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A hole transport polymeric compound and a polymer light
emitting diode using the same. The hole transport polymeric
compound includes a hole transport material, a thermal cross-
linking agent containing an ethynyl group, and a compound
represented by [Formula 1], and can be applied to a polymer
light emitting diode. In addition, the hole transport polymeric
compound has excellent hole transport capabilities and has
stability in solvents so as to be insoluble in a solvent used
upon stacking other organic layers and blocking electrons
well.
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[FIG. 1b}
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[FIG. 1c}
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[FIG. 1d}
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[FIG. 2]
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[FIG. 3a]
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[FIG. 3c]

i ——

g Solution rapresented by [Formula 8]

~~~~~~~~~~ @ Film represented by [Formuls 8]

~g~= Thermally cross-iinked fiim,
represented by [Formula 81

b

450 500 550 600
Wavelength (nm)




Patent Application Publication Jan. 9,2014 Sheet 9 of 18 US 2014/0008622 A1

[F1G. 3d]}

ﬁﬁm

Onm



Patent Application Publication Jan. 9,2014 Sheet 10 of 18  US 2014/0008622 A1

[FIG. 4]
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[FIG. Sa]
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[FIG. 5b]
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[FIG. 5c¢]
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[FIG. 5d]
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[FIG. 6a]
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[FIG. 6d]
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HOLE TRANSPORT POLYMERIC
COMPOUND AND POLYMER LIGHT
EMITTING DIODE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0071939 filed on 2 Jul., 2012, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which is incorporated by reference in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a hole transport

polymeric compound, which has excellent hole transport
capabilities, exhibits stability in organic solvents so as to be
insoluble in the organic solvents used upon stacking other
organic layers, and can efficiently block electrons, and a
polymer light emitting diode using the same.

[0004] 2. Description of the Related Art

[0005] In modern fields such as IT and electronics, photo-
electronic devices based on conversion of light energy into
electric energy or vice versa are very important.

[0006] With various merits, such as easy and inexpensive
solution process, excellent luminance, rapid response, flex-
ibility, and the like, polymer light emitting diodes (PLEDs)
have been actively studied for development of next genera-
tion flat panel displays.

[0007] Efficiency of PLEDs substantially depends on
charge equilibrium, electron blocking and exciton quenching
properties. These requirements are achieved by a multilayer
structure including functional layers, such as a hole injecting
layer (HIL), hole transport layer (HTL), electron blocking
layer (EBL), electron emission layer (EML), hole blocking
layer (HBL), and electron transfer layer (ETL). Particularly,
to realize highly efficient PLEDs, there is a need for the
development of an appropriate hole transport layer, for con-
fining excitons in the emission layer by maximizing hole
injection and electron blocking. In addition, the hole injection
layer serves to prevent exciton quenching near an interface
between the emission layer and an electrode, thereby improv-
ing PLED efficiency.

[0008] Manufacture of PLEDs having such a multilayer
structure is difficult as compared with organic light emitting
diodes because previously formed layers can be damaged or
dissolved by a solvent used for spin coating of a new layer.
[0009] Therefore, materials having excellent conductivity
and providing suitable solubility, such as poly(3,4-ethylene-
dioxythiophen):poly(styrene sulfonate) (PEDOT:PSS), have
been widely used for the hole injection layer and the hole
transport layer of the PLED. PEDOT:PSS has many disad-
vantages such as deficiency in interfacial adhesion, hole
transport capabilities and electron blocking capabilities, exci-
ton quenching at the interface of the emission layer, and the
like. Moreover, PEDOT:PSS has acidity and corrodes a sut-
face of indium tin oxide (ITO), thereby causing serious prob-
lems in terms of long-term stability of the PLED.

[0010] To overcome these problems, Morgado et al
reported that insertion of poly(p-phenylenevinylene) (PPV)
between PEDOT:PSS and an emission layer resulted in
increase in efficiency of a fluorine-based PLED by almost two
times (J. Morgado, R. H. Friend, F. Cacialli, Appl. Phys. Lett.
2002, 80, 2436.), and Kim et al. reported that formation of a
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thin (~10 nm) semiconducting polymer interlayer (poly(2,7-
(9,9-di-n-octylfluorene)-alt-(1,4-phenylene-((4-sec-bu-
tylphenyl)imino)-1,4-phenylene) (TFB)) between the
PEDOT:PSS and the emission layer resulted in substantial
increase in efficiency of the PLED (J.-S. Kim, R. H. Friend, 1.
Grizzi, J. H. Burroughes, Appl. Phys. Lett. 2005, 87,
023506.).

[0011] However, although efficiency and lifespan of
PLEDs could be improved by overcoming the disadvantages
of PEDOT:PSS, there are problems in that insertion of an
intermediate layer entails complex processes and increases
manufacturing costs.

[0012] Therefore, there is a need for novel hole transport
materials, which have excellent hole transport capability, and
exhibit stability in organic solvents so as to be insoluble in
organic solvents used upon stacking other organic layers.

BRIEF SUMMARY

[0013] Ttis one aspect of the present invention to provide a
hole transport polymeric compound, which has excellent hole
transport capabilities, exhibits stability in organic solvents so
as to be insoluble in the organic solvents used upon stacking
other organic layers, and can efficiently block electrons.

[0014] It is another aspect of the present invention to pro-
vide a method for preparing a hole transport polymeric com-
pound.

[0015] It is a further aspect of the present invention to
provide a polymer light emitting diode employing the ther-
mally cross-linked hole transport polymeric compound.

