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Since the first report of polymer light-emitting diodes based
on poly(p-phenylenevinylene) (PPV) by the Cambridge group.’
a great deal of effort have been devoted to the synthesis of
light emifting polvmers because of several advantages over
small organic molecules. such as excellent mechanical pro-
perties and simple fabrication method of spin casting etc.>*
Many conjugated polymers including PPV, poly (2-methoxy-
3 2-ethylhexyloxy)-1 4-phenylenevinylene) (MEH-PPV)?
poly(p-phenylene) derivatives (PPPs).* polyfluorene deriva-
tives (PFs).° and polythiophene derivatives (PThs)’ have
been synthesized for as emissive and/or charge-transporting
materials in polymer light-emitting diodes (PLED). However
some important issues such as balancing of charge injection.
device stability. and color funability remain to be addressed.

To improve the device efficiency of PLEDs. it is necessary
to balance the rate of injection of electrons and holes from
opposite electrodes into the device. For the most of conju-
gated polymers including PPV derivatives. the barrier of
electron injection is much higher than that of hole injection.
Therefore. many substituents including cyvano. oxadiazole.
triazole. pyridine. qunoxaline. thiadiazole etc. which have a
high electron affinity have been introduced 3

It is known that dipheny lanthracene has PL quantum vield
of wnity. good electrochemical property and orthogonal struc-
ture between anthracene and substituted phenyl ring "2
Therefore. LED’s containing diphenylanthracene as emitting
unit are expected to have lugher EL quantum vield, long life-
timie and blue color.

In this study. we designed new blue enuitting polvmer,
polv(aryl ether), which 1s composed efficient dipheny] anthr-
acene moiety and benzoxazolyl phenylene moiety with high
electron affimty for charge balancing. The linkages in the
backbone improve both the solubility and the processability.
Further. this oxvgen linkage linuts the conjugation length.
Confinement of the effective conjugation has proved to be
an efficient means for blue sliftening the spectrum, because
the comjugated emitters can allow charge carriers to form.
but not to diffuse along the main chain. This electronic
localization results in a large band gap. which decreases with
conjugation length.

A new polv(diphenylanthracene-benzoxazolyl phenylene).
polv(DPB), was prepared by nucleophilic displacement of
9,10-bis(4'-hvdroxyphenyl)-2-alkylanthracene and 1-(2-
benzoxazolyl)-2',6'-difluorobenzene as shown in Scheme 1.
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Nucleophilic displacement reaction of aryl halide with phenol
usually needs catalyst to enhance reactivity and vield. How-
ever, aryl halide become more susceptible toward nucleo-
philic aromatic substitution when it was activated by a sub-
stituent that can also accept the negative charge developed
through the formation of a stabilized transition state. Benz-
oxazolyl benzene has the electron withdrawing ability so
that 1t can activate nucleophilic displacement reaction. The
number average molecular weight of polymer was controll-
ed by the ratio of the two bifunctional monomer. After
polymerization was completed. excess 1-(2'-benzoxazolyl)-
2 6'-difluorobenzene was added for end-capping of hydroxy
group. because it was known that hydroxy group could
quench photoluminescence of polymer.

The elemental analysis result and spectroscopic analysis
of polymer agreed with its chemical composition. The solu-
bility of the polymer 1s very good in conunon organic solvents
such as chloroform. toluene, or tetrahvdrofuran. The GPC
measurment of the obtained polymer with polystyrene as the
calibration standard shows the weight average molecular
welght (Mw) was 16000 with the polydispersity index of
1.3. Thermal transition property of the polymer was mvesti-
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Figure 1. UV-absorption (---} and photoluminescence spectra of
poly(DPB) in chloroform solution (---), and the solid photolumme-
scence spectrum (--- -) and electroluminescence spectrum ( — ) of
polv(DPB).

gated usmg a DSC. The polvmer exlubit glass transition
temperature (Tg) at 129 °C. The decomposition temperature
In mitrogen was estunated by a TGA thermogram. The
polvmer has good thermal stability up to 400 °C. The excell-
ent thermal properties pronuse that the polvmer could endure
the high temperature in the process of fabrication and oper-
ation.

The UV-vis absorption spectra of the obtained polvmer in
CHClI; solution has maxima at 270. 332, 378 and 399 nm.
which are characteristic diphenyvlanthracene peaks (Figure
). Upon UV excitation, solutions of the polvmer exhibit the
very mtense fluorescence with a maxima at 430 and 440 nm
(Figure 1). The fact that the emission band 15 much namrow
than the absorption band and shows well resolved vibronic
bands is consistent with the emission from localized excited
states. most likely after a migration of the excitons along the
pol¥mer main chain to segiments that represent low energy
states. The photoluminescence quantum vield of the polvmer
in chloroform solution was measured to be around ® =
(.72 £ 10% upon excitation at 365 nm. '

Homogeneous and pinhole-free thin film could be obtain-
ed by spin-casting from CHC]; solution. The solid PL spec-
trum is almost same PL spectrum of the solution (Figure 1).
The polymer film with 130-150 nm thickness was prepared
by spin-casting on a glass substrate covered with on ITO
conducting laver (anode). The alununum electrode (cathode)
was then evaporated on to it /7 vacuo. The electrolumine-
scence from the ITO/Polv(DPB)/Al device shows the
maximun at 440 nm (Figure 1). The electroluminescence
spectrum 1s sunilar to the PL spectrum of polv(DPB). It
indicates that the same excited states are mvolved in the two
processes. Figure 2 represents tyvpical cumrent-voltage and
luminescence-voltage measurments in a device. Current and
light arise at almost the same voltage, which increases with
the film thickness. The polvmer has turn-on voltage at 20 V
in a 130 nm thick film. The light emitted from the device
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Figure 2. Light-voltage and cument-voltage plots of ITCQ/
polv(DPE Al device.

appears blue n color and 1s clearly visible in daylight.

Now we are pursuing the study of the devices with present
polymer and hole transporting polymer by using Ca elec-
trode. which we expect to be more efficient devices with
lower tum-on voltage.
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