37 g of 9,9'-dioctylfluorenyl-2-boronic acid (B')
(74.58 mmol), 1827 g of 1-azido-2-iodo-benzene (74.56
mmol), and 8.62 g of 5 mol % Pd(PPh,), (7.46 mmol) were
dissolved in 200 ml of toluene, and then 100 ml of 2M
Na CO; was added thereto. The result was refluxed for 12
hours.

[0103] After the reaction was completed, an organic layer
was separated from the reaction mixture, concentrated, and
then column chromatograhed using hexane as an eluent to
produce 35 g of 2-(2-azido-phenyl)-9,9-dioctylfluorene (C')
(vield: 92%).

D) Preparation of 12,12-dioctyl-6,12-dihydro-6-aza-
indeno[1,2-b]fluorene }(D")
[0104] 199 g of 2-(2-azido-phenyl)-9,9-dioctylfluorene
(C" was dissolved in 100 ml of o-dichlorobenzene, and then
refluxed at 180° C. for 12 hours.

[0105] After the reaction was completed, the reaction
mixture was concentrated under a reduced pressure, and then
column chromatographed using toluene as an eluent to
produce 7.7 g of 12,12-dioctyl-6,12-dihydro-6-aza-indeno
[1,2-b]fluorene (D') (vield: 39%).

E) Preparation of 6-(4-butylphenyl)-12,12-dioctyl-6,

12-dihydro-6-aza-indeno[ 1,2-b]fluorene (E')
[0106] 4.4 g of 12,12-dioctyl-6,12-dihydro-6-aza-indeno
[1,2-b]fluorene (D') (9.16 mmol), 2.29 g of 1-bromo-4-
octyloxybenzene, 0.18 g of tris(di-benzylideneacetone)di-
paladium(0), 1.28 g of t-BuONa, and 0.003 g of
t-butylphosphine were dissolved in 50 ml of xylene, and
then refluxed at 120° C. for 24 hours.

[0107] After refluxing, the solvent was removed. The
solvent-free reaction mixture was column chromatographed
using a mixture of toluene and hexane in a volume ratio of
1:3 as an eluent to produce 5.59 g of 6-(4-butylphenyl)-12,
12-dioctyl-6,12-dihydro-6-aza-indeno[1,2-bJfluorene ~ (E")
(yield: 79%).

F) Preparation of 6-(4-butyl)-2,9-diodo-phenyl
12,12-dioctyl-6,12-dihydro-6-aza-indeno[ 1,2-b]fluo-
rene (F)

[0108] 3.5 g of 6-(4-butylphenyl)-12,12-dioctyl-6,12-di-
hydro-6-aza-indeno[1,2-b]fluorene (E') was dissolved in 150
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ml of chloroform, and then 2.65 g of CF;COOAg (11.4
mmol) was added thereto. Then, 3.03 g of 12 (11.93 mmol)
dissolved in 150 ml of chloroform was slowly added to the
result, and then reacted at room temperature for 6 hours.

[0109] After the reaction was completed, the reaction
mixture was neutralized using 2M K,CO, aqueous solution,
and then extracted using water and chloroform to separate a
chloroform layer. The solvent was removed from the sepa-
rated chloroform layer. The result was column chromato-
graphed using a mixture of toluene and hexane in a volume
ratio of 1:3 as an eluent to produce 2.5 g of 6-(4-butyl)-2,
9-diiodo-phenyl  12,12-dioctyl-6,12-dihydro-6-aza-indeno
[1,2-b]fluorene (F') (yield: 40%).

G) Preparation of a Polymer Represented by
Formula 4

[0110]
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glove box. Then, the inside of the schlenk flask was vacu-
umed several times and purged using nitrogen. 10 ml of
anhydrous dimethylformamide (DMF), 346 mg of 1,5-cy-
cloctadiene (COD) (3.2 mmol), and 10 ml of anhydrous
toluene were added to the result, and then stirred at 80° C.
for 30 minutes. 13.8 mg of the compound (F') (0.16 mmol)
and 1.05 g of 2,7-dibromo 2'3'-di(2-ethyl)hexyoxy spirof-
luorene (G") (1.44 mmol) diluted in 10 ml of toluene were
added to the stirred result under an N, atmosphere. Then, 10
ml of toluene was added into the flask such that materials
adhered to the surface of the flask wall were fully incorpo-
rated into the solution. The result was stirred at 80° C. for 4
days, and then 36.1 mg of (4-bromophenyl)diphenylamine
(0.112 mmol) was added thereto, and stirred at 80° C. for
about a day.

[0112] After the reaction was completed, the reaction
mixture was cooled to room temperature, and then added to

[Reaction Scheme 4]

[0111] First, an inside of a schlenk flask was vacuumed
several times and refluxed using nitrogen to completely
remove moisture. Next, 880 mg of bis 1,5-cycloctadiene
nickel (3.2 mmol) and 500 mg of bipyridine (3.2 mmol)
were added into the moisture-free schlenk flask in a nitrogen

Rvtese!