[0016] In accordance with one aspect of the present inven-
tion, a hole transport polymeric compound is represented by
[Formula 1]:

[Formula 1]

H
—(—c—c —)—(—c —C—)—LC cl—)m—H
2 R

[0017] wherein R, is selected from the group comprised of
aC, to C,,alkyl group,a C,to C,, aryl group, anda C, to Cy,
heteroaryl group including N, O or S; R, is a hole transport
material and is selected from the group comprised of a sub-
stituted or unsubstituted triphenyl amine and a substituted or
unsubstituted carbazole; and each of m and n is an integer
from 1 to 50.

[0018] A substituent to triphenyl amine and carbazole of R,
may be selected from the group comprised ofa C,to C,q aryl
group, a C, to C;, heteroaryl group including N, O or S, and
a triphenyl amine group.

[0019] More particularly, R, may be selected from the
group comprised of hole transport compounds represented by
[Formula 2] to [Formula 5].
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[Formula 2]
N
| [Fomula 3]
@
o0
[Fomula 4]
N
o0
[Fomula 5]

:

[0020] The hole transport polymeric compound repre-
sented by [Formula 1] may be polymerized by anionic poly-
merization or radical polymerization.

[0021] In accordance with another aspect of the present
invention, a method for preparing a hole transport polymeric
compound includes preparing a hole transport polymeric
compound represented by [Formula 1] by reacting a com-
pound represented by [Formula 8] with tetra-n-butylammo-
nium fluoride according to <Reaction Formula 1>

[0022] <Reaction Formula 1>

H Hz H
C—C & —c et 1
|
Ry

—Si— —Si—

[Formula 8]
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-continued

Jr e —cMc —cl
|| ||

[Formula 1]

[0023] The compound represented by [Formula 8] may be
prepared by reacting a polymer, in which compounds repre-
sented by [Formula 6] are continuously formed, with a com-
pound represented by [Formula 7] in the presence of potas-
sium naphthalenide, sec-butyllithium (sec-BuL.1), or a radical
initiator according to <Reaction Formula 2>

[0024] <Reaction Formula 2>
HT=CH2
Rp—C=CH, + Ry —_—
[Formula 6] | |
[Formula 7]
JrH IS RATE A
C —C Cc —C H
2n | m
Rz Ry
[Formula 8]
[0025] The polymer may be prepared by reacting the com-

pound represented [Formula 6] with potassium naphthalen-
ide, sec-butyllithium (sec-Bul.i), or a radical initiator.
[0026] The compound represented by [Formula 6] and the
compound represented by [Formula 7] may be mixed in a
molar ratio from 1:0.2 to 1:0.8.

[0027] R, may be selected from the group comprised of
compounds represented by [Formula 2] to [Formula 5].
[0028] In accordance with a further aspect of the present
invention, a polymer light emitting diode includes: a first
electrode; an organic material layer comprised of at least 2
layers including an emission layer; and a second electrode,
sequentially stacked in this order, wherein at least one layer in
the organic material layer includes the compound represented
by [Formula 1].

[0029] The compound represented by [Formula 1] may be
thermally cross-linked on the first electrode.

[0030] Thethermal cross-linking may be performed at 200°
C. to 300° C. for 10 minutes to 60 minutes.

[0031] The emission layer may have a thickness from 10
nm to 100 nm.
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[0032] Theorganic material layer may include a hole trans-
port layer, wherein the hole transport layer is represented by
[Formula 1].

[0033] The emission layer is comprised of a binary com-
pound of a host material and a phosphorescent or fluorescent
dopant, wherein the host material is the compound repre-
sented by [Formula 1].

[0034] As such, the hole transport polymeric compound
has excellent hole transport and electron blocking capabili-
ties, and may have defect-free surfaces.

[0035] Inaddition, the hole transport polymeric compound
has stability in organic solvents, and thus is insoluble in
organic solvents used upon stacking other organic layers.
[0036] Further, a polymer light emitting diode employing
the thermally cross-linked hole transport polymeric com-
pound as a hole transport layer may exhibit 1.5 times higher
luminance and 4 times higher luminous efficiency than a
polymer light emitting diode employing PEDOT:PSS. This is
because the cross-linked polymeric compound exhibits
excellent properties in terms of electron and exciton blocking
capabilities and capability of inhibiting and/or reducing exci-
ton quenching.

[0037] Furthermore, since the polymeric compound is not
acidic, the polymer light emitting diode employing the ther-
mally cross-linked polymeric compound may have longer
lifespan than the polymer light emitting diode employing
PEDOT:PSS.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other aspects, features, and advan-
tages of the present invention will become apparent from the
detailed description of the following embodiments in con-
junction with the accompanying drawings, in which:

[0039] FIGS. 1a and 15 are graphs depicting measurement
results of compounds represented by [Formula 9] and [For-
mula 12], as prepared in inventive examples and measured by
'"HNMR;

[0040] FIG. 1c is a graph depicting measurement results of
compounds represented by [Formula 9] and [Formula 12], as
prepared in inventive examples and measured by FT-IR;
[0041] FIG. 1d shows SEC curves of the compounds rep-
resented by [Formula 9], [Formula 10] and [Formula 12], as
prepared in the inventive examples;

[0042] FIG. 2 shows thermal decomposition curves of the
compounds represented by [Formula 9] and [Formula 10], as
prepared in the inventive examples and measured by thermo-
gravimetric analysis;

[0043] FIG.3a shows athermal decomposition curve of the
compound represented by [Formula 9], as prepared in the
inventive example and measured by differential scanning
calorimetry analysis;

[0044] FIG. 3bis a graph depicting states of a cross-linked
film before and after cleaning with toluene after cross-linking
of the compound represented by [Formula 9], as prepared in
the inventive example and measured by UV-Vis absorption
spectrum,

[0045] FIG. 3¢ shows photoluminescence (PL) spectra of
the compound (solution) represented by [Formula 9], a film
prepared from the compound represented by [Formula 9] and
a cross-linked film prepared from the compound represented
by [Formula 9];

[0046] FIG. 3d shows pictures of a film before and after
cross-linking, prepared from the compound represented by
[Formula 9], as obtained using an atomic force microscope;

Jan. 9, 2014

[0047] FIG. 4 is a cyclic voltammetry curve of a cross-
linked film prepared from the compound represented by [For-
mula 9];

[0048] FIG. 5a is an energy-level diagram of a cross-linked
film prepared from the compound represented by [Formula
91;

[0049] FIG. 5b is a graph depicting electroluminescence of
polymer light emitting diodes employing hole transport lay-
ers prepared in one inventive example and a comparative
example;

[0050] FIG. 5¢ is a graph depicting current density and
luminance depending on voltage of the polymer light emit-
ting diodes employing hole transport layers prepared in the
inventive example and the comparative example;

[0051] FIG. 54 is a graph depicting luminous efficiency
depending on current density of the polymer light emitting
diodes employing hole transport layers prepared in the inven-
tive example and the comparative example;

[0052] FIG. 6a is a graph depicting exciton lifetimes of 35
nm thick emission layers employing hole transport layers
prepared in the inventive example and the comparative
example, as measured by time-correlated single photon
counting (TCSPC);

[0053] FIG. 6b is a graph depicting exciton lifetimes of 10
nm thick emission layers employing hole transport layers
prepared in the inventive example and the comparative
example, as measured by time-correlated single photon
counting (TCSPC);

[0054] FIG. 6¢ is a graph depicting exciton lifetimes of 65
nm thick emission layers employing hole transport layers
prepared in the inventive example and the comparative
example, as measured by time-correlated single photon
counting (TCSPC); and

[0055] FIG. 64 is a graph depicting exciton lifetime
depending on thickness of the emission layer.

