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ABSTRACT 
Investigation on current conduction mechanism through Tb and Mn codoped Bismuth Ferrite grafted polyvinyl 

alcohol (BTFMO-PVA) nanocomposite film above room temperature is reported here in detail. Study of electrical 

properties of the film shows correlated barrier hopping model to be the dominant charge transport mechanism. 

Electric modulus spectra are well explained by modified Kohlrausch-Williams-Watts model. Complex impedance 
spectra of the nanocomposite film are explained by Maxwell-Wagner capacitor model. 

1. Introduction – Researches on the development and the characterisation of polymer nanocomposites

are very much in trend for their diverse potential applications in electronics [1]. Inclusion of nano-sized

filler in polymer matrix element can enhance the multifunctional properties of the host polymer.

Polyvinyl alcohol (PVA) is a widely used polymer due to its low cost, good dielectric constant,

flexibility, reasonable tensile strength, good charge storage capacity [2]. In this work, Tb and Mn codoped

BiFeO3 (BTFMO) NPs are embedded in PVA matrix. Bismuth Ferrite (BiFeO3) is an important room

temperature multiferroic material. Enhancement of electrical, magnetic properties has been reported with

the doping of other ion at A or B site of Bismuth ferrite [3].

2. Experimental – Tb and Mn codoped BiFeO3 (Bi0.95Tb0.05Fe0.95Mn0.05O3) nanoparticles (NPs) calcined

at 550° C are synthesised by sol-gel method using nitrate as precursors. Next, 2.0 wt% of BTFMO are

grafted in prepared polyvinyl alcohol (PVA) solution and by drop casting method, the nanocomposite

film is achieved followed by natural drying.

Here current conduction mechanism of Tb and Mn codoped BiFeO3 grafted PVA (BTFMO-PVA)

nanocomposite film above room temperature is studied elaborately. To study the electrical properties, a

capacitive system (metal-dielectric-metal) is prepared by applying silver electrodes on both sides of a

small square strip of the nanocomposite film (parallel plate configuration). Temperature dependent AC

electrical measurements are done studied in the frequency range 20Hz - 2MHz using Agilent E 4980A

precisión LCR meter. The current-voltage (I-V) characteristics are measured with a two-probe system of

Keithley 2450 source measure unit alongwith Kickstart software.

Figure 1 (a) Top view of the synthesised BTFMO-PVA nanocomposite film, (b)  FESEM image of the film.  
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3. Results and Discussion – Surface morphology of prepared BTFMO-PVA film is observed by field

emission scanning electron microscopy (FESEM). Figure 1 (b) shows the FESEM image of the

nanocomposite film sample. BTFMO nanofillers are seen to be well grafted in PVA film matrix.

Figure 2 (a) show Arrhenius fittings of  log of AC electrical conductivity ( )ac  versus inverse of absolute 

temperature ( )T310  at different frequencies (500KHz, 800KHz, 1MHz, 1.5MHz & 2 MHz). These plots 

show that in the lower temperature region, ac conductivity increases with the increase in frequency 

reflecting the dispersion of conductivity with frequency. With the increase in temperature,  conductivity 

dispersion region has been reduced and all the curves of different frequencies tend to merge at higher 

temperature. Conductivity  rises with the increase in temperature exhibiting negative temperature 

coefficient of resistance (NTCR) behaviour. The reduction in barrier properties may be a responsible 

factor for the enhancement of AC conductivity due to the effect of increasing temperature as well as 

frequency [4-5]. The presence of different slopes in each curve at different temperature regimes indicates 

different current conduction mechanisms having multiple activation energies. Since the activation 

energies are much smaller in the temperature regime 358K-403K,  the conduction processes occur in 

narrower energy band around the chemical potential. Hence transport of charge requires hopping 

conduction mechanism through localised states [4]. In lower temperature regime (305K-348K), activation 

energy decreases as the frequency increases. Due to the high activation energy, the conductivity decreases 

as temperature increases. The nature of variation of 
ac over a wide temperature range follows thermally 

activated transport properties of materials obeying Arrhenius equation, 
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where 
0  is a constant , 

AE  is the activation energy, and 
Bk is Boltzmann’s constant. The extracted values 

of activation energy are listed in Table I. 

