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Abstract

Pure and Lead-doped poly vinyl alcohol (Pb-PVA) films were prepared by volume mixture using
casting technique by different concentrations (2% and 6%). The characteristics of composites was
investigated by FTIR spectroscopy. The optical properties, absorption and transmission of  films
were investigated through the transmission measurements at room temperature in wavelength range
of (200-1100 nm). Overall we observe that the values of Ey decreases by the increasing of
concentration Values of Eq determined to be 6.2, 4.745 and 4.75 eV for pure PVC, 2% and 6% Pb
respectively.
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Introduction

One of the goals of material research is to create new materials with properties tailored to a
particular application and to understand the physical and chemical mechanisms that determine these
properties.

Polymers opened a tremendous flurry of worldwide research, because of their promise potential
industrial and technological of applications. The most frequently used polymeric material is
polyvinyl alcohol (PVA), poly (methyl methacrylate) (MMA) and polyvinyl chloride (PVC) [1].

Polymers, on the other hand, are flexible lightweight materials and can be produced at a low
cost. They are also known to allow easy processing and can be shaped into thin films by various
techniques such as dip-coating, spin-coating, film-casting, and printing. Polymers are already
widely used in the optoelectronics industry and are playing important roles in various applications.

Many researches done by mixed two or three polymers (polymer blend) or added materials to
in order to improve the properties of polymers [2-7]. One of these materials metals or salts. A metal,
in atomic or ionic state, introduced into a polymer matrix, generally improve the polymer behavior
and as a rule of composite materials, new properties, different of both matrix and filler ones, could
be evidenced.
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Rabee [8] showed that the absorption coefficient increases and energy gap of the indirect
allowed and forbidden decreases with increase the weight percentage of silver carbonate, the
extinction coefficient increases with increase the silver carbonate content.

Prosanov [9] found that , the compositions such as PVA-ZnO-Pb(CH3;COO), can be used as the
reversal photographic materials with a direct blackening besides he showed another interesting
property of lead nanoparticles in a PVA-ZnO composition is their ability to activate excitonic
luminescence of zinc oxide.

The aim of the present work is to investigate the optical properties of polyvinyl alcohol (PVA)
doped with varying concentration of Lead nitrate Pb (NO3)..

Experimental Details

Casting method used to prepare pure and doped thin films. PVA with molecular weight of
107 g/mol from (BDH) company was used as a host polymeric material and Pb (NO3), from
(BDH) company used as doping. To prepare pure PVA solution films, PVA grains of weight 0.2g
were dissolved in 5 ml of distilled water to obtain a solution PVA. The mixture stirring
continuously to obtain homogenous solution for about 15 min at 80°C. Doped solution films were
fabricated by dissolving Pb (NOs3), in distilled water of ratios (2% and 6%) and added to the
polymeric solution with continuous stirring. Those solutions were poured into flat glass plate dishes
and dried in oven at 60 °C for 3hr. Evaporation leads to increase the viscosity and formation of
films; the dried homogeneous films were then removed easily by using tweezers clamp. Other
similar films were prepared in order to ensure dried samples without bubbles and thermal damage.
The thickness of the prepared films was about (0.05-0.07mm) measured by using a digital
micrometer. The characterization of materials PVA and PVA/Pb have been carried out using
Shimadzu FTIR-8400S Fourier Transform infrared spectrophotometer with range 400-4000 cm ™.

Absorbance and transmittance measurements were carried out by using a double beam
UV/VIS spectrometer Shimadzu Japan UV-160A in the wavelength range (190-1100) nm.

Results and discussion

The characterizations of pure and 6% PVA/Pb films are shown in Figs.1 and 2 respectively.

The spectra show a strong broad absorbance at ( 3324- 3338 cm™) for pure PVA and (3173-3441
cm™) for 6 % Pb (NO3), doped PVA. This band could be assigned to O-H stretching vibration of
hydroxyl group of PVA, the band corresponding to C-H asymmetric stretching vibration occurs at
2921 cm™ and 2941 cm™ for the doped PVA. A strong absorbance at 1710 cm™ for doped PVA
corresponds to C=C stretching vibration Absorbance at 1649 cm™ corresponds to an acetyl C=0
group, which could be explained on the basis of intra/inter molecular hydrogen bonding with the
adjacent OH group. The sharp band 1095 cm™ corresponds to C-O stretching of acetyl groups
present on the PVA backbone that remains the same for undoped but broads for doped samples
[10].
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Fig.2: FTIR for 6% PVA/Pb film

Optical absorption measurements are carried out in particulars to check the presence of the Pb
ionic form in the polymer matrix. The ultraviolet visible absorption spectra of pure,2 and 6 wt % Pb
(NO3), -doped PVA films are shown in Fig 3. It is observed that the shapes of the curves were
similar there is a relatively sharp delimitation between the areas of high and low absorption in the
UV region; a shifting in the peak position while the intensity of these peak increased as a result
weight percentages of Pb . The most intense band belongs to the ligand PVA matrix, increasing the
concentration [11] have more atoms present hence more states are available for the photon energy
to be absorbed.

