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Abstract  The present work is concerned to study the 
optical constants of the PVA/BaSO4 composites at different 
concentrations of barium sulphate. The samples are prepared 
by casting method technique with different proportion of 
PVA and BaSO4. The absorption and transmission spectra 
have been recorded at the wavelength ranges (200-800)nm 
by using (UV/160/Shimadzu spectrophotometer). The 
results show that (The absorption coefficient, extinction 
coefficient and energy gap of the indirect allowed and 
forbidden transition) vary with the concentration of barium 
sulphate BaSO4 dopant. 
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1. Introduction 
In the recent years, studies on the electrical and optical 

properties of polymers have attracted much attention in view 
of their application in electronic and optical devices. 
Electrical conduction in polymers has been studied aiming to 
understand the nature of the charge transport prevalent in 
these materials while the optical properties are aimed at 
achieving better reflection, antireflection, interference and 
polarization properties [1,2].  

One of the important classes of polymer electrolytes is 
polar polymer {like Polyethylene oxide (PEO), 
Polypropylene oxide (PPO), polyvinyl alcohol (PVA), etc}. 
In this paper, we have used PVA as a host polymer because 
PVA is semi-crystalline polymer and has very important 
applications due to the role of OH group and hydrogen bonds 
[3]. The stability of polymer thin films on solid substrates is 
of great technological importance in applications ranging 
from protective coatings to paintings, semiconductors, and 
micro- and optoelectronic devices [4,5,6]. 

Optical polymers have attracted considerable attention in 
recent years because of their important industrial 

applications such: solar cells, diodes, filters of light, … . etc. 
The present study will help in understanding the effect of 
different concentrations of barium salt on the optical 
parameters.  

2. Experimental Part 
The polymer(PVA) was dissolved in distill water by using 

magnetic stirrer in mixing process to get homogeneous 
solution at 900C , then the solution was cooled at room 
temperature. The barium sulphate was add to the polymer 
with different concentration are (1, 2 and 3) wt.% and mixed 
for 10 minutes to get more homogenous solution, then the 
solution was poured in petri dish (5.5cm). placed on plate 
form and let it to dry at room temperature. The films were 
ready which cut into pieces for characterization by 
measuring The absorption and transmission by using 
UV/160/Shimadzu spectrophotometer. 

3.Results and Discussion 

3.1. The Absorbance of Composites 

 

Figure 1.  The variation of optical absorbance 
for(PVA-BaSO4)composite with wavelength 
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Fig.1 shows the relationship between absorbance of 
PVA-BaSO4 composite with wave length, from the figure 
shows that the absorption increases as a result of filler 
addition but no shift in the peak position, which means the 
addition to pure polymer does not change the chemical 
structure of the material but new physical mixture is 
formed .the absorbance stay constant after 240nm. 

3.2. The Absorption Coefficient and Energy Gap of 
Composites 

Fig.2 shows the optical absorption spectrum of composite 
for different impurities quantities, it was found that the 
composite have a low absorption coefficient at a small 
photon energy then increase at different rates dependence on 
the composite structure. The pure sample had low absorption 
coefficient this may be as a result of low crystalinity. 
Analysis of optical absorption spectra could reveal the 
energy gap Eg between the conduction band (CB) and the 
valence band (VB) due to direct and indirect transitions of 
both crystalline and amorphous materials. 

 

Figure 2.  The absorption coefficient for(PVA-BaSO4) composite with 
various photon energy 

The absorption coefficient (α) was calculated in the 
fundamental absorption region from the following 
equation[6]: 

2.303 A
d

α =               (1) 

Where : A is absorbance and (d) is the thickness of sample. 
Fig .3 and Fig.4 represented the indirect transition , the 

energy gab values dependence in general on the crystal 
structure of the composites and on the arrangement and 
distribution way of atoms in the crystal lattice . The optical 
energy gap (Eg) of the thin films has been determined from 
absorption coefficient data as a function of photon energy. 
According to the generally accepted “non-direct transition 
model” for amorphous semiconductors proposed by Tauc 
[7].  
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gh B h Eα υ υ= −               (2)

 

Where B is a constant related to the properties of the valance 

band and conduction band ,hυ is the photon energy , Eg is 
the optical energy band gap, r=2,or3 for indirect allowed and 
indirect forbidden transition . 

