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Abstract: we have studied the variation of optical band gap energy of  pure  and  Lanthanum  nitrate

3 3[La (No ) ] doped poly (vinyl alcohol) (PVA) films in the wavelength range 300nm-900nm.The optical

band gap energy values in the present work are found to be 3.10ev, 3.02ev, 2.91ev, 2.83ev, 2.68ev and

3 32.43ev. Direct current electrical conductivity (σ), Dielectric constant (ε) of pure, La (No )  doped PVA

films with and without γ- irradiation in the temperature range 50 C-132 C have been investigated. The dc0 0

electrical conductivity increases with increase in dopant concentration and temperature. The results

revealed that γ- irradiation enhances the electrical conductivity. The variation of dielectric constant (ε) with

temperature before and after irradiation, is due to the intermolecular hydrogen bonding between La  ions3+

3 3of (La (No ) ) with OH group of PVA. The decrease in optical energy band gap and increase in electrical

conductivity due to doping and irradiation indicates the semi conducting nature of 

PVA: La films. 3+ 
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INTRODUCTION

Polymer based materials provide a variety of

interesting and new properties, which have attracted

materials science and technological researchers, because

of wide range of applications in various fields. This is

mainly due to their salient features such as low cost,

ease of handling, high environment stability, electrical,

optical and mechanical properties. They have been

chosen as a host matrix material. Doping of metal salts

to organic polymer modifies its properties needed to a

particular application in modern engineering , which[1]

facilitate the realization of novel electronic devices.

Depending on the chemical nature of the doping

substances and the way in which they interact with the

host matrix, the dopant alters the physical properties to

different extents . Polymeric materials offer a high[2-6]

degree of freedom and flexibility in the design of the

materials, devices and systems. This provides the

opportunity to realize low cost electronic applications.

Applications range from optical, electrical and

mechanical coatings to novel materials for biochemistry

and polymer Micro- Electronic-Mechanical-Systems

(MEMS) technology. 

A vinyl polymer, namely polyvinyl alcohol (PVA)

has several interesting physical properties, which are

very useful in material science and technical

applications. PVA, as a semi crystalline water soluble

material exhibits certain physical properties resulting

from crystal-amorphous interfacial effects . In many[7 ,8]

technical applications, the observation of change in

polymer structure is very essential. Optical and

electrical studies constitute the most convenient and

sensitive methods for studying the polymer

structure .These are influenced not only by the[9 ,11]

structure and nature of the dopant but also by the

doping concentration and preparation methods. γ-

Irradiation is another important technique effective in

producing modification in the properties.

This paper deals with the careful investigations of

various factors which affect polymer structure, hence

optical and electrical properties of doped films with

and without irradiation has been carried out.

MATERIALS AND METHODS

3 3 2The PVA and [La (No ) ].6H O used in this work

has been taken from sigma-Aldrich com. PVA: La3+

films were prepared at room temperature by solution

casting method. A known quantity of PVA was

dissolved in double distilled water and then heated

gently, using a water bath to prevent thermal

decomposition of polymer. The hot solution was stirred

until the polymer is completely dissolved and forming

a clear viscous solution. This is called PVA stock

3 3 2solution. Also required quantity of (La (No ) ).6H O

was dissolved in doubly distilled water to get the

desired  concentrations  (5,  10,15,20,25 mol %) and
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mixed with PVA stock solution, stirred thoroughly with

a magnetic stirrer. The PVA: La  solution filtered to3+

remove air bubbles trapped in the solution while

stirring and kept aside for required amount of duration

to get proper viscosity. Known quantity of obtained

solution was poured on to a leveled clean glass plate

and left to dry at room temperature. After 48hrs, the

films were peeled off from the glass plate and kept in

vacuum decicator. The peeled film was cut into pieces

suitable for measurements. The thicknesses of the films

ranging from 0.21mm to 0.40mm were obtained .[12]

Thickness measurements were made using a

micrometer. 

The samples were irradiated for different dosages

0 1/2of γ- rays using C  (T  =5.26 yrs) at room60

temperature.

The optical studies of the PVA: La  has been3+

analyzed using Ocean optics Spectrophotometer, Model

No USB 2000, USA. The transmittance spectra in the

region 300nnm – 800nm has been collected and optical

g parameters α, and E has been evaluated. The dc

electrical conductivity (σ) was measured by four point

probe technique.

RESULTS AND DISCUSSION

Optical Studies: Fig (1) shows the plot of

transmittance versus wavelength for PVA and PVA:

La3  (5, 10,15,20,25 mol %) recorded at room+

temperature. From the graph it is evident that pure

PVA has highest transmission (i.e., 92% at 800nm) and

decreases with increase in La3+ concentration. This is

due to the formation of inter molecular hydrogen

bonding between La ions with the adjacent OH3+ 

groups. From the transmittance spectra, the absorption

co-efficient α has been determined using the

formula  α = 2.303log(1/T)/t where‘t’ is the[13 ,14]

thickness of the film and T is the percentage of

transmittance. The optical band gap energy for an

indirect transition has been determined using the

opt relation . E = hυ – (α hυ/β)  where β is a constant.[15]  1/2

(αhυ)  and hυ plot (Fig. 2.) for pure PVA and PVA: 1/2  

La3  (5, 10,15,20,25 mol %) shows the linear behavior,+

which can be considered as an evidence for indirect

opt allowed transition. Optical band gap energies (E )

have been evaluated by extrapolating the linear region

of the curve to a point (α hυ) = 0. The variations of 1 /2  

optical band gap energy (Eg) with mol% of Lanthanum

are shown in fig (3). The optical band gap energies

obtained in the present work are of better order

compared to the earlier work .  From the table I, it[16 ,17]

is  evident  that the optical band gap energy goes on

3 3Table 1: The optical band gap energies for pure and (La (No ) )

doped PVA films.

