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ABSTRACT

The present work reports the electrochemical and chemical oxidative synthesis of polyaniline
using K,Cr,0; as an oxidant and H,S0, as dopant. The conductivity studies of electro chemical
synthesis of PANI doped with H,SO, at various voltages are compared with oxidative synthesi zed
PANI. The confirmation of PANI was done by FT-IR. The crystallinity of the samples was
examined by powder X-ray diffraction technique. The various electron transitions present in the
PANI were determined by UV-VIS spectroscopy. The dectrical conductivity of the synthesized
samples was measured by using four probe method at room temperature.

Keywords: Polyaniline, electrochemical and chemical oxidatmethods, FT-IR, XRD studies,
conducting property.

INTRODUCTION

In recent years alternative renewable energiesirmataby solar cells have attracted much
attention due to exhaustion of other conventi@margy resources especially fossil based fuels
and due to global warming they caused [1].Thussiimghesis of novel conducting polymers and
study of their physical properties has been of prirmportance. Aqueous electrochemical
process in an environmentally friendly and effitigachnique used to process conducting
polymer. It is widely preferred because of its digify and it can be used as a one step method
to form polymer. It allows efficient control of thghysiochemical properties of the coatings and
it can also be easily scaled up for large scalelytion [2-4]. Conductive polymers had been
the topic of the large number of investigationsimyriast decades because of their unique
properties such as mechanical strength, electaaductivity, corrosion, stability and possibility
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of both oxidative and electrochemical synthesisnd¢e PANI is useful in wide area of
application: such as solar energy conversion, rgeadle batteries, electro chromic displays,
electrochemical sensors, capacitors and activesion protector [5-6]. Due to ease of synthesis,
processing environmental stability and low synthetst, so polyaniline is probably the most
important industrial conducting polymer today [7-8]he use of conducting polymers for
photovoltaic applications has been reported [9hc&i PANI possess high performance of
electrical property, easiness to handle, high thémstability, insolubility and low resistivity it
can be used as a material for LEDs organic semigmnds [10-11]. The conductivity of PANI
synthesized by electro chemically was dependenhemedox state of the polymer, the solution
pH, water content and to a lesser extent [12-14 Type of dopant anion also affects the
stability of the conductivity in PANI at differemtmospheres and at temperatures. Changing the
nature of the anion also has a significant infleermn the kinetics and conversion in the
electrochemical polymerization of aniline.

The main aim of this research work is to developrey efficient materials for the present need
by comparing their electrical conductivity propesti In this paper, we report the synthesis,
characterization and conductivity studies of poljae prepared by electrochemical and
chemical oxidation methods. Further, their eleatriconductivity was compared with
electrochemical, synthesis of PANI doped witSBy at various voltages.

MATERIALSAND MATERIALS

All chemicals such as aniline .80, and oxidant (KCr,O;) were obtained from Merck chemical
company are of high purity (>99%).

2.2. Chemical Polymerization

The chemical polymerization of aniline was carred in the presence of aqueous sulphuric acid
solution. Appropriate amount of aniline (0.1 M)téken, to which K5O, acid was added into
polymerization vessel and make a total volume d tfl. Then the vessel was placed on a
magnetic stirrer. 20 ml of aqueous solution e€ClkkO; oxidant at appropriate concentration was
added slowly to the reaction medium by drop wishian for about 20 minutes using a dropping
funnel.

H,SO
@NHZ + KCr07 2 . ‘6@*“4@7“}
n

At the end of polymerization reaction, final protdua@s filtered, washed with dilute solutions of
H,SO, acid and dried at 8Q in vacuum, for 12 hours. The synthesized poly@ivas finally
grinded and the product is obtained in the forrfired green powder.

2.3. Electrochemical Polymerization

Aqueous electrochemical polymerization was perf@dmén a single compartment
electrochemical cell. A 3cm (b) x 6¢cm (I) x 2mmgtainless steel plate was used as the working
electrode (anode). The counter electrode (cathodeomprised of stainless steel plates. A
digital power supply (0-5V) was used as the source.
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The electrochemical polymerization of aniline waaried out in the presence of aqueous
sulphuric acid. Appropriate amount of aniline (M} and HSQ, (0.1 M) acid were added to
polymerization vessel to make the volume of 500 Thie different voltages were used for the
electrochemical synthesis.

The collected samples was filtered and washed diltite solution of HSQ, acid and dried at
60°C in vacuum for 12 hours. The synthesized polyaeilivas finally grinded and the product is
obtained in the form of fine green powder.

2.4. Characterization Techniques

The synthesized polyaniline were characterized by-vi$ spectroscopy and FT-IR
spectroscopy. FT-IR spectra were recorded usingnitidicolet V-200 FTIR spectrometer by
KBr pellet method in the region 400 to 4000 trDptical absorption spectrum was taken using
JASCO V-530 dual beam spectrophotometer in the lgagéh region 200 to 800nm with a
scanning speed of 400nm/min. X-ray diffraction @ats of the coatings were obtained by
employing JEOL JDX Services diffractometer usingKGuK, =1.54056 A) radiation. The
diffractometer was operated at 40Kv and 50mA. Ansazg step of 0.2in 20 with a dwell time

of 10s per step was used. The samples used foy miemsurements were prepared by using
polished steel plates. Powder X-ray diffractiontgat was recorded. The solubility studies were
also studied by various polar and non-polar solemhe electrical conductivity studies were
performed by using four probe method.

RESULTSAND DISCUSSION

3.1. Solubility

The solubility of the sulphuric acid doped polyamel was determined in various solvents.
Sulphuric acid doped PANI was soluble in DMSO amsbiuble in other solvents like acetone,
benzene, chloroform, methanol, m-cresol and water.

