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ABSTRACT

Polyvinyl alcohol-Polypyrrole composite films wepsepared by solution casting technique using chamic
oxidative polymerization of pyrrole. Ferric Chlogd(FeCk) was used as an oxidizing agent. This technique
produces conductive, flexible and free standing/pelr composite films. The dc conductivity was oletifrom
current-voltage characteristics by using two protezhnique in the temperature range of 303K -343Ke T
conductivity increases as temperature and oxidamicentration are increased. The temperature depecel®f
conductivity is explained using two different mgdehmely Arrhenius and Mott’s Variable Range HopgpiWRH)
model. Activation energy {Fand hopping parameters are determined.

Keywords: PVA-PPy composite films,I-V characteristics, Contikity, Arrhenius Model, Mott’s equations.

INTRODUCTION

The discovery of conductive polymers is unique sindccomplishment as a possible substitute for fitetal
conductors and semiconductors. [1].Intrinsicallynadocting polymers such aspolyaniline, pphghenylene),
polypyrrole and polythiophene have been studieenisitvely during the last three decades[2].Amongdhductive
electroactive polymers, polypyrrole (PPy) have aatied special interestbecause of some unique chemind
electrochemical properties. PPy is an attractivedacting polymer because of its high conductivitgxibility in
preparation, its stability and good mechanical props[3].A wide range of applications have beeovppsed for
polypyrrole like, low ppm detection for toxic gasmsch as hydrogen sulfide [4], ammonia [5] andogién dioxide
[6],as radar absorbing materials [7], for removdl leeavy metals [8], for corrosion protection [08],i
lithium/polypyrrole batteries [10], actuators [1&lper capacitor [12], Protein transport and seijosd 3].

Although PPyhas promising properties and strongiai to replace metal, it also hasdrawbacks sadhsmlubility

in common solvents andinfusibility up to the decosifon temperature, put limits on its technologica
applications[3].Improvement ofthe structural andcélicalproperties, can be achieved by forming BRymsites
with commercially availablepolymers or inorganicterals.

The combination of conventional polymers with coctilte polymers is an important alternative to oftaew
polymeric materials with improvedprocessabilityexibility and controllable conductivity. In suchebpids, the
insulating polymer provides good mechanicalpropsertand processability while the conducting polyweuld
provide electricalconductivity. Composites of coatiigPPy prepared by electrochemical and chemicghaus

17
Scholars Research Library



D.M.Nerkar et al Arch. Appl. Sci. Res,, 2015, 7 (10):17-24

withother insulating polymers like Poly (vinylacttn[3], polyvinylidene fluoride (PVDF) [13],polymyl alcohol
[14], polyvinylchloride [15] polyurethane [16], areported in the literature.

The aim of present work is to synthesize free stapflexible PVA-PPy-FeGtomposite polymer filmswith good
electrical conductivity. The films areprepared bjusion casting technique using chemical oxidapeéymerization

of pyrrole. We have studied dc conductivity behaviof the films, as a function of temperature witlrious dopant
concentrations. The temperature dependence of ctwidy is explained using two different models nalgn
thermally activated model and Variable Range Hopp{N'RH) model. Activation energy (Ea) and hopping
parameters,density of states at Fermi lewyE£)), hopping distance (R) and average hopping enéVg)are
determined.

MATERIALS AND METHODS

Materials:

The monomer pyrrole was procured from Spectrochem [Rd. Mumbai (India). Pyrrole was double disill at
131°C and stored at’€ prior to use for synthesis. Polyvinyl alcohol @®@Wvas obtained from S. D. Fine Chem.
Ltd., Mumbai. Degree of hydrolysis of this powder8i6-89 % and M.W. was 85000 — 124000. It was asellost
polymer during the preparation of composites ofypgirole. Ferric Chloride anhydrous (Iron (lll) ohnide) was
also obtained from S. D. Fine Chem. Ltd., Mumbtaivds used as oxidizing agent during polymerization

The purity of all chemicals was of analytical graaled used as-received, without further purificatiexcept
monomer). All solutions were prepared using distilivater.