GgHy7  CgHyy

Ni(COD)2
bipyridine
NaOt-Bu

[
DMEF/Toluene
80° C.

C4Ho
()

GgHy7  CgHyy

CsHo

a solution mixture of HCI, acetone, and methanol in a
volume ratio of 1:1:2 to form precipitations. The precipita-
tions were dissolved in chloroform, and then added to
methanol to form precipitations again. The resulting pre-
cipitations were extracted using soxhlet extractor to produce
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450 mg of the polymer represented by Formula 4, wherein
n is 0.9. The polymer was analyzed using gel permeation
chromatography (GPC). As a result, the number average
molecular weight (Mn) was 28,000, and the molecular
weight distribution (MWD) was 3.57. In Formula 4, z was
5 to 1000.

[0113] The polymer manufactured in Preparation Example
1 was identified using a UV absorbance spectrum and a
photoluminescent spectrum. The results are shown in FIGS.
2and 3.

[0114] Referring to FIGS. 2 and 3, it is confirmed that the
polymer has blue light electroluminescence characteristics.

EXAMPLE 1

Manufacturing an Organic EL Device

[0115] An organic EL device was manufactured using the
polymer represented by Formula 4 prepared in Preparation
Example 1.

[0116] First, indium-tin oxide (ITO) was coated on a
transparent glass substrate. The ITO layer was patterned in
a desirable form using a photosensitive resin and etchant,
and then cleaned. Then, Batron P 4083 (obtained from Bayer
Co.) was coated on the ITO layer to form a conducting buffer
layer. The conducting buffer layer had a thickness of 800 A
The result was baked at 180° C. for one hour. Then, 1 part
by weight of the polymer represented by Formula 4 was
dissolved in 99 parts by weight of toluene to prepare a
composition for forming an emission layer. In order to form
a polymer thin film, the buffer layer was spin coated with the
composition for forming the emission layer and then baked
in a vacuum oven to completely remove the solvent. At this
time, before the spin coating, the composition for forming
the emission layer was filtered using a 0.2 mm filter. The
emission layer had a thickness of about 80 nm. The thickness
of the emission layer was adjusted by varying the concen-
tration of the composition for forming the emission layer
and the spin speed.

[0117] Then, Ca and Al were sequentially deposited on the
polymer thin film by vacuum deposition under a pressure of
less than 4x107° torr. At this time, thicknesses and growth
speeds of Ca and Al layers were controlled by a crystal
SENSOr.

[0118] A forward bias voltage was applied to the organic
EL device manufactured in Example 1 to measure its effi-
ciency and brightness characteristics. The results are shown
in FIGS. 4 and 5. The typical rectifying diode characteris-
tics of the organic EL device were also measured. In
particular, the organic EL device including the polymer
prepared in Example 1 exhibited constant voltage-current
density characteristics even after being operated several
times.

[0119] As is apparent from FIGS. 4 and 5, the organic EL
device manufactured in Example 1 exhibited excellent
brightness and efficiency characteristics.

[0120] FIG. 6 illustrates an electroluminescent spectrum
and chromacity characteristics of the organic EL device
manufacture in Example 1. Referring to FIG. 6, the organic
EL device exhibited blue light emission characteristics with
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high purity. In particular, even when a voltage applied
varied, the excellent color purity of the organic EL device
was maintained.

[0121] As described above, an indenocarbazole polymer
according to the present invention exhibits blue light elec-
troluminescence characteristics. In addition, the polymer
can be easily manufactured, and emits blue light. Further, an
organic EL device using an organic film of the polymer has
excellent color purity, efficiency, and brightness.

[0122] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

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

[Formula 1]
— %, —_
Ry | Ry Ro

¥ \

e Q O o

RS N 1
R¢ Rg | Ryo
R;

where Ar is a substituted or unsubstituted C6-C30 arylene
group or a substituted or unsubstituted C2-C30 het-
eroarylene group;

Y is N or C(R,);

R; through R,; are each independently selected from the
group consisting of H, a substituted C1-C30 alkyl
group, an unsubstituted C1-C30 alkyl group, a substi-
tuted C1-C30 alkoxy group, a unsubstituted C1-C30
alkoxy group, a substituted C6-C30 aryl group, an
unsubstituted C6-C30 aryl group, a substituted C6-C30
arylalkyl group, an unsubstituted C6-C30 arylalkyl
group, a substituted C6-C30 aryloxy group, an unsub-
stituted C6-C30 aryloxy group, a substituted C5-C30
heteroaryl group, an unsubstituted C5-C30 heteroaryl
group, a substituted C5-C30 heteroarylalkyl group, an
unsubstituted C5-C30 heteroarylalkyl group, a substi-
tuted C5-C30 heteroaryloxy group, an unsubstituted
C5-C30 heteroaryloxy group, a substituted C5-C30
cycloalkyl group, an unsubstituted C5-C30 cycloalkyl
group, a substituted C5-C30 heterocycloalkyl group,
and an unsubstituted C5-C30 heterocycloalkyl group,

n is a real number, and 0.01=n=0.99; and

z Is a real number, and 5=z=1000.

