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Abstract

Part 1: A novel polyfluorene copolymer
(PF-OXD) was synthesized by attaching two
electron-deficient, 4-tert-butylphenyl-1,3,4-
oxadiazole groups onto the C-9 position of
the alternating fluorene unit to form a 3-D
cardo-structure. This polymer possesses a
very high 7, (213 °C) and very good thermal
stability due to its rigid cardo-linkage. The
results from the photoluminescence
measurements of the isothermal heated

-/ RNl

PF-OXD thin film (150 °C for 20 h) show
that the commonly observed
aggregate/excimer formation in
polyfluorenes is very effectively suppressed
in this polymer due to its 3-D structure and
high 7,. A double-layer LED device using
this polymer as the emitting layer shows a
bright blue emission with a low turn-on
voltage at 5.3 V and a high brightness of
2770 cd/m® at a drive voltage of 10.8 V.
The maximum external quantum efficiency
is 0.52 % at 537 cd/m* with a bias of 7.4 V.
The improved device performance over that
of POF may be due to better charge
injection and transport from PF-OXD and
the efficient energy transfer from OXD side
chain to the polyfluorene main chains.
(Wu, F. —I.; Reddy, D. S.; Shu, C. —F.; Liu,
M. S.; Jen, A. K. -Y. “A Novel
Oxadiazole-Containing Polyfluorene with
Efficient Blue Electroluminescence”
Chem. Mater. 2003, 15, 269.)

Part 2: A series of polyfluorenes containing
pendant poly(benzyl ether) dendritic wedges
of different generations was synthesized via
the macromonomer approach, and then
characterized by their structures and
properties. The dendritic monomers were
prepared by coupling benzyl
bromide-functionalized  dendrons  with
9,9-bis(4-hydroxyphenyl)-2,7-dibromofluor
ene and were subsequently copolymerized
with a 9,9-dioctylfluorene  diboronate
derivative by the Suzuki coupling reaction
to give the target alternating copolymers.
Photophysical studies reveal that the
photoluminescent  properties  of  the
dendronized polymers are greatly affected
by the size of the dendritic side chains.
Polymers appended with higher generation
dendrons exhibit an enhanced



photoluminescence efficiency and an
improved luminescent stability. This is
attributed to the shielding effect induced by
the bulky dendrimer side chains, which
prevent self-quenching and suppress the

formation of aggregates/excimers. (Chou,
C. -H.; Shu, C. —-F. “Synthesis and
Characterization of Dendronized
Polyfluorenes” Macromolecules 2002, 35,
9673.)

Keywords: polyfluorene; LED device;
dendrons.

= ~ Introduction

Part 1: Since the discovery of
polymer-based light-emitting diodes
(PLEDs) in 1990,' considerable progress has
been made in the development of new
conjugated polymers and exploration of
their applications in displays.”  Organic
luminescent polymers are attractive due to
the flexibility in fine-tuning their
luminescent  properties  through  the
manipulation of chemical structures, and the
feasibility of combining spin-coating and
printing processes for large-area flat panel
displays. In full color display applications,
polymer with large energy band gap that can
efficiently emit blue light and can also serve
as the energy-transfer donor in the presence
of lower energy fluorophores is highly
desirable.” Polyfluorenes (PF), with their
high  photoluminescence  (PL) and
electroluminescence (EL) efficiencies, are
among the most promising candidates as
blue-emitting  polymers.* The facile
functionalization at the C-9 position of the
fluorene unit provides the opportunity to
improve  both  the solubility and
processability of the resulting polymers,
while offering the ability to reduce
inter-chain interactions,” and cross-linking
side reactions.® It also offers a good
mechanism to improve the charge-injecting
or -transporting properties of the polymers if
either an electron- or a hole-transporter can
be directly attached onto this position.
Herein, we report the synthesis and

characterization of a  fluorene-based
alternating copolymer containing oxadiazole
moieties with their phenyl end group
directly attached to the C-9 carbon in every
alternating fluorene unit. Our motivation
for the synthesis of this novel copolymer can
be explained in 3-fold. First, since PF has
been proved to be a better hole-transporting
polymer, the incorporation of an
electron-deficient oxadiazole group will
result in an increased electron affinity and
transporting properties of the polymer,
leading to a more balanced charge
recombination in the polymer emissive
layer.” Second, the 3-D cardo-oxadiazole
structure linked on the C-9 position may
help preventing n-stacking between
polymer chains and suppressing the
formation of excimers in the solid state.
Furthermore, the rigidity of the main chain
will be preserved, yielding a polymer with a
much higher glass transition temperature
and better thermal stability. Third, the sp’
carbon (C-9) serves as a spacer to
effectively block the conjugation between
the oxadiazole side chains and the polymer
backbone.® Thus, the conjugation and the
integrality of the emission spectrum of the
PF main chain will be remain unperturbed.

Part 2: Since the discovery of
polymer-based light emitting diodes (PLEDs)
in 1990,' considerable progress has been
made in the development of new conjugated
polymers and in the performance of related
LEDs.” Organic luminescent polymers are
attractive due to the flexibility in fine tuning
their luminescent properties through the
manipulation of chemical structures, along
with the feasibility of utilizing spin-coating
and printing processes for large area display
devices. Polymers with large energy band
gaps that emit blue light efficiently are of
special interest; these materials are desired
for full color display applications and also
serve as energy-transfer donors in the
presence of lower energy fluorophores.’
Due to their high photoluminescence and
electroluminescence efficiencies,
polyfluorenes are among the most promising



candidates for blue-emitting polymers.*
However, a major problem  with
polyfluorenes concerns their tendency to
form long-wavelength aggregates/excimers
in the solid state upon heating.” This leads
to issues of color instability of the light
emitted from LEDs fabricated with
polyfluorenes.