Dopant (M ol % ) Energy gap (eV)

Pure PVA 3.10

5 3.02

10 2.91

15 2.83

20 2.68

25 2.43

decreasing with the increase in dopant concentration.

This indicates that with increase in Lanthanum

concentration, makes PVA film more semiconducting.

Dc Electrical Conductivity: Dc electrical conductivity

(σ) was studied for the pure, La doped (5, 10, 15, 203+

25 mol%) and γ- irradiated  for the dosages 300

CGY/min, 600CGY/min and 900 CGY/min films using

four point probe technique. The variations of log σ Vs

1/T for all the films were studied. It has been observed

that dc conductivity increases with increase in dopant

concentration, temperature and γ- dosage. The increase

in conductivity at high temperature may be considered

for the liberation of electrons or ions through the

amorphous region of PVA, and another probability is

the internal stresses in the doped sample may also play

a role in the motion of charge carries . Due to γ-[18 ,19]

irradiation, ions and free radicals are formed and

partially trapped in the specimen. In addition to this,

irradiation was carried out in air, and, hence the

obtained gaseous ions around the films might have

been produced on surface of the film .[20]

Fig. 4. represents the plots of log σ Vs 1/T for

3 3pure  and  5 mol% (La  (No ) ) doped  PVA films.

The electrical conductivity for pure PVA samples is

less than that for the doped PVA films. This is because

of Lanthanum ions coordinated through ionic bonds

with hydroxyl group belonging to the different chains

in PVA. This causes to reduce the intermolecular

3 3interaction between them or the addition of (La (No ) )

increasers the volume required for ionic carriers to drift

in the polymer matrix. This enhances the ionic

mobility. Doped PVA films showed larger conductivity

than undoped films and increases with film

temperature. This is consistent with that previously

reported in the literature . [21]

Increase in dopant concentration, temperature and

γ- irradiation enhances the electrical conductivity that

has been observed in the figs (4-6). This increase in

conductivity is due to diffusion of dopant into the

polymer matrix and the effect of ionizing γ- irradiation

on polymer is to rupture ionic bonds and release of

free radicals, ions, and electrons, which are able to

migrate  through the network resulting to a change in
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3 3Fig. 1: Transmittance versus wavelength spectra of pure and [La (No ) ] doped PVA films

3 3Fig. 2: Optical energy band gap of pure and [La (No ) ] doped PVA films
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3 3Fig. 3: Variation of the optical energy band gap of pure and [La (No ) ] doped PVA films

Fig. 4: Variation of electrical conductivity of pure, unirradiated and irradiated PVA: La  (5mol %) films3+
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Fig. 5: Variation of electrical conductivity of pure, unirradiated and irradiated PVA: La  (15mol %) films3+

Fig. 6: Variation of electrical conductivity of pure, unirradiated and irradiated PVA: La  (25mol %) films3+
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Fig. 7: The temperature dependence of dielectric constant (g) for pure, unirradiated and irradiated PVA: La3+

(15mol %) films

Fig. 8: The temperature dependence of dielectric constant (g) for pure, unirradiated and irradiated PVA: La3+

(25mol %) films
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electrical conductivity. From the graph it is evident

that, the increase in conductivity due to dopant

temperature and γ- irradiation depicts semiconducting

nature of PVA.

Dielectric Constant: The dielectric constant

measurement of pure and Lanthanum doped PVA films,

before and after γ- irradiation, as a function of

temperature were studied. Fig (7) shows the variation

of dielectric constant (ε) with temperature for pure and

15 mol% of Lanthanum doped and γ- irradiated films.

Starting from room temperature up to 350 K the ε (T)

variation is small and there is little overlapping below

350K for different concentrations.  Above 350 K the

increase of dopant and γ- irradiation, increases the

magnitude of dielectric constant with temperature. By

increasing temperature, creation of carbonyl groups

which are highly polar, causes a remarkable increase in

dielectric constant . Fig (8) show that the value of ε[22]

increases with increasing γ- irradiation over the whole

temperature range. The induced radiation effect on pure

and doped polymer may decrease the disorder of the

dipolar groups so the permittivity and the dielectric

properties increase. Increase in ε (T) with temperature

indicates that the dependence is governed mainly by

the interaction on La  with-OH group of PVA and3+

forms complex in the form of inter molecular hydrogen

bonding . These interactions may involve the[23]

alignment or rotation of the dipoles present in the

polymer with temperature. 
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Conclusion: Pure PVA has answered for optical band

ggap energy (E ) = 3.10 eV.  Increase in dopant

g,concentration decreases optical band gap energy (E )

and increases the electrical conductivity. Doped,

undoped and irradiated samples have answered almost

for similar variation of dielectric constant (ε) with

temperature upto 350K. Beyond this there is an

increase in dielectric constant (ε). This increase in

dielectric constant (ε) is more in case of irradiated

samples.

Further work at high temperature may reveal

whether the doped polymer is behaving like

ferroelectric material, beyond 400K. Direct current

electrical conductivity (σ) measurement in PVA doped

sample reveals the role played by the dopant, whereas

irradiation adds to the further enhancement of direct

current electrical conductivity (σ) in case of doped

PVA films.
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