DETAILED DESCRIPTION

[0056] The present invention relates to a hole transport
polymeric compound, which has excellent hole transport
capabilities, has stability in organic solvents so as to be
insoluble in the organic solvents used upon stacking other
organic layers, and can efficiently block electrons, and a
polymer light emitting diode using the same.

[0057] Exemplary embodiments of the present invention
will now be described in detail.

[0058] Itis one aspect of the present invention to provide a
hole transport polymeric compound represented by [Formula
1], prepared by reaction between a hole transport material and
a thermal cross-linking agent containing an ethynyl group.

[Formula 1]

g b H g B g
HA-C—C mc—(lj ch—(lj -1,
R; R

|
R,

[0059] wherein R, is selected from the group comprised of
aC, to Cypalkyl group, a C4to C,q aryl group, anda C, to Cy
heteroaryl group including N, O or S; R, is a hole transport
material and is selected from the group comprised of a sub-
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stituted or unsubstituted triphenyl amine and a substituted or
unsubstituted carbazole; and each of m and n is an integer
from 1 to 50.

[0060] A substituent to triphenyl amine and carbazole of R,
is selected from the group comprised of a C4 to C,,, aryl group,
a C, to C,, heteroaryl group including N, O or S, and a
triphenyl amine group. Preferably, R, is a compound selected
from the group comprised of hole transport compounds rep-
resented by [Formula 2] to [Formula 5].

[Fomula 2]
N
| [Fomula 3]
@
908
[Formula 4]
N
0
[Formula 5]

:

[0061] The compound represented by [Formula 1] is
soluble in organic solvents. However, the compound is stable
in the organic solvents after thermal cross-linking, and thus is
insoluble in an organic solvent used upon stacking other
organic layers.

[0062] The compound represented by [Formula 1] may be
polymerized by anionic polymerization or radical polymer-
ization.

[0063] Since the compound represented by [Formula 1]
includes a hole transport material and maintains conjugation
by allowing ethynyl groups placed at both terminals of a chain
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thereof to form a benzene ring through thermal cross-linking,
the compound has excellent hole transport capabilities and is
prepared by the following process represented by <Reaction
Formula A>:

[0064] <Reaction Formula A>
HC=CH,
R
[Formula 7]
Ry—C=CH,
[Formula 6]

g 8
c—c c—c (lj I
R)

—3S5i— —8i—

[Formula 8]

H Hz U
C —C C —C H
2n | m
Ry

[Formula 1]

[0065] First, in <Reaction Formula A>, a compound repre-
sented by [Formula 6], which is the hole transport material, is
reacted with potassium naphthalenide, sec-butyllithium (sec-
BulLi), or a radical initiator, thereby preparing a block and
random copolymerization polymer in which compounds rep-
resented by [Formula 6] are continuously formed by living
anionic polymerization or radical polymerization.

[0066] Next, a thermally cross-linkable polymer repre-
sented by [Formula 8] is prepared by reacting the polymer and
a monomer compound represented by [Formula 7] with
potassium naphthalenide, sec-butyllithium (sec-Buli), or a
radical initiator. At this point, the compound represented by
[Formula 6] and the compound represented by [Formula 7]
are mixed in a molar ratio from 1:0.2 to 1:0.8, preferably from
1:03 10 1:0.5.

[0067] Next, acompound represented by [Formula 1], from
which a protective group is removed, is prepared by reacting
the thermally cross-linkable polymer represented by [For-
mula 8] with tetra-n-butylammonium fluoride. When the pro-
tective group is removed from the compound represented by
[Formula 1], an ethynyl group functioning as a thermal cross-
linking group is formed.

[0068] A structure of such a compound may be determined
through *H NMR, FT-IR, and size exclusion chromatogra-

phy.
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[0069] The compound represented by [Formula 1] may be
applied to a polymer light emitting diode.

[0070] Generally, the polymer light emitting diode
includes: a first electrode; an organic material layer com-
prised of at least 2 layers including an emission layer; and a
second electrode, sequentially stacked in this order, wherein
at least one layer in the organic material layer includes the
compound represented by [Formula 1]. The organic material
layer is comprised of at least 2 layers among a hole injection
layer, a hole transport layer, an electron blocking layer, an
emission layer, a hole blocking layer, and an electron trans-
porting layer, and includes at least the hole transport layer and
the emission layer.

