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Abstract: In this paper, we report upon preparation and optical properties of the polymer blend 

(50%PMMA:25%PVC:25%PS) thin films. The thin films have been prepared with specific ratios using the casting 

technique at normal weather conditions. The films were subjected to heat treatment in varying temperatures for three 

hours. The results showed that increase thermal annealing temperature leads to decrease values of the direct and indirect 

energy gap, but increase the extinction coefficient and optical conductivity. The refractive index, real and imaginary 

dielectric constants showed a heterogeneous behaviour. Thermal annealing by 80 oC and up leads to deformation the 

thin films. 
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1. Introduction 

Because of the wide use of the polymeric 

material in our life, there are many studies to 

enhance their properties by different ways: 

addition salts, addition laser dyes, mixing 

and thermal annealing [1]-[3]. Polymer 

blends are a mixture of chemically different 

polymers or copolymers with no covalent 

bonding between them. Polymer blending 

imparts some new characteristics leading to 

formation new materials with enhanced 

properties [4].  

There are many studies on polymer PVC, PS 

and PMMA for their wide applications in our 

daily lives. The previous studies in optics 

field, showed that the thermal treating works 

to reduce the energy gap of polymeric 

materials, and adding some impurities would 

reduce the energy gap and increase the values 

of optical constants [4],[5].  

Thermal annealing of DCM-PVC and DCM-

PS thin films showed that values of the optical 

direct-band gap are inversely proportional to 

annealing temperature, while in case indirect 

electronic transition the band gap increases 
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with increasing of annealing temperature 

[6],[7].  

The purpose of this work is to study the effect 

of thermal annealing on the optical properties 

of polymer blend 

(50%PMMA:25%PVC:25%PS) thin films. 

 

2. Experimental procedure 

The samples prepared as follows: a powder 

of (0.25gm PVC + 0.25gm PS + 0.50gm 

PMMA) has been dissolved in (15 ml) of 

Tetrahydrofuran (THF). The solution has been 

mixed by using magnetic heater stirrer for 

three hours to obtain a homogeneous solution. 

The mixture has been cast on a glass substrate 

at room temperature. The samples have been 

placed in the oven for three hours. Each 

sample is placed separately in the electric oven 

at a different temperature as following (40, 50, 

60, 70, 80 oC). The thickness of the prepared 

thin films (1-2µm) is measured using a 

handheld gauge. The UV-visible double-beam 

spectrophotometer has been used to test the 

absorption and reflection spectrum of samples 

in range (370-900nm).  Practically, for 

polymeric materials it is possible to calculate 

the value of energy gap (Eg) by the formula 

[8],[9]: 

𝛼𝐸 = 𝐴(𝐸 − 𝐸𝑔)𝑚                                           (1) 

Where A is a proportional constant, 𝐸 = ℎ𝑣 is 

the photon energy, 𝛼 is absorption coefficient 

and m is exponential constant, for allowed 

direct transition m = 1/2 and for allowed 

indirect transition m = 2. 

The value of reflectance (R) is determined by 

UV-Visible double beam spectrophotometer 

and the linear refractive index (n) estimated by 

equation [10]: 

𝑛 = √
4𝑅

(1−𝑅)2
− 𝑘2 +

1+𝑅

1−𝑅
                                (2)  

Where k is the extinction coefficient, can be 

found by equation [11]:  

𝑘 =
𝛼𝜆

4𝜋
                                                              (3) 

The real and imaginary dielectric constants are 

calculated using equations [12]: 

𝜀𝑟 = 𝑛2 − 𝑘2                                                     (4)  

𝜀𝑖 =  2𝑛                                                               (5) 

The value of optical conductivity is calculated 

using equation [13]: 

𝜎

=
𝛼𝑛𝑐

4𝜋
                                                               (6) 

Where (c) is the speed of light in vacuum. 

3. Results and discussion 

The absorbance and the reflectance 

spectrum of polymer blend (50%PMMA 

:25%PVC:25% PS) thin films in the 

wavelength range (370-900 nm) for different 

temperatures of thermal annealing are shown 

in figures (1) & (2).  
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Fig. 1 Optical absorption spectra versus wavelength 
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Fig. 2 Reflectance spectra versus wavelength 

 

Figure (1) shows for the short wavelength (370 

to 425nm) the absorption increase as 

increasing wavelength and for longer 

wavelength it seems increasing the wavelength 

leads to decreasing the absorbance. The 

absorption increased with increasing thermal 

temperature.  

