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Abstract 

The optical properties of the Poly (3 - octylthiophene) (P3OT) – Poly (methyl methacrylate) 

(PMMA) polymer blend films at different percentage weight ratios of P3OT polymer were 

prepared using casting method. The optical absorbance and transmittance spectra of these films 

were measured in the wavelength range 300 – 1100 nm for different weight ratios of P3OT polymer 

using UV-Visible double - beam spectrophotometer. These optical spectra were used to determine 

the optical properties of the prepared polymer films. The main optical parameters of the polymer 

blend film, such as, reflectance  (R), absorption coefficient (α), extinction coefficient (k), refractive 

index (n), real and imaginary parts of dielectric constant (εr and εi), and optical energy band gap 

(Eg), were determined. The effect of the weight ratio of P3OT polymer on these parameters was 

studied. The results showed that the prepared P3OT – PMMA polymer blend films exhibited 

suitable optical properties for the applications of solar cells, optical sensors, and photonic devices. 
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1. Introduction

Polymer materials have been received much attention from the researchers in the field of linear 

and nonlinear optics and the investigation of the optical and electrical properties of these materials 

is significantly grown due to their unique optical and electrical properties. These properties make 

these materials enable the development of several applications in optical photonic, and 

optoelectronic devices such as, optical sensors, solar cells, optical limiters, organic light emitting 

diodes (OLED’s) [1 - 8]. Among various nonlinear materials, polymers have attracted much 

attention due to their practical applications. Poly (methyl methacrylate) (PMMA) and poly (3 - 

octylthiophene) (P3OT) polymers have received great interest due to their diverse advantages [9, 

10]; ease of fabrication and display optical, thermal, and chemical stabilities under environmental 
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conditions. These polymers exhibit large absorption over the range of the visible region of the 

electromagnetic spectrum. In order to make these materials suitable for the device applications, 

the optical and electrical properties of these materials must be modified and develop. This is can 

be done effectively by mixing two or more polymers [9 - 12] or by doping the polymer with a 

suitable organic dye [6 - 8, 14].  In the present study, P3OT – PMMA polymer blend films were 

prepared by the addition of different weight ratios of P3OT polymer to PMMA polymer.  It was 

found that the optical and electrical properties of these polymer blend films were considerably 

affected by the change of the weight ratio of   P3OT - PMMA polymer.  

       

The optical characterizations of polymer blend films are important to obtain knowledge regarding 

their optical properties and the effect of changing the weight ratio of the P3OT on the features of 

the main optical parameters such as; absorption coefficient, extinction coefficient, refractive index, 

the real and imaginary parts of dielectric constant, and energy band gap, which are very important 

for various optical applications.     

     

In this paper, we report the fabrication of P3OT – PMMA polymer blend films using the casting 

method. The optical properties of these polymer films were characterized and the main optical 

parameters were determined.  

 
2. Material and Experimental Details    

      
Poly (3 - octylthiophene) (P3OT) and Poly (methyl methacrylate) (PMMA) polymers were chosen 

for the present study.  These materials were supplied by Sigma-Aldrich. The molecular formula of 

the P3OT polymer is (C12 H18 S) n and its molecular weight is   70000 g / mole, while the molecular 

formula of the PMMA polymer is (C5 O2 H8) n and its molecular weight is 84000 g / mole.  The 

chemical structures of P3OT and PMMA polymers are shown in Fig. 1 (a) and (b), respectively. 

The P3OT – PMMA polymer blend was prepared using the well – known casting method. The 

preparation of the P3OT – PMMA polymer blend films were prepared as follows: First 6 gm of 

PMMA polymer was dissolved in 10 ml of Chloroform. The solution was then stirred using a 

magnetic stirrer for few hours until the polymer completely dissolved. Then different percentage 

weight ratios of P3OT (0.013 %, 0.018 %, 21 %, 0.025 %, and 0.030 %) were added to the PMMA 

solution. Five solutions with different percentage weight ratios were obtained. These solutions 

were stirred separately using the magnetic stirrer until the two polymers mixed together and 

homogeneous solutions were formed. The final obtained solutions with different weight ratios of 

P3OT polymer were cast on thin glass slides and then kept to dry gradually and solid films formed. 

The average thickness of these films was around 900 nm. The prepared film samples were 

examined and found they are uniform, stable, and show good optical quality. 

