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ABSTRACT

In this paper we report on the ways to improve the light emission intensity and
photoluminescence (PL) properties of poly(p-phenylene vinylene), PPV, based
materials by means of doping, copolymerization and also by the use of a

vacuum/inert system . We doped the polymer with iron via utilization of the laser
ablation technique . Using this method, different amounts of iron were

incorporated to the polymer when the laser source was used for the periods of
60 and 120 s . The improvement of PL intensity was experienced for 60 s of
doping compared with undoped polymer. We also experienced improvement in
PL properties of PPV based materials when 2-methoxy-5-(2'-ethylhexytoxy)-p-
phenylenevinylene (MEH), 2,5-bis(chloromethyl)-methoxy-4-(2-cyclo-hexylelhyl-

oxy)benzene (MCHE)-PPV copolymer was used . A 1 :1 ratio of MEH-PPV and
MCHE-PPV was found to be the best ratio for an optimum PL intensity for this

copolymer . We also pointed out that the use of vacuum and inert environment
is crucially important in improvement of the tight emitted from the polymer. In the

final step of this investigation a computer algorithm was used to classify the
copolymers from doped polymers, which was carried out with very accurate

predictions of the different classes of the polymers under study.
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INTRODUCTION

The discovery of poly(p-phenylene vinylene), PPV,
and its properties that a plastic can be a source of
light [1–4] has been unanimously considered as a
breakthrough in the field of polymeric semiconduc-
tors and display devices . This can give scientists an
opportunity to develop new series of active media in
polymer-based light emitting devices . The discovery
of electroluminescence (EL) in PPV also triggered
intense research for optoelectronic devices based on
conjugated polymers. Due to its good processability
and high thermal stability, PPV is now one of the
most attractive materials for polymer light emitting
devices [5].

Recent advances with polymeric EL materials
are also enabling the development of low power [1],
light-weight [2] and high contrast displays . Various
materials have been already employed to generate
blue, green and red emitters [6–8].

The major emphasis in organic light emitting
devices (OLED) has been on materials with high
photoluminescence (AL), good processibility, and
improved charge transporting properties and long
operating life times . For the fabrication of organic EL
devices amorphous glassy materials are required to
avoid problems associated with grain boundaries
present in polycrystalline materials . This is an
important consideration in development of OLEDs for
flat panel display applications. With respect to this
application there are three main fundamental issues to
be noted : full colour capability, PL and EL intensities
and stability.

In this paper we concentrate on the PL and EL
intensities of polymeric light emitting devices and
how to improve these intensities via doping, copoly-
merization and the use of a vacuum set-up. We also
demonstrate an example of the application of engin-
eering software in the classification of polymers and
copolymers studied in this report.

EXPERIMENTAL

First the synthesis of poly(2-methoxy-5-(2'-ethyl-

hexyloxy)-p-phenylene vinylene), MEH-PPV, was
carried out. The polymer was highly soluble in
common organic solvents such THF, chloroform,
methylenechloride, 1,2-dichloroethane and DMF, etc.

We obtained MEH-PPV film from spin coating
on the glass followed by doping of iron by laser
ablation [9–11] at different times (60 and 120 s) . The
laser ablation set up has been already reported
elsewhere [12] . The laser ablation of metal targets
was performed by using the fourth harmonic of
Nd :YAG laser (X–266 nm, Spectra-Physics GCRI 50-
10) with pulse duration of 5 ns and repetition rate of
10 Hz . The laser beam was focused using a lens (f=30
cm) onto a rotating metal target at an incident angle of
45 ' . The substrate (glass coated with polymer) was
mounted 2 cm away from the target. The base
pressure of the ablation chamber was 2xl0 Torr.
The chamber was filled with 200 milli Torr of He to
form a plume in a confined volume between the metal
target and the substrate during laser ablation . Metal
target (Fe) was provided by Nilaco and monomers
were supplied by Aldrich.

In the copolymerization process of MEH/
MCHE PPV and that of MEHIMCHM (methoxy
cyclohexylmethoxy) PPV, the monomers were mixed
in THF . After 18 h of reaction the mixture was
transferred into 50 mL of methanol with stirring . The
resulting red precipitate was washed with methanol
and filtered by suction filtration . The product
(MCHEIMEH PPV copolymer) was dried and kept
under vacuum before use.