[0071] Inthe polymer light emitting diode according to one
embodiment, the organic material layer includes the hole
transport layer, which includes the compound represented by
[Formula 1].

[0072] The compound represented by [Formula 1] may be
thermally cross-linked on the first electrode. Here, thermal
cross-linking may be performed at 200° C. to 300° C. for 10
minutes to 60 minutes, without being limited thereto.

[0073] The emission layer may have a thickness from 10
nm to 100 nm.
[0074] In the polymer light emitting diode, the emission

layer is comprised of a binary compound of a host material
and a phosphorescent or fluorescent dopant, wherein the host
material may employ the compound represented by [Formula
1].

[0075] In oneexample of the polymer light emitting diode
according to the embodiment, a substrate may be provided
with a thin film transistor (TFT). When the substrate is pro-
vided with a TFT, an active matrix type light emitting diode
may be prepared, and when the substrate is not provided with
a TFT, a passive matrix type light emitting diode may be
prepared. In the present invention, any one of the active
matrix type and passive matrix type light emitting diodes may
be prepared. In addition, the substrate may include any one of
glass, plastic, metal foils, and the like, without being limited
thereto.

[0076] The first electrode placed on an upper surface of the
substrate is a transparent electrode and is mainly formed of
ITO which has both electrical conductivity and transparency.
[0077] The hole transport layer placed on an upper surface
of the first electrode may be formed of a compound which has
excellent interfacial properties between the hole transport
layer and the first electrode, easily provides electrons to the
first electrode, and can be coated by spin coating or the like.
Preferably, the hole transport layer is formed by coating the
compound represented by [Formula 1].

[0078] Theemission layer placed on an upper surface of the
hole transport layer is coated with a polymer ink such as an
electroluminescent ink having electroluminescent properties
(for example, a red luminescent ink, a green luminescent ink,
a blue luminescent ink), by a method such as inkjet printing,
spin coating, and the like. Here, an organic solvent is used for
easy coating.

[0079] The electron transporting layer, which may be
formed on an upper surface of the emission layer, is deposited
to a thickness from about 200 A to about 400 A by vacuum
deposition, thereby improving efficiency of the polymer light
emitting diode. The electron transport layer may be omitted
from the polymer light emitting diode, if necessary.

[0080] The electron injecting layer placed on an upper sur-
face of the electron transport layer is generally formed of LiF,
and the second electrode (anode) is placed on an upper sut-
face of the electron injecting layer. As the anode, a metal such
as Al, Ma, Ag, and the like may be used alone. Alternatively,
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a LiF/Ca (or Ba, or the like)/Al structure may be used by
forming Ca, Ba or the like to a thickness of several dozen
nanometers between Lif which is the electron injection layer,
and Al which is the anode. After forming the anode, the
polymer light emitting diode is completed through an encap-
sulation process for blocking air.

[0081] Although structural features of the compound rep-
resented by [Formula 1] according to the invention and the
method for manufacturing a polymer light emitting diode
using the same have been described above, it should be under-
stood that the present invention is not limited to the above
description.

[0082] Next, the present invention will be further eluci-
dated from the following examples and coniparative
examples. It should be understood that these examples are
provided for illustration only and are not to be construed in
any way as limiting the scope of the invention, and that
various modifications, changes, and alterations can be made
without departing from the spirit and scope of the invention.

EXAMPLES
Preparative Example 1

Preparation of Hole Transport Polymeric Compound
Represented by [Formula 9]

[0083] (1-1) Preparation of Compound Represented by
[Formula 9]
[0084] The compound was prepared according to <Reac-

tion Formula 3>, After 0.32 g (0.013 mmol) of a compound
represented by [Formula 12] and 15 m1 of anhydrous THF
were placed inareactor and stirred, 10 ml of THF in which 0.1
M of tetra-n-butylammonium fluoride ((C,H,),NF) was dis-
solved was added to the mixture in the reactor at 0° C. and
stirred for 3 hours. After methanol was added to the resultant
solution for precipitation and THF/methanol was added
thereto for re-precipitation, the resultant was refined and sub-
jected to freeze drying using benzene under a vacuum,
thereby obtaining the compound represented by [Formula 9].
Yield was quantitative.

[0085] ‘HNMR (400 MHz, CDCL,): 8=1.05-2.25 (CH,CH
and tert-butyl), 3.03 (C=CH), 6.25-7.35 (triphenylamine and
phenyl).

[0086] FT-IR (KBr, cm™): 2109 (C=C of C=CH), 3296
(CH of C=CH).

[0087] SEC: M, (obsd)=24,300, M, /M, =1.12.

[0088] M, (obsd) and M, /M,, were measured at 40° C. by
SEC using a THF solution of 2% triethylamine as an eluent,
and compensated using a commercially available polystyrene
standard.

[0089] (1-2) Preparation of Compound Represented by
[Formula 12]
[0090] The compound was prepared according to <Reac-

tion Formula 3>. 0.38 g (0.821 mmol) of a compound repre-
sented by [Formula 10], 0.0063 g (0.0368 mmol) of potas-
sium naphthalenide and 10 ml of THF were placed in the
reactor and stirred at =78° C. for 30 minutes. After completion
of the reaction, 0.061 g (0.307 mmol) of a compound repre-
sented by [Formula 11] was added to the mixture in the
reactor, followed by stirring at the same temperature for 30
minutes. The compound represented by [Formula 12] was
obtained by adding a large amount of methanol to the reaction
solution after completion of reaction. Yield was quantitative.
[0091] 'HNMR (JEOL IJNM-ECX400; 400 MHz, CDCI,):
8=0.25 (SiCH,), 1.05-2.25 (CH,CH and tert-butyl), 6.25-7.
