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ABSTRACT

Comparison of optical absorption spectrum and magngtic field dependent
susceptibility of Polyaniline (PANI) and Zirconium doped polyaniline is
made. The effect of doping agents on polyaniline backbone with electrical
conductivity and magnetic susceptibility is discussed. Doping by Zirco-
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nium compound may alter the magnetic property and electrical conductiv-
ity of polyaniline. Zirconium doped PANI ispromising material for techno-

logical applications.

INTRODUCTION

Conducting polymershaveemerged asavery im-
portant classof materialsbecause of their uniqueeec-
trical, magnetic, optical and chemical properties|ead-
ingtothewiderangeof technologica gpplications. This
classof materials providestremendous scopefor tun-
ing of their eectrica conductivity by way of doping*2.
Among different conducting polymers, Polyanilines
(PANI) arethemost extensively studied materialsdue
totheeaseof synthesis, better environmental, therma
stabilitiesand greater scope of playingwith chemistry
totailor their properties®”. However, whenthey are
taken inthe compositeformtheir el ectrical, magnetic
propertiesand othersare altered from those of the ba-
Scmaterias. In order to obtain materia swith superior
electrical, optical and magnetic propertieswehavesyn-
thesi zed polyaniline(PANI) doped with Zirconyl nitrate
and characterized by their electrical conductivitiesin
solidform, UV-visoptica absorbancespectrumin Dim-
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ethyl sulphoxideasasolvent(DM SO) and Fourier trans-
form infra-red spectrum and magnetic susceptibility
(Gouysmethod).

Samplepreparation

Aniling(E.Merck, India) wasdoubledigtilled. Hy-
drochloricacid(HCI) (E.Merck, India) and Ammonium
persulphate(E.Merck, India) and Zirconyl nitratewere
used in asreceived state.

Thesynthesisof polymer wascarried outinathree-
necked round-bottom flask that was kept at constant
temperature (~0°C). 200ml HCI acid solution of aniline
(prepared intheratio aniline: HCI=1:5) wastakenin
theflask. Ammonium persul phate solution (0.5M) of
required quantity was added very dowly with thehelp
of specidly designed sysemwith rigorousstirringusing
magnetic stirrer. Ammonium persul phatewas used in
themole-ratio[ Aniling]/[ Ammonium persul phate] of 0.5.
Thereaction mixturewasstirred for five hours. The
preci pitated green polyanilinesat wasfiltered, and then
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Figurel: UV-visspectrum of polyaniline& doped polyaniline

washed with distilled water(ice-cold) until thewashing
liquidwascompletely colourless. Thematerid wasdried
at room temperature for forty-eight hours under dy-
namicvacuum.

Thispristine polyanilinesalt was deprotonated to
convert it into the emera dine base by treatment of 3%
ammonium hydroxidesol ution for four hours. Thebase
wasthenwashed with distilled water(icecold) and dried
at room temperature for forty-eight hours under dy-
namic vacuum. The compositeswere prepared by thor-
oughmixingof Zirconyl nitratewithemerddinebaseby
mechanically grinding themin apestiemortar.

M easur ements

Thegreen coloured powdered sampleswere made
into pellets by apressure of 5 tons/cm?and D.C con-
ductivity was measured by standard four-probe method
using silver pasteat room temperature.

The UV-visabsorption spectraof thesampleswere
taken by adoubl e beam spectrophotometer(Systronics)
2101 model using Dimethyl sulphoxide asasolvent.
Theinfrared spectraof the doped and undoped PANI
samplesweretaken in KBr pellets using aMatsonn
1000 FTIR spectrophotometer.

A glasstest tubefilled up to acertain height(18cm)
with thesampleissuspended fromanarmof asenstive
ba ance(Gouys method) such that the bottom part of the
sampleisinasrong magneticfiddandthetop partisno
vibrationd and air disturbance. Usudly an d ectromagnet
givingacongtant magneticfidd(H) intherageof 1000to
5000 gaussisused. The Forceexperienced by thesample
ismeasured by the changeinweight. Thusthe suscepti-
bility per gmiscaculated by theequation
Xg=2l><Am><g/mH2
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Wheremand| represent themassand the length of
the sample, Am=changein massdueto theimposition
of themagneticfield. X _(molar susceptibility) for two
rings of doped PANI were determined after diamag-
netic correction of glass. The samples marked asA,
and B are undoped PANI, Zirconyl nitrate doped-