Synthesis of Films:

In this method, a 4% weight to volume polyvinyl @ol solution was prepared by dissolving PVA powder
distilled water. This was then stirred vigorousty78°C for 3 hours on a magnetic stirrer with hi#te so as to
obtain clear PVA solution, which was then left tmotto room temperature. Next, to this PVA soluticlouble

distilled pyrrole was added in different volumeweight proportions with respect to PVA and stirxégorously for

about 30 minutes. This solution was then coole@-&C. Polymerization of pyrrole was carried ouingsFerric

Chloride as the oxidizing agent. The oxidizing ag@mterms of different proportions) was first stidved in 10 ml
of distilled water and then added drop wise toRN& + pyrrole mixture. This composite solution wgently stirred

for 5 hours. A homogeneous black colored solutias wbtained. Films of this solution were prepanggduring a
certain small portion on to a flat glass Petri dislpolypropylene surface. The thickness of tha fitas controlled
by the volume of the solution added. Every timel®hthe stock solution was poured on to the Riigh so that the
film thickness of approximately 38 to 40 micrometeould be produced. The solvent got evaporateisoown

when left to dry at room temperature. Black colocethposite films were thus obtained.All the filmere stored in
a vacuum desiccator for further investigation.

The polymerization of pyrrole occurs on the PVARs#ion-metal salt film according to the reactida]
nC,H,NH (PVA, + 225n FeCk - [ C,H;N%"CI% ], +2n HCI + 2250 FeCl(H,0)

Electrical Characterization:
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Figure 1. (a) Two Probe Conductivity Measurement Sstem (b) Electrical Circuit Diagram
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The apparatus used for conductivity measuremengusio probes was specially fabricated in our labmy shown
in Figure 1(a). The electrical circuit diagram g/ in Figure 1(b). This system consists of afgarholder made
of two copper electrodes with circular cross secfitcnf) mounted on a Teflon base provided with a circataew
for applying the required pressure on the sample)(f There was a special arrangement for increpshre
temperature of the sample using tiny heater elesnénthermocouple along with an automatic tempeeatontrol
device helped to measure the temperature over a widge of —100°C to +200°C, on a digital displat.uA
variable DC voltage up to5 volts (Navcord) was use@pply the voltage to the PVA-PPy composite $ilrithe
current through the sample was measured with the dfea programmable D.M.M. (SM-5015 ScientiFicher
contact area for the sample was fanith the copper electrodes. The films were digeqlaced between the
electrodes for studying the variation of currentith voltage V.Further electrical conductivitywasasured using
the following formula:

1t
O=—x— )

Wheres = conductivity in S/cm; | / \£ slope obtained from thel-V plot.
t = thickness in cm; A = area in én = current inampere; V = voltage in volts.

The thickness of the films wasmeasured at five oanyg selected places with digital micrometer

Theaverage thickness of the film was found +2Qumfor all samples.The measurements were made in the
temperaturerange of 303K - 343K.

RESULTS AND DISCUSSION

The electrical conductivity of PPy is the most imtpatproperty for practical applications. The extet p-
conjugated backbone structure of PPy provide eétadtonductivity. However, the p-conjugated baakdo
structure is not sufficient to produceappreciabbmductivity. Partial charge extraction from PPy ioh&s also
required, which isachieved by a chemical procefiecas doping. The conductivity of theneutral R®ghanged
from an insulating to a metallic region by dopihdnas been reported that the electronic and bandtstes of PPy
change with the doping level [18].Doping of thesdymers creates additional bands in the energy geking it
possible forthe electrons to move to these new$and increasing the conductivity of the matefia8g.

I-V Characteristics

PVA-PPy Composite film MR :0.1 PVA-PPy Composite film MR :0.2
8 —=— 303K 704 75T 3%

Current (mA)
Current (mA)

Voltage (V) Voltage (V)

(@ (b)
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Figure 2. I-V Characteristics of PPy — PVA compost films at different temperatures and MR (a) MR: 01 (b) MR: 0.2 (c)MR: 0.8
(d)MR: 1

I-V characteristics of PPy-PVA composite films four different molar concentrations of oxidant temomer are
shown in Figure 2(a), (b), (c) (d). Each graph baen plotted for five different temperatures. Nedihear
relationship of the I-V curve was observed.

