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Abstract :  -Polyvinyl alcohol films of different 
thickness and also of 120 micron PVA films doped 
with ferric Chloride  upto  (5%wt) were prepared in 
order to investigate the effect of ferric Chloride 
addition on the electrical properties of PVA host. The 
dielectric permittivity, dielectric loss, and ac 
conductivity were studied in the frequency range 100 
Hz -100kHz at room temperature about 300c . The 
dielectric permittivity , dielectric loss , and ac 
conductivity σ, were determined using the measured 
values of capacitance and dissipation factor. It is 
found that the value of  decreases with increase in 
frequency and increases with the  film   thickness  
while  dielectric loss shows variation with 
frequency ,for ferric Chloride  doped films the values 
of &  vary anomalously with increasing the 
content of  ferric Chloride .The a.c. conductivity of 
pure PVA films increases with the films thickness 
and varies almost linearly with frequency further it is 
also found that there  is a variation in conductivity of 
Ferric Chloride doped PVA film with increase in 
Ferric Chloride Concentration.The ac conductivity σ 
is found to obey the power law Bωs.The frequency 
expoential factor is found to vary between 0.92 and 
0.45,dependant on the content of FeCl3. 
 
Keywords:  Polymer thin films (PVA), Dielectric 
permittivity  , Dielectric Loss  and a.c 
conductivity  σ. 
 

1.Introduction  : 

In recent years polymers have been a subject of 

considerable interest because of their physical and 

chemical properties. Polymers are widely used 

ininsulation, electrical industries as well as in micro 

electronics. Different polymers films i.e pure and 

doped with different additives is used in various 

medical, biological and technological applications. 

Among polymer PVA films (doped and undoped) 

have been the subjects of several investigators, 

because it has many applications in industry due its 

low cost and excellent durability. It is used in various 

applications including polymerization aid to make 

polyvinyl acetate dispersion for the preparation of 

glues, paper coating, paper adhesives, thickner, 

protective chemical resistant gloves, eye treatment, 

polymer in capsulated nano beads and in food 

products. Organic / inorganic nano composites are 

extremely promising for applications in light– 

emitting diodes, photo diodes, photo voltaic cells, 

smart micro- electronic devices and sensing devices. 

PVA is also used in electronics for the fabrication of 

MOS capacitors or transistors as a get insulator as 

presented by Bong – Jin Kim et at (2011), LED 

sensors, and electro chemical cells. 

PVA is a potential material having high dielectric 

strength, good charge storage capacity, high 

flexibility and its electrical conductivity. The 

electrical and optical properties depends upon the 

dopant .It contain carbon chain back bone with 

hydroxyl group attached to methane carbon , see 

fig(1).these OH groups can be the source of hydrogen 

bonding, assist the formation polymer electrolytes 

and plays an important role in determining physical 

snd chemical properties of  PVA. 

 

Fig (1) Structure of PVA  

In polymer thin films effects due to confinement and 
interfacial interaction are responsible for different 
physical phnomenon that change with film 
thickness.They have high conductivity, light in 
weight, inexpensive flexible etc. Polyvinyl alcohol 
(PVA) is good protective colloids for aqueous 
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emulsion .The electrical properties of polymers can 
be suitably modified by the addition of dopants 
depending upon their reactivity with host matrix.  

In this paper, the dielectric permittivity, dielectric 
loss, and are conductivity of polyvinyl alcohol doped 
with FeCl3 at different frequencies has been carried 
out at room temperature, to understand the role of 
dopant when added in varying concentrations to a 
polymer matrix. 

                II   Materials And Method 

A) Materials: Polyvinyl Alcohol (MW 1,15000, 
FeCl3(99% Purity),  Distilled water is used for 
preparation of various samples. 

B) Apparatus:  

     LCR meter Q-6018, Thermometer  

C) Synthesis of Polymer Thin films 

The doped and undoped poyvinyl alcohol films were 
prepared by solution evaporation technique.A 
solution of 4wt% PVA was made in distilled water 
and poured into clean & dry petri dishes, allowed to 
evaporate slowly at room temperature for 72-80 hrs to 
get a transparent dry solid film of uniform thickness. 
PVA films of different thicknesses were prepared by 
varying the quantity of PVA aqueous solution poured 
in glass petri dishes. Five PVA films of 
approximately 100 microns, 120 microns, 130 
microns, 150 microns and 180 microns respectively 
were prepard. Similarly, FeCl3 doped PVA films 
were prepared by doping FeCl3 in PVA aqueous 
solution with 5,4,3,2 and 1 wt% of PVA weight 
respectively. The doped PVA films with FeCl3 were 
prepared of the order of 120 microns. 

D) Electrical Conductivity measurements: 

Ag- PVA-Ag and FeCl3 doped Ag-PVA-Ag sandwich 
structure of film capacitors were fabricated using 
Silver coated brass plates. The capacitance and 
dissipation factor of the prepared PVA films (doped 
& undoped) were measured in frequency range 100 
Hz – 40 kHz at room temperature 300c , by using  
LCR meter .The electrical parameters i.e. dielectric 
permittivity  ,dielectric loss and  ac 
conductivity σ were calculated from capacitance and 
dissipation factor . 