The reflectance decreases with increasing 

temperature as shown in figure (2). This is also 

consistent with Mohammed's results [7].  

Figure (3) shows relation between absorption 

coefficient and photon energy of polymer 

blend (50%PMMA:25%PVC:25%PS) thin 

films that treated thermally in the range (40-70 

oC). 
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Fig.3 Absorption coefficient versus photon energy  

 

The absorption coefficient increased with 

increasing the temperature of thermal 

annealing. 

The transitions were indirect for thin films 

treated by 40 oC, while thin films treated by 

(50, 60 & 70 oC) the transitions were direct. As 

shown in figure the absorption coefficient 

increases as increasing photon energy until 2.9 

eV, and then start decreases. There is a good 

agreement with researcher Reddeppa [14]. 

The samples that treated by 80 oC and up were 

deformed. The variation of (αE)2 and (αE)1/2 as 

a function of photon energy were shown in 

figures (4) & (5) that, in turn, illustrates the 

effects of annealing on the values of energy 

gap for direct and indirect-allowed transitions.  
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Fig. 4 Relation between (αE)2 and photon energy 

 

The empirical results indicate to reduce the 

energy gap values by increasing thermal 

annealing temperature. Due to increase applied 

thermal annealing from 40 to 70 0C the values 

of indirect-energy gap reduced from 2 to 1.5 

eV. This is agrees with Bhatti’s result, that 

observed by increase thermal annealing (70-

110 oC), the energy band gap decrease for each 

film [15].  

Increase applied thermal annealing indicate to 

reducing the values of the direct-energy gap 

from 0.5 to 0.8 eV. 

The real (εr) and imaginary (εi) parts of the 

dielectric constant related to the refractive 

index and extinction coefficient, see equations 

(4) and (5). Figures (6) and (7) show (εr) and 

(εi) values as a function to the wavelength for 

different degrees of annealing.  
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Fig. 5 Relation between (αE)1/2 and photon energy 
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Fig. 6 Real part of dielectric constant as a function of 

wavelength 
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Fig. 7 Imaginary part of dielectric constant as a function of 

wavelength 

 

The values of real dielectric constant increase 

with increasing wavelength when the thin 
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films treated by (40 & 50 oC), while when 

treatment them by (60 & 70 oC) they have 

different manner. 

The linear refractive index and extension 

coefficient also affected by the applied 

temperature of thermal annealing, as shown in 

figures (8) & (9).  
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Fig. 8 Refractive index as a function of wavelength 
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Fig. 9 Extinction coefficient as a function of wavelength 

 

From figure (8) we observe a change in the 

refractive index behavior according to the 

annealing temperature. Figure (9) shows an 

increase in the temperature of annealing 

increases the extinction coefficient in the range 

370 to 900nm. 

The relation between optical conductivity and 

photon energy shown in figure (10), which 

illustrate effect of the thermal annealing for 

polymer blend (50%PMMA:25%PVC:25%PS) 

thin films. 
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Fig. 10 Optical conductivity as function of photon energy 
 

The optical conductivity increases according 

to increasing the applied temperature of 

thermal annealing this behavior is agreement 

with Reddeppa’s result [14] and in another 

side, it is increased with increasing photon 

energy in the range (1.4 to 2.9 eV). 

4. Conclusions 

We conclude that increasing the emperature 

of annealing from 40 oC to 70 oC for polymer 

blend (50%PMMA:25%PVC:25%PS) leads 

to:  

1. Increase the direct electronic 

transmissions.   

2. Decrease the indirect energy gap from 

2 to 1.5 eV 

3. Decrease the direct energy gap from 

0.9 to 0.4 eV.  
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4. Increase the extinction coefficient and 

optical conductivity. 

5. The refractive index, real and 

imaginary dielectric constants showed 

a heterogeneous behavior. 

Finally, thermal annealing by 80 oC and up 

leads to deformation samples.  
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