Figure 2 (a) Variation of AC conductivity with temperature of BTFMO-PVA film, (b) Frequency variation of AC conductivity of the sample (inset 

shows temperature variation of ‘S’). 

Variation of total measured conductivity with frequency obeys Universal Dielectric Response which can 

be expressed as follows [6-7], 

   
S
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where dc  is the DC contribution to the measured conductivity,   is a constant and the frequency 

exponent  S ≤ 1. The values of S are determined from ),(ln Tf  vs. fln plot [shown in Fig. 2 (b)]. The 

value of S decreases with increase in temperature which is shown in the inset of Fig. 2 (b). The nature of 

S indicates that the conduction mechanism is governed by Correlated Barrier Hopping (CBH) model [8] 

according to which, the charge carriers tend to hop over a potential barrier between two defect sites.  
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Table I Derived electrical parameter (activation energy) from Arrhenius plot 

Derived electrical parameters 500 KHz 800 KHz 1 MHz 1.5 MHz 2 MHz 

EA (eV) at high temperature 

region 

0.11 0.15 0.16 0.18 0.19 

EA (eV) at low temperature 

region 

0.86 0.62 0.55 0.43 0.36 

Complex impedance spectroscopy (CIS) is a useful tool to  study the charge (bound/mobile) dynamics in 

the bulk or interfacial regions of materials. The experimental data of complex impedance can be 

understood  using Maxwell-Wagner capacitor model as follows [2], 
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where )(/ fZ and )(// fZ are the real and imaginary part of complex impedance respectively,
0C is the

capacitance of free space. Figure 3 shows impedance spectra (Nyquist plot) of BTFMO-PVA 

nanocomposite film simple at different experimental temperatures. The plots are semicircular arc in the 

higher frequency region. It tells about the presence of grain interior property of the material [2]. Diameter 

of the semicircle decreases with the increase in temperature which signifies the decrease in bulk 

resistance of the material. 

 Figure 3 Impedance spectra (Nyquist plot) of BTFMO-PVA nanocomposite film at higher temperatures (inset shows Impedance spectra (Nyquist plot) 

of the film simple at lower temperatures).  

To study the dielectric relaxation in charge conduction mechanism in semiconducting materials, electric 

modulus spectroscopy is frequently used. Complex electric modulus is formulated as, 
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where ( )f   and ( )f   are the real and imaginary part of dielectric constant. Figure 4 (a)–(b) exhibit the

frequency dependence of real part ( )M   and imaginary part ( )M   of complex electric modulus of

BTFMO-PVA nanocomposite film sample. M   increases with increasing frequency showing a step like 

transition. The M  spectra exhibit well-defined peak indicating the presence of relaxor property in the 

simple material. The peaks shift towards high frequency range with the increase in temperatura. It shows 

temperature dependent hopping type conduction mechanism. Modified Kohlrausch-Williams-Watts 

(KWW) model is applied here to analyse the assymetric nature of the characteristic peak of the electric 

modulus spectra. The imaginary part ( )M   of the complex electric modulus is formulated as follows [9],
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where ‘ a ’ and ‘ b ’ are the shape parameters. The extracted values of ‘ a ’ and ‘ b ’ are listed in Table II. 

It is seen that ‘ a ’ is closer to unity than ‘ b ’. Hence the low frequency region of the peak is near to ideal 

Debye-type behaviour than that of the high frequency region.  

Figure 4 (a) The frequency variation of real part ( )M   of complex electric modulus of BTFMO-PVA nanocomposite film,  (b) the frequency 

variation of imaginary part ( )M   of complex electric modulus of the film sample.

