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Abstract: Polypyrrole and polypyrrole/copper zinc iron oxide (CuzZnFe,0,) nanocomposites are synthesized by
in-situ polymerisation in different weight percentages using oxidation method. Dielectric and conductivity
behaviours of Polymer nanocomposites of various composition were investigated using impedance spectroscopy
at different temperatures and frequencies (100 Hz—5 MHz). The dielectric properties of host polymer matrix
have been improved by the addition of nanoparticles and are found to be highly temperature dependent. Both
Dielectric constant and Dielectric loss decreased with increase in frequency for all composites, indicating a
normal behaviour of dielectrics. Increase in dielectric constant and dielectric loss was observed with respect
to temperature, which is attributed to increase in number of dipoles due to thermal energy. Dielectric relaxation
is observed at low frequency range, relaxation time is calculated from the dielectric loss peaks. The highest
conductivity was observed at 373K for all nanocomposites. The significant increase in dielectric constant makes
them a potential candidate for dielectrics in capacitors used for decoupling, timing, filtering, and many other
functions.
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I.  Introduction

Nanotechnology has high impact in creating new classes of materials with enhanced functionality and
a wide range of applications. Polymer Nanocomposites belong to this class and form an exciting field of
research. As they exhibit amazing combination of properties they find applications in EMI shielding, electronic
devices, Microwave absorbers, sensors, rechargeable batteries etc;[1]. Conducting polymers are class of
polymer that possess good tunable electrical conductivity. But they are chemically sensitive and have poor
mechanical properti; on the other hand, nanomaterials exhibit good mechanical properties. Thus
nanocomposites formed by blending conducting polymers with inorganic nanoparticles like oxides, possess all
the good properties of both the constituents and hence enhanced utility thereof. The properties of
nanocomposites of such kind are strongly dependent on concentration of polymer. The state of dispersion of
nanoparticles in the polymeric matrix has often a large impact on the properties of polymers[2]. In polymer
nanocomposites conductivity depends on various factors such as filler morphology, size, loading concentration,
compactness and interfacial interaction. The dramatically larger chain-particle interface area in the case of
nanocomposites makes effects appearing negligible in microcomposites very prominent in nanocomposites [2-
4] Polypyrrole (Ppy) is one of the most attractive polymers due to its special transport properties, facile
synthesis, higher conductivity and good environmental stability. Polypyrrole has the advantages real
applications in batteries, electronic devices, optical switching devices, functional electrodes, sensors and so
on.[5]. ]. Nano crystalline ferrites are materials of considerable interest due to their unique dielectric, magnetic
and optical properties. Copper zinc iron oxide nano particles (copper zinc nano ferrites) are used in sensors-
LPG sensing.[6] Copper zinc iron oxide nano particles of size <100nm are selected for our investigation.

In this paper we report AC conductivity and Dielectric properties of PPy/CuZnFe,O, nanocomposites
of different compositions.

1. Experimental Details
Chemicals - The monomer pyrrole, oxidising agent Ammonium persulphate, nanopowder Copper zinc
iron oxide, acetone were purchased from Sigma Aldrich. All chemicals were of analytical grade and used as
received without any further treatment.

2.1. Synthesis of Polypyrrole

PPy was synthesized by in-situ polymerization of monomer pyrrole in the presence of oxidising agent
ammonium persulphate. 0.3M pyrrole taken in a round bottomed glass flask was placed in an ice tray mounted
on a magnetic stirrer. 0.6M Ammonium persulphate was added drop wise using a burette to the above 0.3M
pyrrole. The reaction was carried out for 5 hours under continuous stirring maintaining temperature of 0 to 5
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degree Celsius. The resulting precipitate was removed by filtration by suction. The polypyrrole powder thus
obtained was then dried in a hot air oven and subsequently in a muffle furnace at a temperature of 100 degree
Celsius. The yield was 2.15 gm, taken as 100Wt% [7].