The conductivity of the composite films were estiethusing equation (1) and the values obtainedshosvn in
Table 1.1t was observed that the electrical conditigtof polypyrrole increased when dopant concatibn was
increased. It was also observed that the electoaiductivity increased gradually for all the filass the
temperatures increased the conductivity also ima@awith increase in temperature that indicated the
semiconducting behavior. For molar ratio more thatie films get over oxidized and become brittle.

Table 1. Electrical conductivity of PVA-PPy composge films at different temperatures

Temperature Electrical conductivity of PVA-PPy composite films (S/cn
MR: 0.1 MR : 0.2 MR : 0.4 MR :1
303K 0.63108x10 | 1.25672x10 | 6.68814x1d 2.16x10°
313K 1.11139x10 | 2.43557x10 | 8.23366x10 | 2.399106x1G
323K 2.75954x10 | 3.69976x10¢ | 9.01218x10 | 2.457229x108
333K 6.75756x10 | 5.59243x10 | 10.44629x10 | 2.675323x10
342K 9.7357x1° | 6.65058x1* | 11.33333x1* | 2.932363x1°

The variation of conductivitgf) with dopant concentration (various molar ratioR)dt different temperature is
shown in Figure 3(a). It is evident from Figur@Bthat with increase inMR (concentration of Fg@@bnductivity
of these films increases. It shows the conductidhange from 0.63108xf0S/cm t02.16x18 S/cm. This
mechanism of conduction is supposed to be by potaand bipolarons formation due to the dopant nubésd20].
Plots of conductivityd) as functions of temperatures ranging from 303k348: shown in Figure 3(b). It is evident
from Figure 3(b) that with increase in temperatoomductivity of these films increases graduallysiiows the
conductivity change from 0.63108x1%/cm at 303Kt09.7357x1®/cm at 343K.In the PPy chain, amino groups in
the pyrrole rings donates its loan pair of electtorthe aromatic network of the polymer and malkentbelves
electron deficient. When FeQlvas added into the polymer, it formed a donor-ptrecomplex in the conjugated
system. As a result, quasi-particleswere creatquhraptly polarons (cation) and act as chargecarriét low
dopant concentration the polarons have low mobidihd exhibit low conductivity. When the polymeripat
proceeds with increased doping level, more<Chound to the pyrrole ring in the backbone @f plolymer chain. At
this point, many polarons are created and become&dad to have enough energy to form bipolaron<étisn).
This increases the mobility of the charge carnngch causes the increase in conductivity[21].
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Figure 3.Plots of conductivity @) as functions of (a) Molar Ratio (FeCJ/Pyrrole) (b) temperatures ranging from 303-343K

Modelsfor Temperature Dependent Conductivity:

In order to determine the current conduction meistmaim PPy-PVA composite films, the electrical coatility of
all fourfilms have been determined in thetemperatange from 303K to 343K. The electrical condtittiof all
four samplesincreases with the increase in temyreraxhibiting the semiconducting nature of thedamprhis
behaviour of electrical conductivity can be expélrusing twodifferent models:

I. Arrhenius (thermally activated)Model:

Plots of Ln(g)as functions of 1000/T is shown in Figure 4. Thiget of electricalconductivity behavior follows
Arrhenius model [22]and according to this modeldgetivity temperature relationis

g=0,exp - Ea
0 T (2

Where:g is conductivity, oyisconstantE,is activation energy is Boltzmann constant (8.617 3324 XV K™,
T is Temperature.

5] PVA-PPy Composite
64 T Ty MR:01
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1000/T (K™
Figure 4.Plots of Ln(g)as functions of 1000/T

Figure 4 shows that the conductivity value wherttptb as Ln(g)versus 1000/T exhibits lineardependency. Solid
lines show linear fit of experimental data obtaimedlifferent temperatures. Linear regression valhieh indicate
the best fit are given in Table 2, from which wanaonclude that the conductivity exhibits athetynattivated
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process overtemperature range of 303K -3#48Kvation energylt,) is calculated from slope of these plots. The
obtained activation energies are also given in@&blvhich are found to be in agreement with thezditure [23].