Table II Derived electrical parameters (shape parameters) from from electrical modulus spectra analysis. 

Derived electrical parameters 350 K 360 K 373 K 385 K 405 K 415 K 

a 0.99 0.98 0.97 0.95 0.95 0.93 

b 0.65 0.60 0.57 0.56 0.47 0.46 

The non-linear current-voltage (I-V) characteristics of BTFMO-PVA nanocomposite film are studied 

within the applied voltage range ± 30 V. Figure 5 (a) shows rectifying nature of I-V characteristics curve 

at different experimental temperaturas. Leakage current conduction mechanism in the nanocomposite 

system can be explained by Schottky emission (SE) model as follows, 
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where A is the effective Richardson’s constant, B  is the Schottky barrier height at zero potential, q  is 

the electronic charge, 0 is the free space dielectric constant, r is the optical dielectric constant and Bk

is Boltzmann’s constant. In Fig. 5 (b), Jln  vs. 21E  plots of the film sample is shown at different 

experimental temperatures. Extracted values of B  and  r  are listed in Table III. With the increase in 

temeperature both the values of Schottky barrier height and optical dielectric constant decrease. 
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Figure 5 (a) lnI - V curves at different experimental temperatures for BTFMO-PVA nanocomposite film, (b) Jln  vs. 21E  plots at different 

temperatures.

Table III Derived electrical parameters (Schottky barrier height at zero applied field, optical dielectric 

constant) of the film sample from I-V characteristics study. 

Derived electrical parameters 300 K 330 K 365 K 385 K 405 K 

Schottky barrier height at zero applied fied 

( B ) (eV)

2.24 1.96 1.39 1.04 0.83 

optical dielectric constant ( r ) 0.67 0.42 0.21 0.18 0.12 

4. Conclusions – In this work, we report detailed investigation on charge conduction mechanism in

BTFMO-PVA nanocomposite film system. The film exhibits negative temperature coefficient of

resistance (NTCR) behaviour. Existence of multiple activation energies implies different current

conduction mechanisms at different temperature regions. Correlated barrier hopping model explains the

electrical transport mechanism through the polymeric matrix. Non-Debye type relaxor property is also

observed which has been further explained by modified Kohlrausch-Williams-Watts (KWW) model.

Complex impedance of the nanocomposite film is described  using Maxwell-Wagner capacitor model.

The film exhibits charge storage ability that has potential application in electronic world.

5. Acknowledgements – The authors acknowledge DST-SERB (Grant No. EMR/2016/001409), DST-

INSPIRE, Govt. of India, for the financial support during this work.

6. References

[1] T. Prabhakaran, J. Hemalatha, Journal of Polymer Science Part B: Polymer Physics 46 (2008) 2418.

[2] M. Halder, A.K. Das, A.K. Meikap. Materials Research Bulletin 104 (2018) 179.

[3] S.M. Hossain, A. Mukherjee, S. Basu, M. Pal. Micro and Nano Letters 8 (2013) 374.

[4] S.N. Das, A. Pattanaik,  S. Kadambini, S. Pradhan, S. Bhuyan, R.N.P. Choudhary. Journal of

Materials Science: Materials in Electronics 27 (2016) 10099.

[5] A.K. Jonscher. Nature 267 (1977) 673.

[6] S. Sinha, S.K. Chatterjee, J. Ghosh, A.K. Meikap. Journal of Applied Physics 113 (2013) 093703.

[7] S.R. Elliot. Advances in Physics. 36 (1987) 135.

[8] R. Sinha, S. Basu, A.K. Meikap. Physica E 69 (2015) 47.

[9] P.B. Macedo, C.T. Moynihan, R. Bose. Phyiscs and Chemistry of Glasses 13 (1972) 171.

M&Ns-19, Paris, 17-19 July 2019 Pag. 8




