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The resistance to photodegradation of poly[(2-methoxy-5-n-hexyloxy)-p-phenylene vinylene] (OC,OC,-PPV) films was signifi-
cantly enhanced by the use of poly(vinyl alcohol) 99% hydrolyzed as protective coating. The deposition of poly(vinyl alcohol) onto
OC,0C;-PPV films did not affect the absorption and the emission spectra of the luminescent polymer. The protected film showed
5% drop on the absorbance at 500 nm after 270 hours of light exposure while the unprotected film completely degraded in the same
conditions. The conductivity of the protected film remained stable (around 7 x 107'% S/m) while the value for the unprotected one

dropped around two orders of magnitude after 100 hours of light exposure.

1. Introduction

Poly(p-phenylene vinylene), PPV, derivatives have been
widely explored for applications in optoelectronics such as
photoluminescent devices, light-emitting diodes, and sensors
[1-3]. Despite their wide range of possible applications,
the PPV derivatives are highly susceptible to photodegra-
dation, by the combined action of light and oxygen. The
photodegradation reaction involves mainly the vinyl group,
leading to the formation of carbonyl groups, reducing the
conjugation length and, in further stages, leading to chain
scission [4-14]. The photodegradation occurs in solution
or in the solid state, causing a decay in the absorbance
intensity and a blue shift in the absorbance and, consequently,
in the emission spectrum of the polymer. In solid state,
the photodegradation is thickness dependent due to mainly
two factors. The first factor is the difference in the light
intensity through the thickness of the material due to the
light absorption. The light intensity should be maximum
at the surface and decrease exponentially with the increase
in thickness (Lambert’s law) [15]. The second factor is

the oxygen concentration throughout the material, which
depends on the oxygen diffusion through the film [11]. Some
approaches have been used in order to prevent or at least try
to minimize the photodegradation in the PPV derivatives.
An alternative is the use of different encapsulations [16-
21]. In a previous paper [16], we presented some results
on the use of polymer protective layers aiming to reduce
the effects of the photodegradation PPV derivatives. We
observed that, among the several polymers’ tested, poly(vinyl
alcohol) (PVA) which is 99% hydrolyzed and deposited onto
films of poly(2-methoxy-5-hexyloxy-p-phenylene vinylene)
(OC,0C4-PPV) remarkably reduced the photodegradation
of these films. However, PVA is water soluble and can
absorb water at room conditions. Then, the effect of this
protective layer on the electrical properties of OC,0C,-
PPV has to be explored prior to its use in conductivity-
based devices. In this paper, thin films and single layer
devices fabricated with OC,OC,-PPV and coated with PVA
were submitted to continuous white light exposure and their
optical and electrical properties, such as conductivity and
electroluminescence, were explored.



2. Experimental

Cast films of OC, OC4-PPV (ca. 300-400 nm thickness) were
deposited onto glass substrates, indium tin oxide (ITO) or
interdigitated chromium-gold array at room temperature in
the dark [22] from chloroform solutions (0.3 mg/mL). The
PVA coatings were prepared by dipping the samples into
a 2wt% solution of PVA 99% hydrolyzed in ethanol-water
mixture and drying them under reduced pressure at 40°C,
yielding a = 1pm layer. The gold array was prepared by
lift-off lithography with 100 lines of 5mm length electrodes
with 100 nm of thickness, separated by 10 ym of distance.
Photodegradation experiments were performed with a white
light from a halogen lamp (50 W, 12 V-Osram) placed at
a fixed distance from the samples, yielding 17 mW/cm?* of
power at the sample surface. These irradiations were per-
formed at room atmosphere at 25°C. UV-Vis absorption
measurements were carried out in a HITACHI U-2001 spec-
trophotometer in the range between 400 and 650 nm. The
emission spectra of the film (A, = 490 nm) and the emis-
sion spectra of the device (current applied = 6 mA) were
recorded in a Shimadzu 5301 PC spectrofluorimeter. All films
used in the photodegradation measurements presented the
same optical density in order to avoid the effect of film
thicknesses on photodegradation. The device used to record
the electroluminescence spectra was ITO/OC,OC,-PPV/Al;
the OC,0C¢-PPV active layer was made of cast film from
0.25 mg/mL chloroform solution (ca. 300 nm). In this case,
the PVA layer was applied over the aluminum layer. A 90 nm
thick Al cathode was vacuum evaporated (107° Torr) and
with an active area for the devices of 0.12 cm®. The electrical
behavior was carried out by measuring the current versus
voltage at room conditions with a Keithley238 high voltage
source-measure unit.

3. Results

The characteristic current versus electrical field curves do
not show significant differences with the use of PVA as
coating, as shown in Figure 1. The onset voltage of the device
coated with PVA was around 5V, which is similar to other
devices of OC,OC,-PPV made from cast films and the same
configuration [23-25].

