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Abstract 

Pure and Fe citrate doped poly (vinyl Alcohol) PVA films with different concentrations (1, 1.0, 

0.0, and 2) wt% were prepared by using casting technique. Optical absorption measurements in the 

wavelength range 211-011 nm were studied and confirmed that PVA films have an direct band gap 

that decreased from 0..5 to ..54eV as the doping concentration increases to 2wt%. Optical 

constants such as absorption coefficient, refractive index, Extinction coefficient real and imaginary 

parts of dielectric constant have been studied; results show that the optical constants of the pure 

PVA films were increased after doping and with increasing impurity concentration. Urbach energy 

and optical conductivity were increases with the increasing of impurity concentration. The increase 

in the density of localized states Eu from 1445 to 1494eV causes an expanding in the Urbach tail 

and consequently decreases the energy gap. 
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Introduction 
Polymer solids have a great potential in 

many important applications due to their 

unique properties, such as low density, ability 

to form intricate shapes, versatile electric 

properties and low manufacturing cost. The 

wide range of polymer applications can be 

even more extended by incorporation of filler 

into polymer matrix, because dispersed filler 

may enhance various physical properties of the 

hostpolymer. The electrical and optical 

properties of selected polymer can be 

controllably modified owing to the type of the 

filler used, its concentration and the way in 

which itpenetrates and interacts with the 

chains of the polymer [0,2]. 
Optical communications, including polymer 

optical fibers, optical waveguides and optical 

connectors have enormous applicationsdue to 

their ease of processing, relatively low cost and 

mass production compared to silica based 

optical materials. They also have potential 

advantages for applications in optical storage 

systems, such as high thermal stability, law 

absorption loss and the ability of refractive 

index changing upon exposure to light [3]. 

Poly (vinyl alcohol) (PVA) is one of the most 

important polymeric materials as it has many 

applications in industry, It is a potential 

material having a very high dielectric strength, 

good change storage capacity and dopant– 

dependent electrical and optical properties and 

of course it is relativity low cost [.]. 

In recent years, studies on optical and 

electrical properties of polymer blend films 

have increased remarkably in view of their 

wide applications in radiation dosimetry and in 
optical and electronic devices [0]. Investigation 

on the influence of sodium zirconate 

nanoparticles on the structural characteristics 

and electrical properties of polyvinyl alcohol 

nanocomposite films [6]. used ammonium 

dichromate doped PVA thin films to studied 

the refractive index and transmissions of the 

doped films have been measured [5]. Optical 

properties of pure and iron- doped cellulose 

acetate (CA) were investigated in the (211-

511)μm wavelength region [0] and the 

polymers PVA and PMMA were used to 

fabricate waveguides and photonic integrated 

circuits by doped with TiO2, ZrO2 or CuO [4]. 

In this work optical constant of pure and 

Fecitratedoped PVA film shave been studied 

in wavelength range (211-011)nmas a 

function of photon energy. 

 

Method Experimental Work 

Polyvinyl alcohol PVA of molecular 

weight 01111 g/mol as a matrix element 

supplied by (BDH chemicals) with high  

purity and different weight percent of Fe 

citrate impurity (1, 1.0, 0.0, and 2)wt% for 

mailto:wasanali100@yahoo.com


Wasan A. Al-Taa'y 

59 

samples (a, b, c, and d) respectively were 

dissolved in distilled water and with stirring 

the solution for about (01min) at (01ºC) for 

complete dissolution. Poured the solution into 

a cleaned glass plate and kept till dried  

(. days) at room temperature. The thickness  

of the produced films was in the range  

(01-001)μm. 

The optical constants of all films with  

and without Fe citrate impurity such as 

absorption coefficient, refractive index, 

extinction coefficient, real and imaginary parts 

of dielectric constant,energy gap, Urbach 

energy and optical conductivity was measured 

in the wavelength rang (211-011)nm by using  

UV-Visible spectrophotometer industrialize 

from (shimadzu UV-0610 PC). 

 

Results and Discussion 
Optical absorbance measurements were 

taken for Fe citrate-poly vinyl alcohol samples 

to compare the effect of the filler particles on 

the optical properties of the composites. The 

optical properties of the films by means of the 

optical absorption in the UV-Vis region of 

(211–011) nm have been investigated. 