3.2. FT-IR Spectra

FT-IR spectra of PANI samples doped withS@, acid are shown in Fig 1. In a spectrum the
band observed at 3433.75 ¢nis due to N-H stretching. The polymer shows theogftion
bands at 2923.62, 2923.25, 2923.21 and 2825.55armdue to asymmetric C-H stretching and
symmetric C-H stretching vibrations. The absorptmeaks observed at 1654.43, 1637.67 and
1637.68 crit were attributed to C=C stretching in aromatic nuclée bands obtained at 1600-
1500 cni corresponds to C-H stretching in aromatic compsu#dsorption bands at 1476.12,
1489.67, 1490.77 and 1491.15 travidenced to C=N stretching in aromatic compoufite
polymer shows absorption bands at 1300-1200" ewhich confirms the C-N stretching of
primary aromatic amines. The absorption bands apdeat 1111.76, 1112.28, 1124.11 and
1137.65 crit reveals the C-H bending vibrations. The absorptiands lies below 1000 ¢hare

the characteristics of mono substituted benzene.sBme finding has been reported elsewhere
[15, 16]. The absorption peaks at 1560 'cassigned to the quinoide structure does not redeal
any significant changes for all polymer sampleat ttoncludes that the polymers were prepared
using di and tri basic acids. It has been repatat HSO, may interact with PANI by donating
either hydrogen sulfate, HSCor sulfate, SGF anions as dopant anions. Many authors agreed
that HSQ' dopant anions are present in PAN®BO, [17, 18]. The Fig.1. (a) shows the oxidative
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synthesis of polyaniline. Fig.1. (b), (c) and (d)ows the electrochemical synthesis of
polyaniline. The spectrum shows some interestingkpen electrochemical method due to
complete polymerization of regular arrangement. Whempared with oxidative method and
electrochemical method the intensity of C=N stretghof polyaniline prepared 2V and 2.5V is
found to be increased when compared to the sarppdpared at 1.5V.
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Fig.l. FT-IR Spectrum

3.3. UV-VI S gpectroscopy
The UV-VIS spectra of the PANI synthesized with thee of KCr,O; in H,SO, media in both
oxidative and electrochemical are shown in Fig.2.

The band observed at 327-365 nm for the PANI sasnptgresponds to 1 transitions of
aniline. The broad bands at 600-620 nm is due® rransitions of quinine-imine groups [19].
The Fig.2. (a) shows the oxidative synthesis ofyaline. Fig.2. (b), (c) and (d) shows the
electrochemical synthesis of polyaniline. When axick method compared with electrochemical
method high intensity peak was obtained in eletiatcal prepared PANI. When increasing
the voltage, the absorption peak intensity alsoei@®es due to the regular arrangement of
monomer units in electrochemical polymerization.
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Fig.2.UV-VIS spectrum

3.4. X-ray diffraction

Crystallinity orientation of conducting polymer acé much interest, because more highly
ordered systems could display a metallic proparthsas like conductive state. The X-rd pattern
for PANI doped with HSOy in oxidative and electrochemical synthesis has lsssessed are
shown in Fig.3. It is clearly indicates that theemsity of observed peaks are better developed on
the composites prepared using di and tri basic saliations compared with the monobasic acid.
The profile of the characteristic peak of PANI ab=25° has the intensity order
H,SO>H3;PO>HCL>HNO; [20, 21]. Thus the fraction of crystalline phassurid to be
increased as increasing the voltages. The Figl&h@ws the oxidative synthesis of polyaniline.
Fig.3. (b), (c) and (d) shows the electrochemigalisesis of polyaniline. It clearly indicates that
the intensity of the peaks is increased while iasieg the applied voltage. Obviously, these
differences clearly influence the crystalline pndjgs of the prepared polymer by various
voltages.
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Fig.3. X-ray diffraction pattern

3.5. Electrical conductivity measurement
An electrical resistance R of the pellets was messat room temperature using the four-point

probe technique. The conductivityof the pellet can be given by [22].

o =1/ (@ In 2)*R*d where {/ In 2) R is the sheet resistance and d the thekoéthe pellet.
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Fig.4. Electrical conductivity

Fig.4 shows the variation of conductivity with difent voltages was measured by using the four
point probe technique in the voltages 1.5, 2.0 2i3drespectively. The conductivity of the
pellet was calculated by using the above equatio@xidative method, the conductivity of the
prepared polymer pellets is 0.27 S/cm only, wheneadectrochemical method the conductivity
found to be 0.58, 0.94 and 1.23 S/cm respectiWlyen increasing the voltages the conductivity
was also increases. Thus compared to the oxidatetbod the electrochemical method has high
conductivity because the regular arrangement ofaman units.

CONCLUSION

Our result shows the synthesizedS@, polyaniline is soluble in DMSO. The conclusions
arrived from the studies are as follows. The sysitel polymers were characterized by UV-
visible, FTIR and XRD spectroscopic techniques. #he#* transitions of aniline and/or anilium
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radicals andr - ©* transitions of quinone- imine groups were confanfrom the UV spectral
studies. The FTIR analysis confirms the chemicalicstire of polyaniline. From the X-ray
diffraction pattern, we can observe that the ctisity gradually increases with increase in
applied voltage. The conductivity of the electreertical method at 1.5V is 0.58 S/cm and in
oxidative method, the conductivity is 0.27 S/cm.isTimdicates when compared to oxidative
method the electro chemical method of synthesisiase suitable. On increasing the applied
voltage, the conductivity also increases. Theseltseseveal that they are ideally suited for the
manufacture of opto- electronic devices in theblesiwavelength and could be used to photo
voltaic applications. Further work in this directiwill be highly useful for solar cell fabrication
technology.
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