PANI respectively.
RESULTSAND DISCUSSION

UV-visabsorption spectra

Figure 1 showsthe UV-vis absorption spectraof
different samplesin solution. The spectrum of the poly-
mersmainly consistsof three absorption bandsat 295-
340nm, 390-405nm and 590-610nm respectively. The
first bandisdueto n-it* trangition in the benzoid rings
and the other two bands are dueto exciton absorption
of thequinoid ringsrespectivel y¥©. It isobserved that
absorbance of polyanilinelowersby the doping of the
zirconyl nitratewith polyaniline. It isbecause t-n* tran-
stioninthebenzenoid ringslowerswith thedoping by
therareearth materials. Thismay bethereasonfor the
decrease in electrical conductivity with doping
(TABLEDL).

FTIR studies

Figure 2 showsthefourier transformi.r.spectraof
undoped PANI and Zirconyl nitrate doped PANI. The
bands observed at 1550 and 1530cm for undoped
PANI show ashift in doped PANI. The observed shift
islikely dueto quinoid ringsin PANI being converted
into benzenoid rings®. The broad and intense band
observed at 1100cm* inthe doped formisalso char-
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Figure2: FTIR spectrum of undoped and doped polyaniline
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Figure3: Fidd dependence of magnetic susceptibilities(y)
of doped and undoped polyaniline

acteristic for conductive PANI and is due to charge
del ocalization on the polymer backbone™”. Theinten-
sty of thispeak isameasure of thedd ocdlization of the
electrons or the conductivity™®. The band at
3447.68cntisthe characteristic N-H stretching vibra
tions.

Electrical conductivity

The shapeof the curve dependson carrier concen-
tration, their lifetimeand transition energy. Broad and
narrow peaks are contributionsfrom delocalized and
localized charge carriers*. Thedlectrical conductivity
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TABLE 1. different peaks, the cor responding absor banceand
electrical conductivity (o)

Peaks  Absorbance Electrical

(A nm) (arbitrary units) conductivity(c) S/cm

Samples

A 330.0 2516
390.0 1.030 0.370
602.2 0.290

B 300.4 2.021
340.0 1774 0.212
610.0 0.785

TABLE 2: Fidd (H) dependence of magnetic susceptibility (x)
of thesamples

Field Xw in 10%emu/mole-2-rings
(H in Kgauss) A B
1.000 7.28 0.658
1.850 -2.76 -0.384
2.750 -2.97 -0.348
3.150 -3.82 -0.614
4.280 -6.32 -0.592
5,720 -8.30 -0.500

A: undoped PANI, B: Zirconyl nitrate-doped PANI

in undoped polyanilineismorethan zirconyl nitrate
doped polyaniline. Theelectrical conductivity of the
polyaniline decreaseswith the doping by the zirconyl
nitrate. Thisisdueto thelocalization of thechargecar-
rierswith doping and hence decreasesthe mobility of
thechargecarriers. Thedectrica conductivitiesof the
samplesareshownin TABLE 1.

M agnetic property studies

Figure 3 showsthat with increase of the magnetic
field the magnetic susceptibility decreasesfor both the
undoped and doped PANI. Field dependent magnetic
susceptibility of thesamplesareshowninTABLE 2. It
Isinteresting that the magneti c susceptibility decreases
morefor theundoped PANI than thedoped PANI with
increaseinthemagneticfield. With thedecreaseinthe
meagnetic field susceptibility of undoped PANI increases
morethanthat of Zirconyl nitrate doped PANI. At high
magneticfieldsthelocdization of thecharge carriersof
Zirconyl nitratedoped PANI occursmorethan undoped
PANI but at low magnetic field the localization of
undoped PANI occurs morethan that of doped PANI.

CONCLUSION
The magneti c susceptibility of the polyanilineand

zirconyl nitratedoped polyanilineisfield dependent. The
unusud magnetic fiel d dependent susceptibilitiesarevery
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interestinginthesedoped polyaniline. Theratio of the
localized and the del ocalized carrier changes by the
doping withthezirconyl nitrate and thiscan aso control
theunusual field dependence. We can usezirconyl ni-
trate doped PANI asthe promising material for tech-
nologica applicationsby controlling magneticand e ec-
trical property.
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