The transmittance and reflectance spectra of pure, 2 and 6 wt % Pb(NO3), -doped PVA films
are displayed in Figs.4 and 5. The transmittance spectra for pure and doped films showed a sharp
increase in UV below 300 nm subsequent by a steady state. The decreasing in transmission
wavelength with increasing the concentrations, leads to a decrease in light scattering losses.
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Fig.3: The absorption spectral for PVA/Pb Fig.4: The transmission spectral for PVA/Pb
films with different concentrations films with different concentrations

Pure films showed increases the reflectance to form saturation and steady with increasing
wavelength. Doped films showed different behavior, meanwhile, there is a relatively sharp
delimitation between the areas of high and low absorption in the UV region; it had been shown that
the reflectance increases with increasing Pb concentration due to the increase in the Pb atoms.

The optical absorption coefficient a behavior for PVA/Pb films is given in Fig. 6, it resembles
the absorption spectra. The figure indicates the absorption coefficient increases by the increase of
Pb concentration; this may be attributed to increase the absorbance [12].

100 300 500 700 900 1100
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Fig.5: The Reflectance spectral for for PVA/Pb Fig.6: The absorption coefficient spectral for
films with different concentrations PVA/Pb films with different concentrations

The optical energy gap E, of thin films is calculated by using the following equation [13]:
ohv = A(ahv-Eg)" (1)

where A is a constant, h is Planck's constant, E4 the optical energy gap of the material, v is the
frequency of the incident photon and n the exponent which depends on the type of transition [14]
that occurred.

The plots of the (ahv)*? as a function of hv for various films with varying concentrations of Pb
source are shown in Fig.7.
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Values of Ey determined to be 6.2, 4.745 and 4.75 eV for pure PVC, 2% and 6% PDb
respectively. Overall we observe that the values of Ey decreases by the increasing of concentration
this is attributed to the presence of doping and its interaction results in the creation of new
molecular dipoles, which could be results of point defects created within the band gap.

The values of Urbach energy E, called the width of localized states in the optical band gap [15]
are 2.479, 0.148 and 0.474 eV for pure PVC, 2% and 6% Pb respectively decreases with increasing
concentration this is attributed to the increases of the defects and localized state in the energy gap.

The relationship between the extinction coefficient k and wavelength of the films are shown in
Fig. 8. It can be clearly seen that the extinction coefficient increase as the doping percentage
increased, this may be attributed to high absorption coefficient. This result indicates that the doping
atoms of Pb will modify the structure of the host polymer. Similar behavior has been noticed by
Ahmed et al. [16].
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Fig.7: Plot of (ahu)1/* vs. hv for PVA/Pb Fig.8 The extinction coefficient as a function of hv
films with different concentrations for PVA/Pb films with different concentrations

The refraction index n value provides the optical properties of the film and it is related by the
fallowing equation [17].

B 1+vR
n=C =) 2

Fig.9 illustrated the values of n as a function of the energy for films, was found that the value
of refractive index increases by the increasing of the concentration of Pb (NOg3), which results in the
increase of the number of the atomic refractions due to the increase of the linear polarizability in
agreement with Lorentz - Lorentz formula [12 and 18]. Moreover, they exhibit higher values of n in
the UV-VIS regions for films with the increasing doping percentage, but lower values in the NIR
region. This is an indication that the rate at which light is slowed down in the film is very high in
the UV-VIS region and decays to relatively low rate in the NIR region.

Optical conductivity o, is calculated using the following equation [19]:

0o = anc/ 4n (3)

The plots of 6, against hv of films with different concentration are displayed in Fig. 10. Doped
films showed a sharp increase subsequent by a steady state steady in high range of energy with
increase of Pb (NO3), concentration; especially films with 6% have highest optical conductivity
value.
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The real and imaginary part of the dielectric constants & and & for films are shown in Figs. 11
and 12 respectively, the behavior of & is similar to the refractive index because of the smaller value
of k? comparison of n, while & is mainly depends on the k values, which are related to the variation
of absorption coefficient.
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Fig.9: The values of refractive index as a function of Fig.10: Optical conductivity as a function of hu for
hv for PVA/Pb films with different concentrations PVA/PD films with different concentrations
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Fig. 11: The imaginary part of the dielectric constant Fig.12: The real part of the dielectric constant as a
function of wavelength for for PVA/Pb films with as a function of wavelength for for PVA/Pb films
different concentrations with different concentrations

Conclusions

Pure and Pb-doped poly films were prepared by casting technique with different concentrations
(2% and 6%).The absorption spectral analysis showed that the optical energy band is due to the
indirect allowed optical transitions, the optical energy band gap (6.2-4.75) eV of the films
decreases with increasing doping. The values of Urbach energy E, are 2.479, 0.148 and 0.474 eV
for pure PVC, 2% and 6% Pb respectively decreases with increasing concentration. Extinction
coefficient and refractive index increase as the doping percentage increase.
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