35 (triphenylamine and phenyl).
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[0092] FT-IR (Perkins-Elmer Spectrum 2000; KBr, cm™):

1250 (SiCH,), 2159 (C=CSi(CH,),).

[0093]
M,/M,=1.11.

[0094] <Reaction Formula 3>

[Formula 11]
H,C=CH
H,C=CH
K-Naph |
THF, (3)° C. THF, -78° C.

xﬂj@x

[Formula 10]

>(H2 H, )
H C C CcC —C H

@
—_—
THF
_Sl_

oo,

[Formula 12]

Hz Hz
H C C C —C

¥

00y

[Formula 9]

@ indicates text missing or illegible when filed

SEC (Waters M77251, M510): M, (obsd)=25,300,
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Example 1

Evaluation of Properties of Compound Represented
by [Formula 9]

[0095] (1-1) 'HNMR, FT-IR, and SEC

[0096] FIGS. 1a and 15 are graphs depicting measurement
results of the compounds represented by [Formula 9] and
[Formula 12] as measured by 'H NMR, FIG. 1c is a graph
depicting measurement results of the compounds represented
by [Formula 9] and [Formula 12] as measured by FT-IR, and
FIG. 1d is a graph depicting SEC curves of the compounds
represented by [Formula 9], [Formula 10] and [Formula 12].
[0097] As shown in FIGS. 1a and 15, it can be seen that a
peak of a vinyl group disappeared, a wide main peak of a
polymer chain and wide peaks of a butyl group and a trim-
ethylsilyl group appeared (upper graph of FIG. 15), and in the
lower graph of F1G. 15, a peak of methyl protons disappeared
and a peak of ethynyl protons appeared at 3.03 ppm.

[0098] In addition, as shown in FIG. 1c¢, bands of SiCH,
(1250 ecm™) and C=CSi(CH,); (2159 c¢m™) disappeared,
and new bands were observed at 2109 cm™ (C=C of
C=CH) and 3296 cm™ (CH of C=CH).

[0099] Further, as shownin FIG. 1d, it could be seen that the
compound represented by [Formula 12] had a measurement
value of Mn (predictable molecular weight) of 25,300 similar
to a calculated value (Mn=23,900), and the SEC curve had a
narrow single-peak shape (Mw/Mn=1.11) and was com-
pletely shifted to a higher Mn region than the polymer repre-
sented by [Formula 10] which was a starting material. These
results mean that a chain terminal derived from the compound
represented by [Formula 10] polymerized the compound rep-
resented by [Formula 11], and under these polymerization
conditions, polymerization of the compound represented by
[Formula 11] by the polymer represented by [Formula 10]
was successfully performed without side reactions. In addi-
tion, the SEC curve of the compound represented by [For-
mula 9] maintained a single-peak shape, and shifted to a low
Mn region. Narrow molecular weights of the compounds
represented by [Formula 9] and [Formula 12] are substan-
tially the same, and this result means that side reactions did
not occur in the course of removal of the trisilyl group.
[0100] Therefore, a copolymer having a triphenylamine
group, which can be thermally cross-linked due to successful
removal of the trisilyl group, was prepared.

[0101] (1-2) Thermogravimetric Analysis (TGA)

[0102] FIG. 2 shows thermal decomposition curves of the
prepared compounds represented by [Formula 9] and [For-
mula 10], as measured using a thermogravimetric analyzer
(TGA) at a heating rate of 10° C./min under a nitrogen atmo-
sphere.

[0103] In FIG. 2, when comparing the compound repre-
sented by [Formula 9] with the polymer represented by [For-
mula 10], which was prepared without using a cross-linking
agent, in terms of thermal stability, it can be seen that
although the compound represented by [Formula 9] had a
lower molecular weight than the polymer represented by
[Formula 10], the cross-linked compound represented by
[Formula 9] (loss rate of 5 wt % at 392° C.) exhibited higher
thermal stability than the polymer represented by [Formula
10] (loss rate of 5 wt % at 383° C.).

[0104] (1-3) Differential Scanning Calorimetry (DSC)
Analysis, UV-Vis Absorption Spectrum, Photoluminescence
Spectrum, and Atomic Force Microscopy Analysis

[0105] FIG. 3a shows thermal decomposition curves of the
compound represented by [Formula 9], as measured by dif-
ferential scanning calorimetry analysis (DSC) at a heating
rate of 10° C./min under a nitrogen atmosphere. FIG. 3b1s a
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graph depicting states of a film prepared by cross-linking the
compound represented by [Formula 9] at 240° C. for 50
minutes before and after cleaning with toluene, as measured
by UV-Vis absorption spectroscopy (inserted figure: UV-Vis
absorption spectrum of a film prepared by cross-linking the
compound represented by [Formula 9] at 240° C. for 30
minutes before and after cleaning with toluene). FIG. 3¢
shows photoluminescence (PL) spectra of the compound (so-
lution) represented by [Formula 9], the film prepared from the
compound represented by [Formula 9], and the cross-linked
film prepared from the compound represented by [Formula
9]. FIG. 3d shows pictures of films before and afier thermal
cross-linking at 240° C. for 50 minutes, as obtained by an
atomic force microscope (AFM).

[0106] As shown in FIG. 3a, after primary scanning, the
compound represented by [Formula 9] showed a high exo-
thermic peak within a temperature range from a starting point
to 240° C. and had a glass transition temperature (Tg) of 199°
C. or less. However, after secondary scanning, the compound
represented by [Formula 9] did not show a high exothermic
peak within a temperature range from a starting point to 300°
C., and the compound has an estimated glass transition tem-
perature (Tg) of 225° C. or less. Increase in glass transition
temperature upon secondary scanning above the glass transi-
tion temperature upon primary scanning results from thermal
cross-linking reaction between ethynyl groups.