The thickness of the samples were measured by
Alpha-Step 500 (Tencor Instruments) . For PL
measurements, Ar laser light at 488 nm was used for
excitation . PL measurements for samples fabricated
by laser ablation were carried out according to the set-
up already reported [13] . All experiments were
carried out at room temperature . The EL measure-
ments and light emissions for polymer were carried
out under air and vacuum environments. A Keithley
I95A current-meter and Keithley 230 voltmeter were
used as current and volt measurement devices,
respectively, during the light emission process.

In the computer classification section an
engineering machine learning software named C4 .5
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program [14], used for model production in these
experiments, was executed under a SUN operating
system on an IBM compatible machine.

RESULTS AND DISCUSSION

Doping Method
The doping process has been considered as an option
to enhance the display properties of the organic light
emitting materials [15,16] . However, laser doping is
found to be a unique technique in incorporating a
metal target to a polymer matrix [11], The generation
of atomic and molecular species by laser ablation of
solid targets have been studied since the advent of
laser [17] . As solid targets are irradiated by high
intensity pulsed lasers, a laser-induced plasma plume
consisting of' atoms, ions, molecules, clusters as well
as electrons is generated . In particular, the average
kinetic energies of ions are typically in the range of
tens of electron volts . Such high-energy ionic species
with narrow energy distribution would be certainly
beneficial to the incorporation of metal ions into
polymer substrates . As illustrated in Figure 1 with
application of a laser source metals could be
evaporated and incorporated to the polymer electrode.

Using this laser doping technique different
amounts of iron were incorporated into the polymer

Metal target

	

(Fe)

Figure 1 . Illustration of the metal incorporation into the
polymer via evaporation of meta! using a laser source.

by increasing the time (from 60 to 120 s) consumed
during the laser ablation . The PL spectra for Fe
incorporated in MEH-PPVs are presented in Figure 2.
As can be seen from the figure the profile for
incorporation of 60 s of Fe provided not only better
PL intensity than its 120 s counterpart as illustrated
here but also better than what reported for undoped
polymer [11,13] . Using small amount of Fe may
increase the mobility of excitations in the delocalized
tt-electron resulting in higher photon flux density and
lower reflectivity within the polymer chains at metal/
polymer interface resulting in better PL intensity . We
have previously noted this when we reported on the
effect of transition metals (Fe, Ni, and Cu) on the
display properties of organic materials [11,13] . If the
metal is incorporated more than an optimum amount it
may cause disorder within the polymer chains and
create higher reflectivity and lower photon flux
density.

Copolymerization
Conjugated polymers have well defined optical
emission and absorption characteristics . These poly-
mers also present interesting mechanical properties . A
strategy that permits emission control in a way similar
to the variation of oligomer molecular mass, but
without loss of the useful mechanical properties of
polymers, is the use of block copolymers [18--20] . It
has been recently reported that MCHMIMEH PPV

30 Fe Bos
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Figure 2 . PL spectra for MEH-PPV lopped with iron at two
different times via laser ablation method .
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block copolymer with 1 :1 ratio could produce an
organic material with much better PL properties than
MEH-PPV (single pol)_ner) itself [12] . In this report
we illustrate that if MCHM is replaced with MCHE,
even greater improvement in PL intensity could be
experienced. MCHE/MEH PPV was produced based
on the chemical reaction as in Scheme I.

A comparison between the PL profiles
(obtained with the same procedure as reported in the
experimental section) between MCHEIMEH PPV and
MCHMIMEH PPV copolymers can be easily made if
Figure 3 is carefully examined.

The MCHEIMEH PPV copolymer not only
shows higher PL intensity but also greater integrated
area, which are related to the greater light emission
intensity . It is our assumption that in the block
copolymer of MCHEIMEH PPV not only the mobility
of excitations is increased compared with the
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Figure S. PL spectra for MCEHI MEH PPV and MCHMIMEH

PPV copolymers .

MCHM/MEH PPV copolymer, but also less
excitation emission is trapped within the copolymer
chains which results in much better PL intensity.
Moreover the effective hole mobility might have been

increased when MCHFJMEH PPV copolymer is used
due to improvement in the charge transportation
within the emitter layer [18-20].