2. The polymer of claim 1, wherein the Ar unit is selected
from the group consisting of functional groups represented
by Formulas 1a through 1n:
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13
-continued
(1a) {1
Ris
N
OO / >\( S
SN\
\_/
(1b) Ry
(1K)
; O O O O
(1m)
: ' '
O ()
O B :
O R13 0.0 Ry,
N (1 where R, and R are each independently H, a substituted
- or unsubstituted C1-C12 alkyl group, a substituted or
\ / unsubstituted C1-C12 alkoxy group, or a substituted or
18 unsubstituted amino group.
O ¢ 3. The polymer of claim 1, wherein the Ar unit is

O represented by Formula 1n:

(1h)

R12 R, (
%S\\ Rin
08

S \ / 4. The polymer of claim 1, wherein a weight average
molecular weight of the polymer is in the range of about
Ryy 10,000 to 200,000 and a molecular weight distribution of the

polymer is in the range of 1.5 to 5.

1n)

R
=
2]
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5. The polymer of claim 1, wherein the polymer is
represented by Formula 2:

[Formula 2]

where Y is N or C(R,);

R;, Ry, Ry, R, and Ry are each independently H, a
substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C1-C20 alkoxy group, a
substituted or unsubstituted C6-C20 aryl group, a sub-
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[Formula 3]

where R, R,, and R; are each independently selected

from the group consisting of H, a substituted C1-C20
alkyl group, an unsubstituted C1-C20 alkyl group, a
substituted C1-C20 alkoxy group, an unsubstituted
C1-C20 alkoxy group, a substituted C6-C20 aryl group,
an unsubstituted C6-C20 aryl group, a substituted
C6-C20 aryloxy group, an unsubstituted C6-C20 ary-
loxy group, a substituted C2-C20 heteroaryl group, an
unsubstituted C2-C20 heteroaryl group;

stituted or unsubstituted C6-C20 aryloxy group, or a

; . R,, and R ; are each independently H, a substituted or
substituted or unsubstituted C2-C20 heteroaryl group;

unsubstituted C1-C12 alkyl group, a substituted or
unsubstituted C1-C12 alkoxy group, or a substituted or

R,, and R,; are each independently H, a substituted or unsubstituted amino group:

unsubstituted C1-C12 alkyl group, a substituted or

unsubstituted C1-C12 alkoxy group, or a substituted or n is a real number, and 0.01=n=0.99; and

unsubstituted amino group; z 15 a real number, and 5=z=1000.
) 7. The polymer of claim 6, wherein R, and R, are each a
n is a real number, and 0.01=n=0.99; and C1-C12 alkyl group, R4 is a substituted or unsubstituted

C6-C20 aryl group, and R, and R, 5 are each a C1-C1-2
alkoxy group.

6. The polymer of claim 5, wherein the polymer is 8. The polymer of claim 6, wherein the polymer is
represented by formula 3: represented by Formula 4:

z Is a real number, and 5=z=1000.

[Formula 4]

CgHy7  CgHyr

Cy4Hy
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where n is a real number and 0.01=0=0.99, and z is a real
number and 5=z=1000.
9. An organoelectroluminescent device comprising an (12)
organic film interposed between a pair of electrodes,
wherein the organic film comprises the polymer of claim 1.
10. An organoelectroluminescent device, comprising:

a pair of electrodes;

an organic film interposed between the pair of electrodes,
the organic film comprising a polymer represented by
Formula 1:

(1b)

(1¢)

§ )

r ()
()

{ )

{ )

)

P O

(1d)

where Ar is a substituted or unsubstituted C6-C30 arylene
group or a substituted or unsubstituted C2-C30 het-
eroarylene group;

(1e)

Y is N or C(R,);

R, through R, are each independently selected from the
group consisting of H, a substituted C1-C30 alkyl
group, an unsubstituted C1-C30 alkyl group, a substi-
tuted C1-C30 alkoxy group, a unsubstituted C1-C30
alkoxy group, a substituted C6-C30 aryl group, an
unsubstituted C6-C30 aryl group, a substituted C6-C30
arylalkyl group, an unsubstituted C6-C30 arylalkyl
group, a substituted C6-C30 aryloxy group, an unsub-
stituted C6-C30 aryloxy group, a substituted C5-C30
heteroaryl group, an unsubstituted C5-C30 heteroaryl
group, a substituted C5-C30 heteroarylalkyl group, an
unsubstituted C5-C30 heteroarylalkyl group, a substi-
tuted C5-C30 heteroaryloxy group, an unsubstituted (1h)
C5-C30 heteroaryloxy group, a substituted C5-C30 Ri3 Riz

cycloalkyl group, an unsubstituted C5-C30 cycloalkyl
group, a substituted C5-C30 heterocycloalkyl group, / \
and an unsubstituted C5-C30 heterocycloalkyl group; S

n is a real number, and 0.01=n=0.99; and 1

an

(1g)

Z is a real number, and 5=z=1000.