  
                                                         (a)                       (b)                    

Figure 1: Chemical structures of PMMA polymer (a) and P3OT polymer (b) 
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3. Results and Discussion  

 
The absorbance (A) and the transmittance (T) of the P3OT – PMMA polymer bend films at 

different weight ratios were recorded over the wavelength range 300 nm – 900 nm using  UV-Vis 

double - beam spectrophotometer. The spectra of the absorbance and the transmittance are shown 

in Figs. 2 and 3, respectively. It is clearly seen in Fig. 2 that all the maximum absorption peaks are 

located around the wavelength 700 nm. The lowest peak value of the absorbance (A) is 7 % for 

the sample with the weight ratio of 0.013 % of the P3OT polymer in the P3OT – PMMA polymer 

blend film. This value is considerably increased as the weight ratio of P3OT polymer increases 

and the highest value of A is 27 % for the sample with the weight ratio 30 % of the P3OT. The 

lowest transmittance value for the P3OT – PMMA polymer blend film is 65 % for the sample with 

the weight ratio 30 % of the P3OT polymer, as seen in Fig. 3, and this value is increased as the 

weight ratio of the P3OT polymer decreased The highest value of T is 90 % for the sample with 

the weight ratio 0.013 % of the P3OT polymer, at the wavelength 700 nm. It clearly seen those 

values of the absorbance (A) and the transmittance (T) are depending on the weight ratio of the 

P3OT polymer. The value of A increased when the weight ratio of   P3OT polymer increased, 

while the value of T decreased when the  weight ratio increased.    

  

 
Figure 2: UV- Visible absorbance spectra of P3OT - PMMA polymer blend film at different  

weight ratios of P3OT. 

 

 
Figure 2: UV- Visible transmittance spectra of P3OT - PMMA polymer blend film for different 

P3OT polymer weight ratios. 
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The value of the absorption coefficient (α) of the P3OT – PMMA polymer blend film samples was 

calculated for different percentage weight ratio of the P3OT polymer using the fallowing relation 

[15, 16]: 

 

                                                                                                                                                       (1) 

 

 

where A is the absorbance and t is the thickness of the polymer film.  

       

Fig. 4 is illustrated the relation between the linear absorption coefficient (α) and the incident 

photon energy (h ν) for the P3OT – PMMA polymer blend film at different weight ratio of the 

P3OT polymer. It is clearly seen that the absorption coefficient (α) is increased with increasing the 

incident photon energy (h ν) and the weight ratio of the P3OT polymer. The highest value of the 

absorption coefficient (α) is approximately 7.25 cm – 1 around the photon energy h ν = 2.25 eV for 

the sample with the weight ratio 0.030 % of P3OT polymer.  

 

 
Figure 5: The absorption coefficient (α) of the P3OT- PMMA polymer blend film as a function  

of the incident  photon energy ( h ν ) for different P3OT polymer weight ratios. 

 

The reflectance (R) of the P3OT – PMMA polymer blend film samples at different weight ratio of 

the P3OT polymer was calculated using the fallowing relation [17, 18]: 

 

                                                                                                                                                       (2) 

 

where T = I / I0 is the transmittance of the film sample.  

      

The obtained values of R were plotted as a function of the wavelength (λ), as shown in Fig. 5. As 

seen in this figure, the peaks of the optical spectra are located around the wavelength λ = 545 nm 

and the highest value of reflectance (R) of the polymer sample is  ≈ 17.5 % for the sample with 

the weight ratio 0.030% of P3OT polymer. This value is reduced for the other samples, and the 

lowest value of R is 4.6 % for the sample with the weight ratio 0.013 % of P3OT. 
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Figure 4: UV- Visible reflectance spectra of P3OT - PMMA polymer blend film for different 

P3OT polymer weight ratios. 

     

   The extinction coefficient (k) of the sample medium is given by the relation [17]: 

 

                          

                                                                                                                                                       (3) 

                                                                                                                                                                        

where λ is the wavelength of the incident light beam. This relation was used to calculate the value 

of (k) for the P3OT – PMMA polymer blend film samples at different weight ratio of the P3OT 

polymer. Fig. 6 displays the relation between the extinction coefficient (k) and the incident photon 

energy (h ν), for the polymer film samples at different weight ratio of the P3OT polymer.  

 
It is noted that the value of k depends on the weight ratio of P3OT polymer and this value is 

appreciably changed as the weight ratio changed. The highest peak value of k ≈ 3.2 × 10 - 5  around 

the incident photon energy h ν = 2.2 eV for the polymer film sample with the weight ratio 0.030 

% of P3OT polymer. It is obviously seen that the curve of the extinction coefficient (k) exhibited 

behavior is similar to that of the absorption coefficient (α), this is due the relation between the 

extinction coefficient (k) and the absorption coefficient (α).    

   

 
Figure 6: The extinction coefficient (k) of the P3OT- PMMA polymer blend film as a function of 

the incident photon energy (h ν) for different P3OT polymer weight ratios.  
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The linear refractive index (n) of the samples of the P3OT – PMMA polymer blend film at different 

weight ratio of the P3OT polymer was calculated from the relationship between the extinction 

coefficient (k) and the reflectance (R) and is given by the following relation [19]: 

 
 

                                                                                                                                                       (4) 

 
 

Fig. 7 displays the relation between the refractive index (n) and the incident photon energy (h ν), 

for the polymer film samples at different weight ratio of the P3OT polymer. The value of the 

refractive index (n) is varied within the range 1.5 – 2.2 corresponding to the range 0.013 %  – 

0.030 % of  the weight ratio of P3OT polymer The highest value of the refractive index (n)  of the 

P3OT – PMMA polymer blend film with the weight ratio of the P3OT is 2.2 at the incident photon 

energy h ν ≈ 2.3 eV.      