[0107] As shown in FIG. 35, when the film represented by
[Formula 9], cross-linked at 240° C. for 30 minutes, was
treated with toluene, the absorption spectrum was changed.
However, when the film represented by [Formula 9] was
cross-linked at the same temperature for SO minutes, there
was no change in the absorption spectrum. The absorption
spectrum did not change because the film represented by
[Formula 9] exhibits strong solvent resistance.

[0108] As shown in FIG. 3¢, the photoluminescence spec-
trum of the film represented by [Formula 9] had a wide width
and was red-shifted as compared with the solution repre-
sented by [Formula 9], and the photoluminescence spectrum
of the cross-linked film represented by [Formula 9] was dif-
ferent than that of the film represented by [Formula 9] which
was not cross-linked. The main photoluminescence peak of
the cross-linked film represented by [Formula 9] appeared at
a wavelength of 433 nm, which was red-shifted about 30 nm
from that of the film represented by [Formula 9], which was
not cross-linked, and the cross-linked film represented by
[Formula 9] had a wider full width at half maximum (FWHM)
0f 100 nm than the film represented by [Formula 9] which was
not cross-linked and had a FWHM of 42 nm As a result, it
could be seen that aggregation occurred during thermal cross-
linking and the density of the film and the packing degree of
a chromophore were increased. Once the hole transport layer
is aggregated, a hole transfer process due to hopping is pro-
moted or improved with increasing i-electron overlap in the
aggregate. In addition, the cross-linked film represented by
[Formula 9] has weak photoluminescence intensity and thus
canimprove color purity of the device by inhibiting formation
of excited dimers and/or excited complexes.

[0109] As shown in FIG. 34, the cross-linked film repre-
sented by [Formula 9] had a root mean square (RMS) surface
roughness of 0.2 nm, and was enough smooth to achieve
effective surface planarization of 1TO, which has an RMS
surface roughness from 3.0 nm to 3.7 nm.

[0110] (1-4) Energy Level
[0111] FIG. 4 is a cyclic voltammetry curve of a cross-

linked film prepared from the compound represented by [For-
mula 9].
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[0112] As shown in FIG. 4, HOMO and LUMO energy
levels of the cross-linked film represented by [Formula 9]
were calculated by a cyclic voltammetry (CV) method, and an
optical band gap thereof was measured. Here, the HOMO
energy level of the cross-linked film represented by [Formula
9] was calculated from an onset oxidation potential (E, (on-
set)) based on an energy level of ferrocene (4.80 eV) under a
vacuum  [Egon,0(eV)=E,  (onset)-E, ,(ferrocene)+4.80
eV]. In addition, the LUMO energy level of the cross-linked
film represented by [Formula 9] was determined from a dif-
ference between the HOMO energy level and the optical band
gap (E,) thereof [E; n0(eV)=Bruonotl,]l. Eipn of an
Ag/AgCl electrode in acetonitrile was 0.456 V.

[0113] The HOMO and LUMO energy level values and the
optical band gap of the cross-linked film represented by [For-
mula 9] were little changed after thermal cross-linking.

Example 2

Evaluation of Properties of Polymer Light Emitting
Diode Employing Cross-Linked Compound
Represented by [Formula 9]

[0114] After an ITO glass substrate, which was used as a
cathode, was cleaned and subjected to surface treatment by
exposing the surface of the glass substrate to UV, a solution
prepared by dissolving the compound represented by [For-
mula 9] in toluene was spin-coated onto the ITO substrate.
Then, the compound represented by [Formula 9] was cross-
linked by heating the spin-coated ITO substrate at 240° C. for
50 minutes. Poly(9,9'-n-dioctylfluorene-alt-benzothiadiaz-
ole) (F8BT, 35 nm, 1-material) was spin-coated (formation of
the emission layer) onto the cross-linked film represented by
[Formula 9], and calcium (20 nm) and aluminum (80 nm)
were sequentially deposited by thermal deposition under a
pressure of 107 torr, thereby preparing a polymer light emit-
ting diode (PLED). Here, the compound represented by [For-
mula 9] and a PEDOT: PSS layer had a thickness of 20 nm and
30 nm, respectively.

[0115] InComparative Example 1, a polymer light emitting
diode was prepared in the same manner except that, instead of
the cross-linked film represented by [Formula 9], PEDOT:
PSS (Al 4083) was spin-coated onto the substrate and
annealed at 150° C. for 10 minutes.

[0116] InComparative Example 2, a polymer light emitting
diode was prepared in the same manner except that, instead of
the cross-linked film represented by [Formula 9], quartz was
used.

[0117] Performance of each PLED was evaluated using a
Keithley 2400 programmable source meter and a Spectroscan
PR 650.

[0118] (2-1) Electrical Properties

[0119] FIG. 5a is an energy-level diagram of the cross-
linked film prepared from the compound represented by [For-
mula 9], FIG. 54 is a graph depicting electroluminescence of
the polymer light emitting diode, FIG. 5¢ is a graph depicting
current density and luminance depending on voltages of the
polymer light emitting diode, and FIG. 54 is a graph depicting
luminous efficiency of the polymer light emitting diode
depending on current density.

[0120] As shown in FIG. 5a, the cross-linked film repre-
sented by [Formula 9] had a higher LUMO energy level of
-1.85 ¢V than PEDOT:PSS (-3.40 eV), typically used as the
hole transport layer. As such, the cross-linked film repre-
sented by [Formula 9] has a higher LUMO energy level and
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thus functions as an effective electron blocking layer of
F8BT. which is a luminescent polymer, thereby improving
efficiency of the PLED. The reason for using F8BT, which is
a polyfluorene derivative, as the luminescent polymer is that
F8BT exhibits excellent photoelectrical properties such as
processability, atmospheric stability, thermal stability, high
photoluminescence efficiency. and electron mobility. Since
the HOMO energy level of the cross-linked film represented
by [Formula 9] is =5.10 eV, which is between that of ITO
(-4.80eV) and that of F8BT (-5.90 eV), holes can be rapidly
transferred. From these results, the cross-linked film repre-
sented by [Formula 9] may be used as the hole transport layer
of a high efficiency multilayer polymer light emitting diode
prepared by a solution process, due to excellent solvent resis-
tance, defect-free surface, excellent electron blocking and
hole transfer capabilities.