II. Mott variable-range hopping (VRH) Model:
54 PVA-PPy Composite Film

64 Y vV———v————%  _ MR:01
-7 A\"\A\\_‘
MR : 0.2

£ 1
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%2} 1
@ 94 # MR:0.4
c 1
| J

-10
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4 [}
-12 MR:1

-13 4
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Figure 5.Plots of Ln(g)as functions of T4,

Mott variable-range hopping, is a model descridow-temperature conduction in strongly disordergsteams with
localized charge-carrier states.Since disordersplay important role in conducting polymers, Varmalitange
Hopping (VRH) is also considered as one of the maprrier transport mechanism. According to thisdeio
thecharacteristic temperature dependence of condydsgiven by [24]

T 1/(1+d)
o=0,exg - (?"j (3)

Where Ois conductivity, g, constant, Kzis Boltzmann constant, T is Temperature, d = 1,32js the

dimensionality of the conducting process agdsTassociated with the degree of localizationhef ¢lectronic wave
function

In order to evaluate the possibility of Mott's VR&hd dimensionalityof conduction process in polymdiims,
logarithmic plot of dc conductivity as a functioh®*“should follow a straight line.The plots of La)(as functions
of T"* are shown in Figure 5, which shows that d= 3 egitraight lines. This type of electricalcondudivi
behavior follows Mott variable-range hopping (VRMpdel.This point indicates that the transport medsma in
PPy conducting polymer correspondsto 3-dimensipratess. The values of the linear regression dcelesed for
different mechanisms as given in Table 2.

Table 2. Values of linear regression with differenmechanisms and activation energy

Linear Regression
MR:0.1 | MR:0.2| MR:04| MR:1
Thermal Activation and | 0.98046 0.96384 0.9774 0.9595
Activation Energy (eV) 0.65231 0.37533 0.11624  0.064381
Mott's 3D VRH 0.97999 | 0.95784| 0.97381 0.96187

Transport mechanism

[

For three dimensional transport hopping paramételoegiven by[25] are

18
T =
0 {rO:*kN(EF)} )
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whererg is localization lengthk is Boltzmann constamM(E:) is density of states at Fermi level.

Hopping distance (R) and average hopping energw@h® defined by Mott and Davis as

9 1/4
R{—ro } (5)
8 77N(E, ) KT

and

3
Ws|——>
[4ITR3N(EF)} ©

The hopping parameters were determined from therérpntal data plotted in Figure 5using equatigh$§)(and
are given in Table 3.

Table 3. The values of Variable Range Hopping (VRHparameters

VRH parameters
To(K) N(Eg) (eV/cm) R (cm) W (eV)
MR:0.1 | 2.5141x1 8.31x1(* 3.647x1C% | 0.5919¢
MR :0.2 | 2.7320x18 7.65x10¢ 2.0943x10° | 0.33989
MR :0.4 | 2.5233x10 8.28x106¢ 6.4926x107 | 0.10537
MR:1 | 2.3956x16 8.72x16° 3.6039x107 | 0.05849

Sample

CONCLUSION

The synthesis of flexible and free standing PVA-HHLZEL composite films was achieved. The composite showed
good film forming ability on flat glass petri distr polypropylene surface and has best storagetyabilhe dc
electrical conductivity ¢) of the composite polymer films have been invedtid in the temperature range from
303K to 343K and it was observed tioavaried from 0.63108x10S/cm to 2.16x18S/cm at room temperature, as
the Molar Ratio varied from 0.1 to 1.00. The eleeir conductivity increased with increase in dopant
concentrationand temperature. Activation energfeh@ charge carriers were obtained ranging fro231eV to
0.064381eV. The density of states at Fermi levekrage hopping distance and hopping energy have bee
calculated. It is found that composite film condortmechanism follows the Arrhenius model as welMott's 3D
variable range hopping (VRH) model in the studiemhperature range.
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