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Optical properties of Polyvinyl Alcohol Films doped with Fe 
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Abstract 

FeCl3 was used as a source of Fe that added to the PVA films. PVA-Fe films were 

prepared by casting method. The UV-Visible spectrophotometer used to record the 

absorbance spectrum in the range of 300-900 nm. The absorbance decreased with the 

increasing of Fe in the PVA films. The absorption coefficient increased with the 

increasing of Fe content, while the extinction coefficient, refractive index and optical 

conductivity are decreased. The optical conductivity decreased from 4 eV for PVA film 

to 3.3 eV for PVA-3% Fe films. 
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Introduction 

In recent year's great progress in understanding polymer surface phenomena and 

development in their theoretical aspects have been done. Forces occurring on polymer 

surfaces depend on the interaction between macromolecules, which are different inside 

the material and on the phase boundary [1]. Poly (vinyl alcohol) (PVA) is one of the 

most important polymeric materials as it has many applications in industry and is of 

relatively low cost [2]. The incorporation of the dopants into polar organic polymers can 

induce pronounced changes in various properties of polymers in order to modify and 

improve its properties [3]. 

The final properties of reinforced polymers (composites) are influenced by the nature, 

properties and content of components, dimensions of components and microstructure of 

composite and interfacial interactions between matrix and dispersed phase. The aspect 

ratio of the filler is very important and crucial for many properties in composite such as 
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electrical [4]. Some optical properties are evaluated as a function of Fe additive in the 

PVA matrix prepared by casting solution method. 

Experimental part 

Poly (vinyl alcohol) with molecular weight 10000 g/mol was used as a host polymeric 

material in this work, supplied by (BDH Chemicals  England) . FeCl3 supplied from 

(Merck Chemicals Germany) volumetric percentageof  (1% and 3%) was used as a 

doping agent embedded in the polymer matrix , the solution were deposited using 

casting method at room temperature. 

   Absorbance and transmittance measurements were carried out using double beam UV-

VIS spectrometer (Shimadzu Japan) in the wavelength range (300-900) nm. 

Results and Discussion  

The optical absorbance spectra as a function of wavelength was presented in the 

wavelength range 300-900 nm. The absorbance spectra of PVA films with various 

content of Fe were shown in Fig.1. From the figure, it can be seen that the absorbance 

was decreased sharply with increasing of wavelength in the UV region, where its 

decreased gradually in the visible region. Also, it can notice the decreasing of 

absorbance with increasing of Fe content in PVA films. 

   

 

 

 

 

 

 

 

 

 

Fig.1: Absorbance spectra of PVA-Fe composites. 

 

   The absorption coefficient (α) can be determined from the following relation [5]: 

t

A303.2
                    (1) 

   Where A is the absorbance and t is the film thickness. The absorption coefficient as a 

function of wavelength is shown in Fig.2 for PVA-Fe films. From the figure, it can be 

seen that the increasing of absorption coefficient with an increase of Fe content in PVA-

Fe films. 
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Fig.2: Absorption coefficient of PVA-Fe composites. 

 

The extinction coefficient was related to the absorption coefficient by therelation [6]: 

K =                        (2) 

Where  λ is the incident photon wavelength. The extinction coefficient has increased 

with the increasing of wavelength, and decrease with the increasing of Fe embedded  in 

the PVA films as shown in Fig.3.  

The refractive index (n) of PVA-Fe films have determined by using equation [7]: 
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Fig.3: Extinction coefficient of PVA-Fe composites. 

Where r is the reflectance. The refractive index versus  

 wavelengthwas plotted in Fig.4. The refractive index decreased with the increasing Fe content in PVA 

film 
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Fig.4: The refractive index of PVA-Fe composites. 

 

 The optical conductivity of the PVA-Fe films with various content of Fe were 

calculated using the following formula [8]: 






4

cn
          (4) 

Where c is the speed of light, n is the refractive index, and α is the absorption 

coefficient. The optical conductivity as a function of wavelength of PVA-Fe films are 

shown in Fig.5. The figure shows a decreasein optical conductivity with increasing Fe 

content in the PVA films.  

 
Fig.5: Optical conductivity of PVA-Fe composites. 
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Fig.6: Skin depth of PVA-Fe composites. 

The optical energy gap (Eg) can be found from the relation [9]: 

αhυ = B(hυ - Eg)
m                 

(5)   
 

where h is the Planck constant, hυ is energy of the incidence photon, B is constant 

known as the disorder parameter which is nearly independent of the photon energy. m is 

the power coefficient with the value that is determined by the type of possible electronic 

transitions, i.e., m = 1/2, 3/2, 2 or 1/3 for direct allowed, direct forbidden, indirect 

allowed and indirect forbidden respectively [10]. The direct band gap can be determined 

from the plotting (αhυ)
2
 as a function of photon energy (hυ). The extrapolation of the 

resulted curve at (αhυ)
2 

= 0 represent the value of  energy gap as shown in Figs.7-9. 

From these figures, it can be noticed that a decrease in energy gap with increasing of Fe 

content in PVA films. 

 

 
Fig.7: Optical energy gap of PVA polymer. 
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Fig.8: Optical energy gap of PVA-1%Fe composite. 

 
Fig.9: Optical energy gap of PVA-3%Fe composite. 

 

Conclusion 

PVA-Fe films were prepared by casting method with various content of Fe. Optical 

properties were studied from the data of absorbance and transmittance  spectra, such as 

absorption coefficient, extinction coefficient, refractive index and optical conductivity. 

The optical energy gap was decreased from 4 eV for PVA film to 3.3 eV for PVA-3% 

Fe films. 
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