Light Emission Study in Vacuum and Air
A major factor determining the overall EL intensity
and efficiency of OLEDs is the injection of electron
and holes at the respective electrode/polymer inter-
faces. Electron injection into the conduction band of
the polymer medium is usually accomplished using a
metal with low work function, which is applied to the
conjugated polymer surface by physical vapour
deposition (PVD) . Typically, but not exclusively,
glass coated with the degenerate semiconductor
indium-tin oxide (ITO) is used as the hole-injecting
contact in OLEDs [21] . The large optical band gap of
ITO allows visible light to escape from the active
light generation medium (the polymer in this study).
A typical organic or polymeric light emitting diode
consists of a hole-injecting contact, a hole transport
layer, a light emitting layer, an electron transport
layer and electron injecting contact in order (as shown
in Figure 4) . The various layers are typically, but not
exclusively, less than 100 nm thick . If a DC potential
is applied between the cathode and the anode,
electrons and holes recombine in the light-emitting
layer, creating an excited state which decays to the
ground state by emitting a photon [22].

Using this device we were able to produce
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Figure 4 . Typical structure for an organic light emitting
device.

much better light emission in vacuum (as shown in
Figure 5) compared with those already reported by us
in air [23].

To produce such intensity of light the
following vacuum set up was used.

We agree with other reports in the literature
that the light emission of the oxygen-sensitive EL
polymers could be reduced in air. It is interesting to
note that the degradation of the polymers happens by
their own emitted light in an oxygen environment
[24-26] . This is due to the fact that oxygen in the
presence of the excited photons from the polymer
could result in inter-chain interactions in the
conjugated polymer films creating chemical groups,
such as the case of 4-vinylbenzoic acid, which is an

figure 5. Illustration of light emitted from the polymeric
device in a vacuum and inert environment.

Figure 6. The vacuum set up used during the light intensity
measurement experiment.

indication of photodegradation of the polymer [27).

Computer Classification
Several computer algorithms, including artificial
neural networks and artificial intelligence based soft-
ware, have been previously used to classify different
polymeric systems in the areas as diverse as ion
detectors, pH sensors and bio-sensors [28-34] . In the
last section of this research we demonstrate the use of
C4 .5 [14] machine learning in the classification of
doped polymers and copolymers.

A C-language program implemented, specific-
ally for the purpose of these experiments, was used
for pre-processing . Every logged file was read, and
each measurement was combined with the relative PL
data and the name of the involved polymer/
copolymer . Later, all the training cases were copied
into one single file under a format recognized by the
program. Finally, the classification of the doped
polymer and copolymers was done based on the rules

Table 1 . Classification of doped and copolymers used as
OLEO materials in this study by the use of C4 .5 machine
learning algorithm .

(a) (b) (c) Classification

97 1 2
(a) : class Fe doped

MEHIPPV

2 95 3
(b) : class MCHM/MEH PPV

copolymer

1 99
(c) : class MCHEIMEH PPV

copolymer
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generated by the algorithm . A summary of such
classification is reported in Table 1 . As can be
observed from the table, the modeling was performed
with prediction and classification of our threp OLED
systems with high accuracy and only with errors of
5%, 3% and 1% for Fe doped polymer, MCHM/MEH
PPV copolymer and MCHE/MEH PPV copolymers,
respectively. This suggests that these systems can be
easily recognized from each other, by the use of C4 .5
algorithm, if PL data of an unknown sample of these
systems are examined.

CONCLUSION

We found that the physical incorporation of iron into
the polymer matrix could improve the PL intensity of
the polymer if an optimum amount of Fe could be
incorporated to MEH-PPV using the laser ablation
method . It has been experienced that any application
of the laser source more than 60 s during doping
process could decrease the PL intensities of the
resultant doped polymers. We also pointed out that
the copolymerization of MCHFJMEH PPV with 1 :1
ratio could even improve the PL intensity much
greater than what already reported for MCHM/MEH
PPV copolymer. To study the photo-oxidation of the
polymer by its own light during light emitting process
we compared our new results in vacuum/inert
environment with those that we obtained previously in
air. There is no doubt that photo-oxidation in air
happens in the presence of the photons emitted from
the light emitter layer (the polymer) which decompose
polymer to different chemical groups . The decompo-
sition of the polymer decreases the intensity of the
emitted light very rapidly.
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