 

 
Figure 7: The refractive index (n) of the P3OT- PMMA polymer blend film as a function of the  

incident photon energy (h ν) for different P3OT polymer weight ratios.  

  

The complex dielectric constant of the sample medium is defined by the following relation [17]: 

 
                                                                                                                                 (5)  

 

Where εr and  εi  are the real and imaginary parts of the dielectric constant (ε), respectively, and 
they are given by the following relations:  
 
                                                                                                                                (6) 

 
and 

                                                                                                                       (7) 

 
 

The values of the real (εr) and the imaginary (εi) parts of the dielectric   constant (ε) of the P3OT 

– PMMA polymer blend film samples at different weight ratios of P3OT were calculated using 

Eqs. (6) and (7), respectively. Figs. 8 and 9 illustrate the relation between εr, εi  and the photon 

energy (h ν) for the polymer blend  film samples at different weight ratios of P3OT polymer. It is 

εr = n2 + k2 

εi = 2 n k 

ε = εr + i εi 
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clearly seen that the change in the weight ratio of the P3OT polymer causes significant change in 

the values of εr and εi. These values are increased with increasing the weight ratio of the P3OT 

polymer. The highest values of εr and εi  for  the  polymer  blend film samples at the weight ratios 

0.030 % of the P3OT polymer  are 5.0 and 13.5 × 10 – 5 , at  the  incident photon energy h ν ≈ 2.4 

eV, respectively.  

 

 
Figure 8: The real dielectric constant (εr) of the  P3OT - PMMA polymer blend film as a function 

of the incident photon energy (h ν) for different P3OT polymer weight ratios. 
 

 
Figure 9: The imaginary dielectric constant (εi) of the P3OT - PMMA polymer blend film as a 

function of the incident photon energy (h ν) for different P3OT polymer weight ratios. 

   

The relation between the optical energy band gap (Eg), the absorption coefficient (α), and the 

incident photon energy (h ν) is given by the Tauc’s relation [20]: 

 

                                                                                                                                                       (8)   

 
where B is a constant, h is the Planck’s constant, ν is the frequency of the incident photons, and r 

is an index, its value depends on the electronic transition responsible for the absorption. r = 1/2, 

3/2, 2, or 3 for, direct allowed, direct forbidden, indirect forbidden, indirect allowed; transitions, 

respectively. In the present study, it is found that the mechanism of the measured absorption 

spectra of the samples is the indirect allowed transition, therefore, we have taken r = 1/2 for 

determination the values of Eg ; using Eq. (8).                                      

(α h ν) r = B (h ν – Eg) 
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    For evaluating the values of the optical energy band gap (Eg) of the pure PMMA polymer film 

and the P3OT – PMMA polymer blend films at different weight ratios of P3OT polymer, we have 

plotted (α h ν)1/2 versus h ν, as shown in Fig. 10. The optical energy band gap (Eg) can be obtained 

by extrapolating the linear portion of the plot to the x-axis, where (α h ν)1/ 2 = 0. By using this 

procedure, the values of Eg for the pure PMMA polymer film and blend polymer films at different 

weight ratios were determined. The obtained values are listed in the Table 1. It can be seen from 

this table that the value of the pure PMMA polymer film is 4.73 eV and it is significantly reduced 

for the polymer blend films. This decrease in the value of Eg upon addition of weight ratio of P3OT 

polymer makes it possible to modify the properties of PMMA polymer.   
 

 
Figure 10: Plot of (α h ν)1/2 versus the incident photon energy (h ν) for the P3OT- PMMA 

polymer blend film for different P3OTpolymer weight ratios. 

 

Table 1: The evaluated values of the optical energy band gap (Eg) of the P3OT - PMMA polymer 

blend film for different P3OT polymer weight ratios. 

Optical energy band gap (Eg) 

(eV) 
Sample 

4.73 Pure PMMA  

1.86 0.013 % P3OT  

1.83 0.018 % P3OT  

1.80 0.021 % P3OT  

1.75 0.025 % P3OT  
1.55 0.030 % P3OT  

 
4. Conclusion         

      
From the results of the present study, it can be concluded that the addition of P3OT polymer, with 

different weight ratios, to the PMMA polymer can significantly modify the optical properties of 

the pure PMMA polymer. The prepared polymer blend films obtained from the mixing of the 

P3OT polymer with the PMMA polymer, and then using the casting method, exhibited appreciable 

reduction in the optical energy band gap (Eg) compared with the pure PMMA polymer film, where 

the Eg value of the pure PMMA polymer film 4.73 eV reduced to    1.55 eV for the polymer blend 

film sample with the weight ratio 0.03 % of the P3OT polymer. The values of the essential optical 

parameters were determined in this study. It is found that the values of these parameters can be 
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changed with changing the weight ratio of the P3OT polymer. The obtained results suggest the 

suitability of the prepared polymer blend films for the optical and photonic device applications.   
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