    ----------------------- > (1) 

    ----------------------> (2) 

    -----------------------> (3) 

Where, C is measured capacitance of the capacitor 
with film as dielectric in farads. 

d   is thickness of the film in meters.  

is the diaelectric  constant of  vacuum 8.854*10-12 
F/m 

A is Area of cross section of capacitor in Sq.meter. 

D is dissipation factor, 
 

The loss of tanδ were determined from the values of 
and  by using equation   

=  tanδ. 

Where δ is the phase angle between the electric field 

and the polarization of the dielectric. 

Result and Discussion:  

The electrical measurements capacitance, dissipation 

factor were carried out by using LCR meter 

Q6018.The obtained results of dielectric permitivity 

ε’, The dielectric loss ε”,a.c. conductivity (σ )  of pure 

PVA fims of different thicknesses and PVA-FeCl3 

composites of different concentration of FeCl3 were 

obtained  at frequency range 100Hz to 40KHz room 

temperature  300c.The dielectric permitivity ε’ is the 

measure of the energy stored per cycle. When 

polymeric material is subjected to in electric field 

there is a variation in dielectric permitivity of pure 

PVA films by varing the  

thicknesses with the frequency variation at room 

temperature in Fig 2. The values of ε’ decreases 

slowly with increase in frequency at all thicknesses 

due to the polar nature of PVA. Verifying the fact 

that for polar materials the frequency increases the 

value of ε’ begins to drop, which could be due to the 

dipoles are not able to follow the field variations at 

high frequencies .In Fig (2) it is also observed that the 

value of ε’ increases with increasing the film 

thickness this may also due to increasein number of 

polar groups. 
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Fig (2) Dielectric permitivity ε’verses             

frequency of pure PVA films of different thicnesses 

         The dielectric loss ε”is a measure of the energy 

lost per cycle when polymeric material placed in an 

electric field.Fig (3) also shows that there is variation 

in ε” with frequency for five different thicknesses of 

PVA films at 300c.The value of ε” initially decreases 

with increases with frequency up to 40 kHz .In case 

of aqueus grown PVA  

films it is found that the vaue of ε” increases with the 

film thicknesses ,which may due to variation in 

degree of syndiotacticity of PVA chain and also due 

to the increases in water traces. 

 

Fig (3) Dielectric loss ε” verses frequency of pure 

PVA films of different thicnesses 

The electrical conduction behaviour of polymer 

depend upon material.There is variation of 

a.c.conductivityσ(Sm-1) of these PVA films at 300c 

with Frequency is depicted in fig (4).The a.c. 

conductivity increases with increases the frequency 

and thicknes 

 

Fig (4) a.c. conductivity (σ ) verses frequency of pure 
PVA films of different thicnesses  

 

The variation of dielecric constant ε’, dielectric   loss 
ε”with frequency for pure and FeCl3 doped PVA 
films of 120 micron thickness at 300c is shown in fig 
(5) & (6).It is observed that ε’and ε”decreases with 
increase of frequency.The value of ε” is found small 
for all FeCl3 doped PVA films in comparison with the 
values of pure PVA film of equal thickness, which 
may be due to the increase in crystalline structure of 
PVA chains in the films. 

              

 

 Fig( 5) Dielectric permitivity ε’verses frequency of 
FeCl3 doped PVA films . 

Fig(6) Dielectric loss ε” verses frequency of FeCl3 

doped  PVA films 
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The measured value of ac conductivity with 

frequency of pure and doped by FeCl3 PVA films of 

nearly equal thickness at 30 0c is  

depicted in fig (7) .It is found that conductivity 

increases with increase of frequency. 

 

   Fig (7) a.c. conductivity (σ ) verses frequency of 
FeCl3 doped  PVA films. 

 

Fig (8) Log a.c. conductivity (σ )verses Log ω of Pure  
PVA films  

 

Fig (9) Log a.c. conductivity (σ ) verses Log ω of 
FeCl3 doped  PVA films  

The values of frequency dependence Ѕ for different 
FeCl3concentration are evalated for linear slope of  

 

Log σ ac against Logω, as illustrated in fig (8)and(9). 
The obtained value of S decrases with the increasing 
FeCl3 content at  room temperature as shown in Table 
(1) .From the value it is confirmed that σac obeys 
power law  and the values of s are with in 0<s<1  

   Table(1): Variation of  S  with FeCl3    
concentration   in Pure PVA thin Film 

 

 

 

 

 

Conclusions 

In this study the polymer thin films of pure PVA and 

doped by FeCl3 are synthesized using Solution 

Casting Techinique. From the studies it has been 

found that,  

1) The polymer thin films were synthesized 

economicaly,   conveniently   and quickly. 

2) The conductivity of pure PVA flims increases with 

the frequency and further increases by adding 

different % of FeCl3 in PVA host. 

3) As FeCl3 content and Frequency increases the 

dielectric permitivity, dielectric loss and ac 

conductivity of PVA host increase. 

4) The ac. Conductivity obeys power law  

σ( ω) α ωS and the frequency exponant decreases with 

increases of dopant content. 
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