Dendritic macromolecules are
characterized by a central polyfunctional
core, from which monomeric units with
branching points arise successively. This
results in a nearly entanglement-free, highly
branched polymeric structure with a well
defined  three-dimensional  architecture.’
Dendronized polymers, consisting of a linear,
polymeric core appended with dendrons or
dendrimers, form another «class of
macromolecules which is presently being
given considerable attention.” There are
two principally different synthetic routes to
dendronized  polymers. In  the
macromonomer route, the desired dendrons
are attached to the monomer unit before
polymerization.® In the attach-to route, the
polymers which become the core in the final
product possess anchor groups to either
convergently or divergently attach a dense
sequence of dendrons.” The dendronized
approach has been applied to polymers with
conjugated polymer backbones such as
poly(p-phenylene),' poly(p-phenylene-
vinylene),!' poly(p-phenyleneethynylene),'?
and poly(thiophene).”” Recently, Miillen et
al. reported polyfluorenes appended with
polyphenylene dendrons, anticipating that
the incorporation of the three-dimensional
dendritic side chain to the light-emitting
polymer would improve its luminescent

activity.' While this paper was in
preparation, Carter et al. reported the
synthesis of dendronized polyfluorenes

containing “Fréchet-type” dendrons, with
their focal benzyl group directly bonded to
the C-9 carbon of the fluorene units.'>'
Both groups demonstrated that the shielding
effect provided by the dendritic side chains
on the conjugated polyfluorene backbone
suppresses the formation of

. 14,16
aggregates/excimers. More recently,

Fujiki group reported an unsymmetrically
substituted polyfluorene bearing a bulky
poly(benzyl ether) dendron and a less bulky
3,6-dioxaoctyl group in the C-9 position and
showed that this polymer gives a pure bluish
photoluminescence with negligible excimer
emission around 520 nm."”

The facile functionalization at the C-9
position of the fluorene unit provides the
opportunity to improve both the solubility
and processability of the resulting polymers,
while offering the ability to control
interchain in‘[erau:tions,14’16 Cross linking,18
and the charge-injecting or -transporting
properties of the polymers.'*?° Herein, we
report the synthesis and characterization of
fluorene-based  alternating  copolymers
containing poly(benzyl ether) dendritic
wedges as side chains, with their benzyl
focal  point  attached  through a
4-hydroxyphenylene spacer to the C-9
carbon in every alternating fluorene unit.
The extended 9,9-bis(4-hydroxyphenyl)-
fluorenyl core is easily accessible, and will
offer the following advantages. First, it
avoids the direct attachment of benzyl
groups to the fluorene unit. The benzyl
linkages at the C-9 position of polyfluorenes
are potentially susceptible to photooxidation,
which may cause polymer degradation and
device failure in polymer LEDs.*'
Second, the extended core reduces steric
hindrance and offers easy access to the
introduction of high generation dendrons
with bulky frameworks into the fluorene
unit.*! In addition, the coupling of
“Fréchet-type” dendrons with the extended
fluorenyl core is readily available via the
Williamson ether synthesis to afford the
desired macromonomers. Third, the
insertion of a rigid phenylene spacer
between the dendritic side chain and the
polymer backbone may lead to a more
efficient shielding effect on the polyfluorene
main chain, while not blocking the reaction
sites of the macromonomer from the
palladium-catalyzed polymerization
reaction.



= ~ Results and Discussion

Part 1: We have developed a novel
polyfluorene  copolymer  with  two
electron-deficient, 4-tert-butylphenyl-1,3,4-
oxadiazole groups functionalized on the C-9
position of the alternating fluorene unit to
form a 3-D cardo-structure. This polymer
possesses a very high 7, (213 °C) and very
good thermal stability. The results from
the photoluminescence measurements of the
isothermal heated PF-OXD thin film (150
°C for 20 h) show that the commonly
observed aggregate/excimer formation is
very effectively suppressed in this polymer
due to its 3-D structure and high 7,. A
double-layer LED device using this polymer
as the emitting layer shows a bright blue
emission with a low turn-on voltage at 5.3 V
and a high brightness of 2770 cd/m® at a
drive voltage of 10.8 V. The maximum
external quantum efficiency is 0.52 % at 537
cd/m” with a bias of 7.4 V. The improved
device performance over that of POF may
be due to better charge injection and
transport from PF-OXD and the efficient
energy transfer from OXD side chain to the
polyfluorene main chains.

Part 2: Using the macromonomer
approach, we have synthesized dendronized
polymers consisting of a conjugated
polyfluorene backbone appended with
different generations of poly(benzyl ether)
dendritic  wedges."” The dendritic
monomers were prepared by coupling
“Fréchet-type” benzyl bromide dendrons
with 9,9-bis(4-hydroxyphenyl)-2,7-dibromo-
fluorene (2) via the Williamson ether
synthesis, and then copolymerized with the
diboronate (4) by the Suzuki coupling
reaction to afford the alternating copolymers.
Photophysical studies revealed that the size
of the dendrimer side chain has a significant
influence on the luminescence activity of the
dendronized  polymers. The large
framework of higher generation dendrons,
such as [G3], is likely to sufficiently
encapsulate the conjugated backbone as a
“shell.”  This not only  prevents

self-quenching, but also  suppresses
aggregate/excimer formation, leading to an
enhancement in PL  efficiency and
luminescent stability. These results
demonstrate that PF-G3 is a promising
candidate for blue-emitting polymer LEDs.
The application of this polymer as an
emitting material in electroluminescent
devices is currently under study.
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