However the absorption, transmission and 

reflection measurements are limited to 

wavelengths at which the sample has an all 

measuring parameters. The absorption 

coefficient α was calculated from the 

absorbance A by using the following equation 

[01]. 

α =
x

A303.2
  .......................................... (0) 

Where: x  is the film thickness, A is the 

absorbance. 

Fig.(0): shows the variation of absorption 

coefficient α with photon energy for the pure 

and doped PVA films with different 

concentration of Fe citrate (1, 1.0, 0.0, and 

2)% for samples (a, b, c, and d) respectively. 

In this figure an obvious increase in the 

absorption coefficient with increasing photon 

energy was observed for sample (a) which 

may be attributed to the electronic transition 

from the bonding molecular orbit to 

nonbonding molecular orbit as indicated by 

Abd Al-Kader [00]. Doped samples (b, c, and 

d) shows a continues high increasing in the 

absorption coefficient with increasing photon 

energy, also it can be seen from the figure that 

a new peaks were appearedin the low energies, 

and have the values (0.046) eV for sample (b), 

(0.060) eV for samples(c and d), also it  

can be notice that the absorption coefficient 

increases with the increasing of Fe doping 

concentrationas mentioned in Table (0), such 

behavior could be attributed to the existence of 

more transitions from higher vibration levels 

of the ground state to higher sublevels of the 

first excited singlet state [02]. 

 

 

 
Fig. (7) Variation of the absorption 

coefficient as a function of photon energy. 

 

 

 

 

 

 

 

Table (7) 

Properties of PVA thin films for different concentrations at photon energy (549eV). 
 

Samples MR(wt%) α (cm-7) R n K *71-4 εr εi σ (Ω.cm)-7*7177 

a 1 79495 9415 7459 1445 7491 1411174 1499 

b 149 94415 79495 4414 7494 4479 1411195 4491 

c 749 97455 75491 4415 7414 4441 1411115 5471 

d 4 97475 41454 4479 4449 4494 1411159 4479 
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Reflectance (R) of the films could be 

calculated using the following relation [03]:- 

 

R + T + A = 0 ......................................... (2) 

 

Where: T represent is the transmittance. 

Plot of reflectance R against photon energy 

are displayed in Fig.(2). It is clear from the 

figure that the reflectance of the pure PVA 

film increases gradually with increasing of 

photon energy within the range (0.00-

0..3)eV, this increasing indicate that the 

absorption is very low in region under energy 

gap, and decreasing the transmittance in this 

rang by the equation (2). After doping the 

reflectance for all samples is increased in low 

photon energiesregion and moving the curves 

vertex for direction this energies, then it 

decreased in high energies before and after 

dopingdue to a decreasing in the energy gap 

with increasing impurity percentage [03].  
The reflectance is increases with increasing 

impurity percentage as mentioned in Table (0), 

New peaks were appear in low energies 

(0.046) eV for sample (b), (0.060) eV for 

samples (c and d), which is an indication of 

change in the molecular structure degradation, 

polymer fragments, or free radicals of PVA 

and/or PVA/ Fe citrate films [0.]. 

 

 
Fig. (4) Reflection spectra as a function of 

photon energy of (a-d) PVA samples. 

 

Refractive index n is one of the 

fundamental properties for an optical material 

because it is closely related to the electronic 

polarization of ions and the local field inside 

materials [00]. The complex optical constant 

(refractive index) of the prepared sampleshas 

been calculated from the R using the following 

relation [06,05]. 

 

n =[0 +R/0–R] + [.R/(0-R)2–k2]0/2 .............  (3) 
 

Fig.(3): represent variation of the 

refractive index with photon energy for all 

films. In this figure the pure and doped PVA 

samples shows no different in curves between 

refractive index and reflectance because the 

refractive index depending on it. The 

refractive index were increases after doping in 

the low photon energies samples (b, c, and d), 

but it decreases in the high photon energy 

region and moving the curves vertex to low 

photon energies by increasing doping 

percentage, as well as new peaks were appear 

in low energies up to(0.046)eV for sample (b), 

(0.060)eV for samples (c and d).The increase 

in refractive index with increasing of Fe 

concentration as noticed in Table (0) can be 

attributed to the increasing of the backing 

density as a result of filler content [00]. 
 

 
Fig. (5) Variation of the refractive index as a 

function of photon energy. 
 