The absorption in the visible region of the cast films
with and without the PVA coating showed no significant
differences, and the maximum wavelengths of absorption
are at 500 nm (Figure 2). The same result was obtained for
the photoluminescence (PL) and electroluminescence (EL)
spectra of these films, as also shown in Figure 2 and its inset.
The emission wavelength of the zero-phonon transition was
about 590 nm for all samples. It is worth to note that the
values of absorbance, PL and EL, of protected film are nearly
the same of the neat film since the protective coating is
completely transparent and does not absorb or have emission
on the visible range and all the film production and the
coating processes are performed in dark. Extreme care should
be taken to reproduce intensity values of the photo- and
electroluminescence spectra of OC,OC¢-PPV because even
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FIGURE 1: Current versus electrical field of ITO/OC,OC4-PPV/Al,
neat and coated with PVA.
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FIGURE 2: Visible, photoluminescence, and electroluminescence
spectra of OC,OCy-PPV films with and without a PVA coating. The
electroluminescence spectra were carried out onto ITO/OC,0Cq-
PPV/AI (neat and coated with PVA).

the ambient light degrades the neat film. Also, very short
exposures to the excitation light have to be used to record
the photoluminescence spectra of these films in ambient
conditions.

The electroluminescence of two single layer devices
of OC,0C4-PPV (ITO/OC,0C4-PPV/Al), neat and coated
with poly(vinyl alcohol) over the aluminum layer (as in inset
of Figure 3), was recorded continuously for 300 seconds at
ambient conditions as shown in Figure 3. After the turn-on,
the devices presented some instability due to the electrical
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FIGURE 3: Normalized electroluminescence decay for the
ITO/OC,0C,-PPV/Al cast film and ITO/OC,OC,-PPV/AI
cast film coated with PVA. The lines are only to guide the eyes.

contacts. After 150 seconds of stabilization, the coated device
presented 60% of the initial emission intensity while the
neat one presented just 40%. Studies on the effects of the
luminance and lifetime of the devices are subject of future
works. For single layer devices, interface and Joule effects
are more pronounced in long-term experiments which is
required for lifetime studies, turning the results more compli-
cated to analyze properly. Build-up of multilayer devices can
introduce more variables in the analysis turning the system
even more complicated to reach a clear conclusion. Therefore,
long-term experiments of light exposure were performed
only with optical and conductivity measurements and not
with the devices.

The absorption spectra of OC,OC,4-PPV cast film with-
out the poly(vinyl alcohol) coating, taken after several peri-
ods of exposure to the white light, showed a behavior similar
to the one observed in earlier reports [13, 14]. The absorbance
initially decreases without changing the line shape of the
spectra or the wavelength of maximum absorbance and, in a
further step of the degradation, the spectra are blue shifted
while continuously decreasing the maximum absorbance
values [14]. However, when the cast film is coated with
poly(vinyl alcohol), the changes in the spectra are drasti-
cally reduced, and, in the same period of irradiation, the
decrease in the absorbance values was about 5%, while in
the same period the nonprotected OC,OC;-PPV film was
completely degraded. This effect is clearly seen by plotting
the normalized absorbance values at 500 nm (wavelength of
maximum absorption of the nondegraded OC, OC¢-PPV) in
function of the irradiation time as shown in Figure 4. This
figure shows the results of the film coated with poly(vinyl
alcohol) in function of the continuous exposure of the film to
the white light till 620 hours, showing a total decrease of ca.
12% of the absorbance values. The inset of Figure 4 shows the
kinetic plot from which the photodegradation rates could be
estimated, being two orders of magnitude lower for the coated
film: ca. 4 x 10°h™" and 2 x 10™*h™", respectively, for the
neat film and the film coated with PVA. It is very important
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FIGURE 4: Normalized absorbance decay for the OC, OC,-PPV cast
film and OC,0C-PPV cast film coated with PVA, irradiated with
white light. The inset shows the kinetic plot (y-axis in log scale) for
the same samples. The lines are only to guide the eyes.

to emphasize that these estimated values are only valid for
samples with thicknesses of ca. 300-400 nm since there is a
strong dependence between the absorbance decay rates and
the film thickness.

Similar protecting effect of the PVA coating against
OC,0C¢-PPV photodegradation can also be seen in the
photoluminescence characterization. The PL intensity of the
pure film drops 50% in the first 40 minutes of exposure, while
the intensity for the coated one remains the same.

For the conductivity measurements, a constant voltage of
6V was applied for several hours at room conditions while
exposing the films under the electrodes to the white light and
measuring the current at different time intervals. The conduc-
tivity measurements showed that the cast films coated with
PVA presented a more stable conductivity than that observed
for neat OC,0C,-PPV films (Figure 5). The conductivity
values obtained for the PVA-protected OC,0C;-PPV film
deposited onto an interdigitated chromium-gold array under
the illumination remain constant (around 7 x 107'° $/m)
for at least 100 hours of continuous light exposure. For the
unprotected OC,OC¢-PPV, the conductivity decreased two
orders of magnitude in the same exposure period (from 4.5 x
107" S/m t0 2.5 x 1072 $/m).

4. Conclusions

In conclusion, the use of coatings of poly(vinyl alcohol)
onto OC,0C,-PPV films was successful in minimizing the
photodegradation, probably due to its low oxygen perme-
ation, showing only 12% of absorbance decay after 30 days
of continuous exposure to a 50 W halogen lamp. The coating
did not affect the optical properties, such as emission and
absorption spectra, of the OC,OC¢-PPV. The conductivity
of the protected OC,0C-PPV film showed remarkable
stability under the exposure to light. This method of coating
allows fabrication of stable devices which, after the proper
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optimization of fabrication, can be used in applications such
as sensors and FETs, among others.
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