11. The organoelectroluminescent device of claim 10, / \ S

wherein the organic film is an emission layer or a hole S

transport layer. \ /
12. The organoelectroluminescent device of claim 10,

wherein the Ar unit is a group selected from the groups Rz

represented by Formulas 1a through 1n:
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-continued
15

N
Riz
(1k)
Ris Rpp
Rz Rpp

(1m)

Ri3 Rpp
(1n)

920

where R, , and R 5 are each independently H, a substituted
or unsubstituted C1-C12 alkyl group, a substituted or
unsubstituted C1-C1-2 alkoxy group, or a substituted or
unsubstituted amino group.

13. The organoelectroluminescent device of claim 10,
wherein the Ar unit is represented by Formula 1n:

920

14. The organoelectroluminescent device of claim 10,
wherein a weight average molecular weight of the polymer
is in the range of about 10,000 to 200,000 and a molecular
weight distribution of the polymer is in the range of 1.5 to

.

1n)
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15. The organoelectroluminescent device of claim 10,
wherein the polymer is represented by Formula 2:

[Formula 2]

where Y is N or C(R,);

R;, R,;, R;, R, and R, are each independently H, a
substituted or unsubstituted C1-C20 alkyl group, a
substituted or unsubstituted C1-C20 alkoxy group, a
substituted or unsubstituted C6-C20 aryl group, a sub-
stituted or unsubstituted C6-C20 aryloxy group, or a
substituted or unsubstituted C2-C20 heteroaryl group;

R,, and R, ; are each independently H, a substituted or
unsubstituted C1-C12 alkyl group, a substituted or
unsubstituted C1-C12 alkoxy group, or a substituted or
unsubstituted amino group;

n is a real number, and 0.01=n=0.99; and

z is a real number, and 5=z=1000.
16. The organoelectroluminescent device of 15, wherein
the polymer is represented by Formula 3:

[Formula 3]

where R, R,, and R are each independently H, a sub-
stituted or unsubstituted C1-C20 alkyl group, a substi-
tuted or unsubstituted C1-C20 alkoxy group, a substi-
tuted or unsubstituted C6-C20 aryl group, a substituted
or unsubstituted C6-C20 aryloxy group, or a substituted
or unsubstituted C2-C20 heteroaryl group;

R,, and R, ; are each independently H, a substituted or
unsubstituted C1-C12 alkyl group, a substituted or
unsubstituted C1-C12 alkoxy group, or a substituted or
unsubstituted amino group;

n is a real number, and 0.01=n=0.99; and

z Is a real number, and 5=z=1000.
17. The organoelectroluminescent device of claim 16,
wherein R, and R, are each a C1-C12 alkyl group, R, is a
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substituted or unsubstituted C6-C20 aryl group, and R, and
R,; are each a C1-C12 alkoxy group.

18. The organoelectroluminescent device of claim 16,
wherein the polymer is represented by Formula 4:

[Formula 4]
0
GgHyr  CsHyr
In
C4Hy
where n is a real number, and 0.01=n£0.99, and 7 is a where R,, R,, and R; are each independently H, a sub-
real number, and 55251000~ ) o stituted or unsubstituted C1-C20 alkyl group, a substi-
19. An organoelectroluminescent device, comprising: tuted or unsubstituted C1-C20 alkoxy group, a substi-
a pair of electrodes; tuted or unsubstituted C6-C20 aryl group, a substituted
an organic film interposed between the pair of electrodes, or unsubstituted C6-C20 aryloxy group, or a substituted
the organic film comprising a polymer, a weight aver- or unsubstituted C2-C20 heteroaryl group;
age molecular weight of the polymer being in the range
of about 10,000 to 200,000, the polymer represented by R,, and R,; are each independently H, a substituted or
Formula 3: unsubstituted C1-C12 alkyl group, a substituted or
[Formula 3] unsubstituted C1-C12 alkoxy group, or a substituted or

unsubstituted amino group;
n is a real number, and 0.01=n=0.99; and

z Is a real number, and 5=z=1000.

20. The organoelectroluminescent device of claim 16,
wherein a molecular weight distribution of the polymer is in
the range of 1.5 to 5.
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