Fig.(.): Shows the relation between 

extinction coefficient k as a function of photon 

energy for all films. One can observe that for 

the pure PVA sample extinction coefficient 

increases gradually with the increasing of 

photon energy within the range (0.00-0.06)eV 

and hence high increase was happened in the 

beyond energies because of the operational 

absorption [04]. 

After adding impurity, formation of a new 

peaks were taken place (0.000)eV for samples 

(b, d) and (0.002)eV for sample (c). The 

extinction coefficient increases with the 

increasing of photon energy for all samples 

and with increasing impurity concentration, 

Table (0). Such behavior was observed in the 

absorption coefficient, which means that the 
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extinction coefficient is absorption coefficient 

related according to the following equation 

[04,21]:- 
 

k = 




4
  ................................................ (.) 

 

Where:   represent is the wavelength. 

 

 
Fig. (4) Variation of the extinction 

coefficient as a function of photon energy. 
The real εr and imaginary εi parts of 

dielectric constant related to (n) and (k) values 

were calculated using the relations [20]:- 
 

εr= n2 –k2  .............................................. (0) 

εi = 2nk  ................................................. (6) 
 

The dependence of the real part on the 

photon energy is shown in Fig. (0). It can be 

observed from this figure that the real part is 

depending on the refractive index according to 

equation (0) because the extinction coefficient 

effect is very small and could beneglected 

[03]. 

After doping the real part was increased 

with increasing impurity concentration, listed 

in Table (0), moving the curves vertex to low 

photon energies were happenedby increasing 

impurity percentage and a new peaks were 

appeared in the low photon energies(0.046)eV 

for sample (b), (0.060)eV for samples (c and 

d) these resultsmay be attributed to relating 

real part of dielectric constant with refractive 

index [03]. 

 

 
Fig. (9) Variation of the real part of dielectric 

constant as a function of photon energy. 
 

The imaginary part of dielectric constant as 

a function of photon energy is shown in 

Fig.(6). It is clear from this figure that the 

imaginary part depend onextinction coefficient 

according to equation (6) because the 

refractive index value is very small [03,22]. 

After doping with Fe the imaginary part of 

dielectric constant for the samples (b, c, and d) 

was increased with the increasing of photon 

energy and with increasing the doping 

concentration, Table (0). New peaks were 

appear in photon energies up to (0.0.0)eV of 

sample (b), (0.023)eV of (c) and (0.020)eV of 

(d) which indicates that the samples have the 

no same structure. Hence, the change in the 

doping concentration gave change in the 

chemical composition of the polymer as 

referred by Abd El-Kader [23]. 

 

 
Fig. (9) Variation of the imaginary part of 

dielectric constant as a function of photon 

energy. 
 

According to the inter-band absorption 

theory, the optical band of the films can be 

calculated using Tauc's relation [44]:- 
 

(αhυ)p = A(hυ–Eg)  ...................................... (1) 
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where α is the absorption coefficient, A a 

constant, h is Planck's constant, υ the photon 

frequency, Eg the optical band gap and p is an 

index which could take different values 

according to the electronic transition.  

The experimental data were fitted to the 

theoretical Eq.(5) for different values of p and 

the best fit was obtained for p=2 this behavior 

directed that the transitions are allowed direct 

transitions. The direct allowed band gap was 

determined by plotting (αhν)2 as function of 

photon energy E for samples (a, b, c and d) is 

shown in Fig.(5), the graph is a straight line 

and the value of Eg is obtained by extrapolating 
the linear portion of the graph to intercept the 

photon energy axis [20]. It was found that Eg 

reduces from (0..5eV) of pure sample to 

(0.36, 0.32, ..54)eV for samples (b,c, d) 

respectively. Showing the values of direct 

allowed gap is mentioned in Table (2). These 

values show that the presence of Fe leads to 

decrease in the optical energy gap for all 

samples according to the impurity 

concentration. The decrease in Eg with 

increasing Fe concentration can be understood 

by considering the mobility gap variation in 

the doped polymer. Also the decrements of 

(Eg) may be due to the transition between the 

molecular orbitals, which have highest 

occupied molecular orbitals instead of 

transition between valence–conduction band 
gap, polymers are usually amorphous insulators 
so one would consider the transition between 

the highest occupied molecular orbital and the 

lowest unoccupied molecular orbital instead of 

a valence–conduction band gap [26]. 