From the linear plots of (α h ν) l/r against (h ν) for these 
samples as shown in figure3, the optical energy gap has been 
determined from the intercepts of extrapolations to zero with 
the photon energy axis (αhν) 1/r → 0 From the results 
obtained it is seen that an decrease of concentration of BaSO4 
in the system leads to an increase in the optical band gap. A 
decrease in the energy band gap with increasing BaSO4 
concentration may be attributed to an increase in structural 
disorder of the polymer films with increasing BaSO4 
concentration. 

 

Figure 3.  The relationship between(ahu)1/2(cm-1.eV)1/2 and photon energy of 
PVA-NiCl2 composites 

 

Figure 4.  The relationship(ahu)1/3(cm-1.eV)1/3 and photon energy of 
PVA-BaSO4 composites 

3.3. Refractive Index and Extinction Coefficient 

The extinction coefficient can be calculated by the relation 
[5]: 

k = α λ / 4π                                     
    (3) 

Where λ is the wavelength and α is the absorption 
coefficient. 
The refractive index of the films was calculated by the 
following equation [5]: 

n = [4R /(R-1)2 – K2 ] – (R-1) / (R-1) …            
       …………(4) 

where R the reflectance and k the extinction coefficient and 
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define as above. 
Fig.5 shows the variation of extinction coefficient(k) with 

of the composite with photon energy, the values increase 
exponentially with increasing photon energy . This increase 
indicates that the electromagnetic radiation passing through 
the material is faster in the low photon energy. 

 

Figure 5.  The extinction for(PVA-BaSO4)composite with various photon 
energy 

Fig.6 represent the variation of the refractive index(n) 
with the incident photon energy, the variation is simple in the 
low energy region while it increased in the high photon 
energy region, this behavior may be as a result to the 
variation of the absorption coefficient which leads to spectral 
deviation in the location of the charge polarization at the 
attenuation coefficient due to the loses in the energy of the 
electron transition between the energy bands. 

 

Figure 6.  The relationship between refractive index for(PVA-BaSO4) 
composite with photon energy 

3.4. Dielectric Constants 

Fig.7 and Fig.8 represented the real and imaginary parts of 
the dielectric constant, in the real part the variation it was 
very clear spatially in the high impurities concentration this 
may be due to the absence the resonance between the 
frequencies of the incident photon energy (electromagnetic 
and the induced dipoles in the composite), while in the 
imaginary part there was an absorption to the energy of the 
incident photon energy, so the variation nearly constant until 
it reaches to the high photon energy . The pure composite 
shows the smaller variation. 

 

Figure 7.  The variation of real part of dielectric 
constant(PVA-BaSO4)composite with photon energy 

 

Figure 8.  The variation of imaginary part of dielectric 
constant(PVA-BaSO4)composite with photon energy 

4. Conclusions 
 The absorbance of composites is very large in the uv, 

region. The absorption coefficient is smaller and 
stable in the low photon energy. 

 The absorbance of polymer increases with the 
increase of concentrations of barium sulphate. 

 The absorption coefficient and extinction coefficient 
are increased as a result of the scattering centers in 
the composites.The values of the refractive index(n) 
and extinction coefficient of the composites increase 
exponentially with increasing photon energy . 

 The real and imaginary dielectric constants show the 
exponential increase with increasing of the incident 
photon energy. 

 The optical constants of polyvinyl alcohol 
(absorption coefficient, refractive index extinction 
coefficient, real and imaginary dielectric constant are 
increasing with the increase of concentrations of 
barium sulphate. 

 The energy band gap of polyvinyl alcohol decreases 
with the increase of concentrations of barium 
sulphate. 
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