2.2. Synthesis of Ppy/ Cuznfe,0,nanocomposites.

PPy /CuznFe,O4 nanocomposites were synthesized by the same method. For 0.3M pyrrole solution,
0.215 gms (10 wt.%) of CuZnFe,O, was added and mixed thoroughly in a round bottomed flask. O.6M
ammonium persulphate was added drop-wise with the help of burette to the above solution and the entire
procedure is repeated to get 10wt% composite. Similarly 0.430g, 0.6g, 0.860g, 1.075g of nanopowder is taken
and the entire procedure is repeated to get 20, 30, 40 and 50 wt% PPy/ CuZnFe,O, nanocomposites.. The
immiscibility of heterophases of the polymer and CuzZnFe,O, constituents has been resolved by ultrasonicating
the mixture, which has ensured the homogeneous dispersion of nanoparticles in the polymer matrix.

2.3 Preparation of Pellets:

The pure polypyrrole and PPy/CuzZnFe,O, nanocomposites are pressed in the form of pellets of
diameter 10mm and thickness 1 to 3 mm, using hydraulic press by applying 10-12 tons of pressure. The pellets
of the synthesized composites are coated with silver paste on either side of the surfaces to obtain better contacts
for conductivity measurements[8].

2.4 AC Conductivity Measurements
An analysis of ac conductivity and dielectric properties of PPy nanocomposites has been carried out

using impedance spectroscopy on application of a small a.c. signal across the sample (pellet) which is
sandwiched between two stainless steel electrodes under spring pressure. Complex impedance parameters (i.e.,
capacitance, dissipation factor, impedance, Resistance and phase angles parameters) were measured with a
computer-controlled impedance analyzer ((Wayn kerr 6500B) in the frequency range from 100Hz - 5SMHz at
different temperatures [9]. Using these parameters conductivity, dielectric constant and dielectric loss of the
nanocomposites have been calculated. The Conductivity (o) , dielectric constant ( ') and dielectric loss (¢ )
are calculated by using the relations,
o= é where ‘R’ is the resistance measured from LCR meter and °t’ is the thickness

cpt
g = ;)_a
is the absolute permittivity =8.85 x 10" F/m
‘a’ is the area of the sample = 7r’.
€' = ¢'tand

where ‘c,, | is the capacitance measured from LCR meter and ‘t’ is the thickness of pellet. And €,

I11. Results and Discussion
Dielectric Properties:

The conductivity behaviour of conducting polymer can be understood from dielectric analysis. The
dielectric properties have been analyzed in terms of temperature, frequency and compositions, This analysis
measures two fundamental electrical characteristic of materials: (1) the capacitive (insulating) nature, which
represents its ability to store the electric charges and (2) The conductive nature, which represents its ability to
transfer electronic charge. Through this analysis, the dielectric constant ¢’ and dielectric loss €” of a material can
be determined.

3.1 Dielectric Constant

Fig.1. shows the variation of dielectric constant of nanocomposites with frequency at room
temperature. It is observed from the figure that Nanocomposites with composition 40% show highest dielectric
constant compare to the remaining composites, and €' decreases with increase in frequency for all the
nanocomposites which is the typical behaviour of dielectrics, At low frequency dipoles follow the field and we
have €'= g This results in a high value of dielectric constant. On the other hand, at high frequencies, dipoles
begin to lag behind the field, periodic reversal of the electric field occurs so fast that there is no excess ion
diffusion in the direction of the field and hence leading to the observed decrease in dielectric constant[10-11].

Fig.2a, 2b, 2c, 2d, 2e and 2f represents Frequency dependence of dielectric constant at different
temperatures for nanocomposites with 10, 20, 30, 40, 50 Wt.% and Pure PPy respectively.

The dielectric constant has a maxima at 300Hz for nanocomposites of 10wt.% at 303K. For 20wt.%
composites at higher temperature the peaks are observed at 700Hz and 200Hz. The dielectric constant is
constants at the other temperatures, for nanocomposites of 30% the peak is observed at 200Hz, a peak is
observed at 1000Hz for 40wt.% at 100k, a small peak is also seen at 200Hz at 303K, for 50% no peaks are seen,
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but the dielectric constant is maximum at 100K, The variation is almost same as PPy , except that dielectric
constant is large at 423K for PPy.
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The dielectric constant increases with temperature for all nanocomposites except for nanocomposites of
10 wt%. The increase in dielectric constant may be attributed to electric field which is accompanied by the
frequencies. Such field will cause some ordering or orientation in samples, the molecular dipoles cannot orient
themselves at low temperature, when the temperature is increased the dipole orientation is facilitated and
dielectric constant increases. The strong frequency dispersion of permittivity is observed in the low frequency
region followed by a nearly frequency independent behaviour above 10 KHz .The peak in the graph can be
attributed to strong relaxation contribution leading to high dielectric constants and therefore electronic and ionic
polarizablity[12].The negative dielectric constant observed at some frequencies for some wt.percentage is due
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to its reduced plasma frequency and an induction effect. The magnitude of the negative dielectric constant and
the resonance frequency are tunable by dopant type and doping composition.