 

 
Fig. (1) Variation of (αһυ)4(eV/cm)4 as a 

function of photon energy. 
 

The width of the localized states available 

in the optical band gap affects the optical band 

gap structure and optical transitions and it is 

called as Urbach tail, which could be 

determined by the following equation [25]: 

α = αoexp (
Eu

E
)  ................................... (0) 

Where αo is a constant and Eu represent the 

Urbach energy which refers to the width of the 

exponential absorption edge. 

The values of Urbach energy were 

calculated as the reciprocal gradient of the 

linear portion of the plot. Moreover, Fig.(0) 

shows the plot of (ln α) versus photon energy 

E (eV) for all samples before and after doping. 

One can observe from this figure that the 

Urbach energy values were increased with  

the decreasing of energy gap and with the 

increasing of impurity concentrations, this 

behavior because the increase of defect levels 

in the allowed band gap by increasing Fe 

content [20]. Table (2) summarizes the values 

of Eg and Eu for different concentration. 

 

Table (4) 

Properties of PVA thin films at different 

concentrations. 
 

Samples MR(wt%) Eg(eV) Eu(eV) 

a 1 9441 1445 

b 149 9459 1499 

c 749 9454 1495 

d 4 4415 1497 

 

 
Fig. (9) Variation of (ln α) as a function of 

photon energy. 

 

The optical conductivity was calculated 

using the relation [24]: 
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σ = α n c / .π  ........................................ (4) 
 

Where σ represent the optical conductivity, 

c is the velocity of light. 

Fig.(4): represent the variation between 

optical conductivity σ with the photon energy 

for all samples. The behavior of pure sample 

(a) is different from the doped samples (b, c, 

and d) where optical conductivity of it is 

slightly increases in low photon energies and 

then at higher photon energies it increases 

remarkably, while after doping the optical 

conductivity continue high increasing with 

increasing photon energy this behavior is 

resemble absorption coefficient because the 

depending on it. 
Observe increasing in the optical conductivity 

with impurity concentrationas noticed in  

Table (0) causes to moving curves vertex to 

low photon energies and new peaks from 

energies (0.046) eV for sample (b), (0.060) 

eV for samples (c and d). 

 

 
Fig. (5) Variation of the optical conductivity 

as a function of photon energy. 

 

Conclusion 

In this work, the effect of Fe citrate 

impurity on the optical properties of PVA 

films has been studied, where the optical 

constants such as absorption coefficient, 

refractive index, extinction coefficient, real 

and imaginary parts of dielectric constant 

Urbach energyand optical conductivity were 

investigated. Results show that the optical 
constants of the pure PVA films were increased 

after doping and with increasing impurity 

concentration. Moreover the values of energy 

gap were decreased after doping and with 

increasing impurity concentration. No same 

structure was appearing of sampleshence, the 

change in the doped percentage gave change in 

the chemical composition of the polymer.  
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 ةالخلاص
 بسترات الحديدالمشوبه  PVAو  PVAرت أغشية ضح

(% بأستخدام 2, و5,0, 0,0, 0) ةمختلف بنسب تشويب
طريقة الصب. تم دراسة الخواص البصريه للأغشيه حيث 
سجل طيفي النفاذيه والامتصاصيه في مدى الاطوال الموجيه 

(200-000) nm تم حساب فجوة الطاقه البصريه ومقدار .
حيث قلت فجوة  ،التغير الحاصل فيها مع زيادة نسبة التشويب

 الى 5.,0الطاقه من 

. %2wtالكترون فولت بزيادة نسبة التشويب الى  57,. 
معامل  ،وجد بأن الثوابت البصريه مثل معامل الامتصاص

 ،ثابت العزل الحقيقي والخيالي ،معامل الخمود ،الانكسار
جميعها تأثرت بالتشويب حيث أظهرت  البصريهالتوصيليه 

طاقة النتائج أن الثوابت البصريه تزداد بزيادة نسبة التشويب. 
اورباخ والتوصلية البصرية تزداد بعد التشويب. زيادة عرض 

يؤدي الى  ما الكترون فولت .0,0الى  7.,0الذيول من 
نقصان في فجوة الطاقة حيث انخفضت بعد التشويب 

 النسب. هذهبالاضافة الى انخفاضها مع زيادة 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 