[0121] As shown in FIG. 55, the polymer light emitting
diode (Device A) employing the cross-linked film represented
by [Formula 9] as the hole transport layer and the polymer
light emitting diode (Device B) employing PEDOT:PSS as
the hole transport layer showed almost the same electrolumi-
nescence (EL) spectra, and light emission from the cross-
linked film represented by [Formula 9] was not observed from
both devices. This means that holes and electrons are recom-
bined in the emission layer.

[0122] As shown in FIGS. 5¢ and 54, Device A had a
maxinum luminance (L, ,,) of 13,600 cd/ecm? and a maxi-
mum luminous efficiency of 3.2 cd/A, which were 1.5 times
higher and 4 times higher than those of Device B (8,000
cd/em?, 0.78 cd/A), respectively. In addition, Device A
showed a lower current density of 790 mA/cm? and a slightly
higher driving voltage of 3.5 V than Device B (1,130
mA/cm?, 3.0 V). That is, performance of Device A was
improved. This result can be interpreted in two ways. First,
since the cross-linked film represented by [Formula 9] had
excellent electron and exciton blocking capabilities dueto the
high LUMO energy level, charge recombination in the emis-
sion layer becomes equilibrium. From the low current density
of Device A, it can be confirmed that the cross-linked film
represented by [Formula 9] has excellent electron blocking
capability. On the contrary, in Device B, since a considerable
amount of electrons were not recombined with holes, passed
through the F8BT and moved to the ITO through the PEDOT:
PSS layer having low electron blocking capability and high
conductivity, recombination efficiency of electrons and holes
is decreased in Device B, thereby lowering overall efficiency.
Second, since exciton quenching is decreased at the interface
between the cross-linked film represented by [Formula 9] and
F8BT. photoluminescence of F8BT is improved. The reason
why Device A has a slightly higher driving voltage than
Device B is that the cross-linked film represented by [For-
mula 9] has lower hole mobility than PEDOT:PSS
(107>~107* em*/(Vs)) due to non-conjugated vinyl groups.
[0123] (2-2) Exciton Lifetime

[0124] FIG. 6a is a graph depicting exciton lifetimes of 35
nm thick F8BT employing the hole transport layers prepared
in the inventive example and the comparative example, as
measured by time-correlated single photon counting (TC-
SPC); FIG. 6 is a graph depicting exciton lifetimes of 10 nm
thick F8BT employing the hole transport layers prepared in
the inventive example and the comparative example, as mea-
sured by time-correlated single photon counting (TCSPC);
FIG. 6¢ is a graph depicting exciton lifetimes of 65 nm thick
F8BT employing the hole transport layers prepared in the
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inventive example and the comparative example, as measured
by time-correlated single photon counting (TCSPC); and
FIG. 6d is a graph depicting exciton lifetimes depending on
thickness of the emission layer (F8BT).

[0125] In single photon counting analysis, second har-
monic generation (SHG=350 nm for [Formula 1], 420 nm for
F8BT) of a tunable Ti:sapphire laser (Mira900, Coherent),
which has a pulse width of 150 fs or less and a repetition rate
of 76 MHz, was used as an excitation source. Photolumines-
cence spectrum was analyzed using a photodetector and a
monochromator (Acton, SP-2150i), and ultrahigh speed
detection was performed using a TCSPC module (PicoQuant,
PicoHarp) provided with a MCP-PMT (Hamamatsu,
R3809U-59). The total IRF (instrument response function) of
PL decrease was below 150 ps, and temporal resolution was
below 10 ps. A time constant associated with exponential
decrease was determined through deconvolution of real fluo-
rescence decay and IRF using fitting software (FlouFit, Pico-
Quant).

[0126] FIG. 6a is a graph depicting exciton lifetimes mea-
sured by time-correlated single photon counting (TCSPC) to
prove capabilities of the hole transport layer, which inhibits
and/or reduces exciton quenching, and depicts a decrease
tendency of photoluminescence (PL) of F8BT. In FIG. 6a, an
exciton lifetime (1,,,) of the F8BT (35 nm thick) at 545 nm
was 1.82 ns when quartz was used as the hole transport layer,
whereas the exciton lifetime (t,,,) was rapidly decreased to
1.37 ns when PEDOT:PSS was used as the hole transport
layer. However, when the cross-linked film represented by
[Formula 9] was used as the hole transport layer, the exciton
lifetime (<,,,) was not significantly decreased and was 1.69
ns, which was about 93% the exciton lifetime (v,,,) of FSBT
when quartz was used. These results mean that exciton
quenching of F8BT at the interface of the cross-linked film
represented by [Formula 9] is much less than at the interface
of PEDOT'PSS.