3.2 Dielectric Loss:
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Fig.3. shows variation of dielectric loss with frequency which exhibits a dielectric loss peaks in the
frequency range 300-100Hz. The inset graph shows the variation of PPy. It is obvious from the fig. that
dielectric loss also follows the same trend as dielectric constant. The decrease in dielectric loss €" with
frequency can be attributed to the fact that, at low frequencies, the value of €” is due to the free charge motion
within the materials. At moderate frequencies e” is due to contribution of ion jumps, conduction loss of ion
migration and ion’s polarization loss, At high frequencies, the vibration of ions may be the only source of loss
and hence dielectric loss has minimum value [13]. On addition of nanoparticles increase in the lower frequency
region reflect the enhancement of mobility of charge carrier, with rise in frequency in low frequency region
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followed by a peak in the loss spectra. The loss peak is shifting towards lower frequency side on addition of
nanoparticles.

Dielectric loss peaks are observed at 300Hz for 10 and 30% nanocomposites and at 200Hz for 40%
nanocomposites, As the material approaches a relaxation point dielectric loss factor and hence the conductivity
increases, this corresponds to drop in dielectric constant. The material is becoming less of energy store and
more of energy dissipater, which is related to polarisation characteristics of the material with applied frequency.
The relaxation time is calculated by using relation

1

t= 27 fin
Where f,, is the frequency corresponding to maximum energy loss .

The relaxation times at room temperatures ranges from 5.3 x10” s to 7.9 x10™* s for all
nanocomposites

Fig.3a, 3b, 3c, 3d, 3e and 3f represents temperature dependence of dielectric loss for nanocomposites
of 10, 20, 30, 40, 50 wt.% and pure Ppy respectively.

At 373K, Dielectric loss peaks are in the range 200 - 800Hz for all nanocomposites. The relaxation
times ranges from 1.59 x 10™sto 7.9 x10™*s . At 423K, dielectric loss peaks are observed at frequencies 200 —
7000Hz. The relaxation times ranges from 2.2 x10™ to 7.95 x 10* s. At 473K, Dielectric loss peaks are
observed at frequencies 200 - 60000Hz. The relaxation times ranges from  2.65 x10° s to 3.97 x10™ s. It is
clear that the relaxation time decreases with increase of temperature and this may be due to the increase in grain
size than the grain boundary[14].

3.3 Tané (Tangent Loss)
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Fig.5 shows the variation of tangent loss(tand) with frequency for nanocomposites of different
compositions at room temperatures. The loss spectra characterized by peak appearing at a characteristic
frequency for all nanocomposites suggest the presence of relaxing dipoles in all the samples. The strength and
frequency of relaxation depend on characteristic property of dipolar relaxation.

The tangent loss peaks shift towards the lower frequency side, on addition nanomaterial it is believed
that there is an increase in the crystalline content in the materials. It is evidenced by the peak shifting towards
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lower frequency side, thereby increasing the relaxation time. But with increase in temperature loss peaks are
shifted towards higher frequency indicating decrease in relaxation time

The Dielectric constant (¢"), dielectric loss (¢” ), and tand for 1KHz,10KHz,100KHz and 1MHz at,
303K and 373 K are compared in Table 1 and Table 2 respectively..

Table 1. Dielectric parameters of nanocomposites at 303K

Sample > 10% 20%
Frequency g e” tan [ € [ tan [
1KHz 5023.10 8952.98 1.7823 2.949x10%° 4.86 x 10 1649.82
10KHz 1168.79 364.49 0.311 3.360x10° 7.382x10% 2197.01
100KHz 936.40 82.036 0.0876 1.007x10° 6.925x10%° 687.294
1MHz 867.974 26.576 0.0306 -4.13x10° -1.29x10° 312.297
30% 40%
1KHz 3.565x10° 9.991x10™ 2802.03 -2.55x10™° -8.24x10% 3229
10KHz 5.210x10° 2.321x10° 445,594 6.99x10° 2.870x10% 4105
100KHz 83191.04 5.973x10° 71.80 6.635x10’ 5.498x10% 828
1MHz 1640.22 19718.71 12.021 1.913x10° 3.589x10° 187
50% Ppy
1KHz 3.412x10° 7.249x10% 2124.62 23078.7618 92333, 371 4.000
10KHz 1.613x10° 1.616x10% 1001.46 1341.9133 2419.236 1.802
100KHz 5.393x10° 1.815x10° 336.585 230.105 210.827 0.916
1MHz 1.024x10° 6.655x10° 64.94 78.550 57.00 0.725
Table 2. Dielectric parameters of nanocomposites at 373K
Sample > 10% 20%
Frequency € [ tan [ €' e tan [
1KHz -22.068 75.128 -3.404 -1.76x10™2 1.68x10%° -9547.9
10KHz 8.8174 0.3597 0.0408 -2.66x10° 2.83x10" -106.36
100KHz 44745 0.0807 0.0108 2.03x10’ -2.87x10° -14.152
1MHz 6.8285 0.2431 0.0356 1.78x10° -1.69x10° -0.1298
30% 40%
1KHz 7.84x10° 9.91x10%5 12631 8.14x102 1.59x10% 195650
10KHz 9.84x10’ 1.69x10™ 1717.4 -4.735x0° 2.37x10% 500.8
100KHz 1.62x10° 4.64x10° 285.52 4.37x10" 2.48x10° 56.72
1MHz 2.01x10* 7.28x0° 36.17 3.78x10° 2.02x10° 5.33
50% Ppy
1KHz 7.95x10%° 1.07x10 %" 13490 197.366 172.360 0.8733
10KHz 2.20x10° 1.07x10 % 4718.17 77.3523 41.7355 0.5395
100KHz 3.42x.10° 2.41x10%° 706.31 38.390 18.319 0.477
1MHz 4.82x10° 5.01x10’ 103.83 19.682 8.804 0.447

3.4 Ac Conductivity

The behaviour of AC conductivity has been studied in the temperature range from room temperature
303K to 473K. Fig.6 shows the variation of conductivity with frequency from 100Hz - 5MHz for all
nanocomposites. Fig.7 shows the variation of conductivity with frequency from 100Hz to 5MHz for
nanocomposites of 50wt.%. The AC conductivity is almost constant from 100Hz - 1MHz beyond this
frequency it decreases, the highest conductivity is observed at 373K. The same behaviour of conductivity was
observed for other studied nanocomposites, except for 10% which do not show any variation at higher
temperature . As shown in Fig, two trends appeared, the first one is frequency independent conductivity which
is due to dominating DC conductivity component, where the conductivity is contributed by free charges
available in the composite system ,and another trend in which conductivity is frequency dependent where AC
conductivity decreases due to trapping of charge carrier hop or due to blocking of conduction path by insulating
CuZnFe,0, nanoparticles. The increase in AC conductivity with temperature observed at 373K may be
attributed to increase in hopping rate[15].
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IV. Conclusions

The AC conductivity parameters —dielectric constant , dielectric loss and tand were measured by using
impedance analyzer. The values of the dielectric constant and dielectric loss were found to decrease with
frequency and increase with temperature. The dielectric loss peaks are observed at lower frequency side at room
temperature but shifted towards higher frequency side at higher temperature indicating decrease in relaxation
time, The relaxation time was found to be in the range 10° to 10“ s. The AC conductivity was found to be
almost independent of frequency upto 1MHz, beyond this frequency decrease in conductivity was observed. The
highest conductivity was observed at 373K for all nanocomposites. The significant increase in dielectric
constant makes them a potential candidate for dielectrics in capacitors. In the area of passive components, high
dielectric materials are finding increased application in capacitors for decoupling, timing, filtering, and many
other functions. Passive components, including capacitors, usually out- number active components in rapidly
growing applications such as cell phones, global positioning systems, receivers, and other wireless devices. Due
to the negative dielectric constant they can be used in metamaterials and NIMs which are used in unique optical
and microwave applications,
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