[0127] As shown in FIG. 6d, when PEDOT:PSS was used
as the hole transport layer, the exciton lifetime (t,,,,) of F8BT
was greatly influenced by film thicknesses of F8BT. Exciton
quenching of F8BT at the interface of PEDOT:PSS in the case
of a thick film thickness (65 nm) was less than in the case of
a thin film thickness (10 nm). When the film thicknesses of
F8BT were 10 nm and 65 nm, decrease ratios of the exciton
lifetime (z,,,) were 47% and 20%, respectively. From these
results, it can be seen that a diffusion length of the exciton of
F8BT is 10 nm or less, and this value is similar to values
observed in other conjugated polymers. The reason that exci-
ton quenching of the thick F8BT film is less than that of the
thin F8BT film may be that chemical/physical quenching is
decreased due to an increased distance from the interface of
PEDOT:PSS to the exciton of F8BT. However, when the
cross-linked film represented by [Formula 9] was used as the
hole transport layer, exciton quenching of F8BT was signifi-
cantly decreased even though the film thickness of the F8BT
was 10 nm When the film thicknesses of the F8BT were 10nm
and 65 nm, decrease ratios of the exciton lifetime (t,,,) were
only 13% and 4%, respectively. From these results, it can be
seen that the cross-linked film represented by [Formula 9] has
excellent capability of inhibiting and/or reducing exciton
quenching, thereby reducing non-radiation decay while
improving performance of the device.

[0128] Although some embodiments have been described
herein, it will be apparent to those skilled in the art that these
embodiments are given by way of illustration only, and that
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various modifications, changes, alterations, and equivalent
embodiments can be devised without departing from the spirit
and scope of the invention. The scope of the invention should
be limited only by the accompanying claims and equivalents
thereof.

What is claimed is:

1. A hole transport polymeric compound represented by
[Formula 1]:

[Formula 1]

—(—g—gz—)—Lc —C—);(—c —c—)—
|| ||

wherein R, is selected from the group comprised of a C, to
C,, alkyl group, a C; to C,,, aryl group, and a C, to C;,
heteroaryl group including N, O or S; R, is selected from
the group comprised of a substituted or unsubstituted
triphenyl amine and a substituted or unsubstituted car-
bazole; and m and n are an integer from 1 to 50.

2. The polymeric compound according to claim 1, wherein
a substituent to triphenyl amine and carbazole of R, is
selected from the group comprised of a Cto C,, aryl group,
a C, to C;, heteroaryl group including N, O or S, and a
triphenyl amine group.

3. The polymeric compound according to claim 1, wherein
R, is selected from the group comprised of compounds rep-
resented by [Formula 2] to [Formula 5]:

[Formula 2]

[Formula 3]
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-continued
[Formula 4]

‘i‘
[Formula 5]

atats

4. The polymeric compound according to claim 1, wherein
the hole transport polymeric compound represented by [For-
mula 1] is polymerized by anionic polymerization or radical
polymerization.

5. A method for preparing a hole transport polymeric com-
pound, comprising: preparing a hole transport polymeric
compound represented by [Formula 1] by reacting a com-
pound represented by [Formula 8] with tetra-n-butylammo-
nium fluoride according to <Reaction Formula 1>

<Reaction Formula 1>

_(__2_)_(___)_(_ _)_
c—C Cc —C
2n

R]

—8i— —8i—

[Formula 8]

g o ¢
c—c & —c ¢ —c| -,
R2 Rl

[Formula 1]

wherein R, is selected from the group comprised of a C, to
C,; alkyl group, a C, to C, aryl group, and a C, to Cs,
heteroaryl group including N, O or S; R, is selected from
the group comprised of a substituted or unsubstituted
triphenyl amine and a substituted or unsubstituted car-
bazole; and each of m and n is an integer from 1 to 50.

6. The method according to claim 5, wherein the hole
transport polymeric compound represented by [Formula 8] is
prepared by reacting a polymer, in which compounds repre-
sented by [Formula 6] are continuously formed, with a com-
pound represented by [Formula 7] in the presence of potas-
sium naphthlenide, sec-butyllithium (sec-BuLi), or a radical
initiator according to <Reaction Formula 2>
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<Reaction Formula 2>

HC=CH,
R
R,—C=CH, + || —
[Formula 6] [Formula 7]

H Hz H
c—c c—c H,
2n | m
Rl Ry

—Si— —Si—

[Formula 8]

7. The method according to claim 6, wherein the polymer
is prepared by reacting the compound represented by [For-
mula 6] with potassium naphthalenide, sec-butyllithium (sec-
BulL.i), or a radical initiator.

8. The method according to claim 6, wherein the compound
represented by [Formula 6] and the compound represented by
[Formula 7] are mixed in a molar ratio from 1:0.2 to 1:0.8.

9. The method according to claim 5, wherein R, is selected
from the group comprised of hole transport compounds rep-
resented by [Formula 2] to [Formula 5].

[Formula 2]

[Formula 3]
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-continued
[Formula 4]

“
[Formula 5]
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10. A polymer light emitting diode comprising: a first
electrode; an organic material layer comprised of at least 2
layers including an emission layer; and a second electrode,
sequentially stacked in this order,

wherein at least one layer in the organic material layer
comprises the compound represented by [Formula 17:

Formula 1]

[
H Hz H
C—C C —C C _T -~ H,
R

wherein R, is selected from the group comprised of a C, to
C,, alkyl group, a C; to C,, aryl group, and a C, to C;,
heteroaryl group including N, O or S; R, is selected from
the group comprised of a substituted or unsubstituted
triphenyl amine and a substituted or unsubstituted car-
bazole; and each of m and n is an integer from 1 to 50.

11. The polymer light emitting diode according to claim
10, wherein the organic material layer comprises a hole trans-
portlayer comprising the compound represented by [Formula
1].

12. The polymer light emitting diode according to claim
10, wherein the compound represented by [Formula 1] is
thermally cross-linked on the first electrode.

13. The polymer light emitting diode according to claim
12, wherein the thermal cross-linking is performed at 200° C.
to 300° C. for 10 minutes to 60 minutes.

14. The polymer light emitting diode according to claim
10, wherein the emission layer has a thickness from 10 nm to
100 nm.

15. The polymer light emitting diode according to claim
10, wherein the emission layer comprises a binary compound
of ahost material and a phosphorescent or fluorescent dopant,
the host material being the compound represented by [For-
mula 1].
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