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ABSTRACT

Conducting polyaniline/Chromium oxide (PANI/Cr,0,) compositeshave been
synthesized by insitu deposition technique by placing fine graded Cr,O, in
polymerization mixture of aniline. The composites are characterized by em-
ploying X-ray diffractometry (XRD) and Infrared (IR) spectroscopy. It is
observed from the XRD studies that Cr,O, has retained its structure even
though it isdispersed in PANI during polymerization reaction. By observa-
tion of IR spectra, it is seen that some of the characteristic stretching fre-
guencies are considerably shifted towards higher frequency side. The sur-
face morphology of these composites was studied by Scanning electron
microscope (SEM). High magnification SEM image reveal sthe presence of
Cr,O, particles (cenospheres) in PANI, which are homogeneously distrib-
uted through out the composite sample. The dc conductivity was studied in
the temperature range from 40-150 °C. It can be seen that the value of con-
ductivity increases up to 30 wt% of Cr,O, in PANI and then decreasesthere
after. Thedimensions of Cr,O, particlesin the matrix have greater influence
on the conductivity value. © 2010 Trade ScienceInc. - INDIA
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INTRODUCTION

Conducting polymershave becomethefaoci of in-
terest in material ssciencebecause of their specificelec-
tronic properties, which can betailored viasynthetic
organic chemistry. Theresulting €l ectronic system has
ingenerd ether quasi-oneor two dimensiona charac-
ter, resultingin aspecific e ectronic conduction ranging
frominsulating semi conducting to highly conducting
phase. Themultiplicity of intraand intermolecular vi-
brationa modesin conjugated polymersarethekey for

themany exciting properties, leading to numeroustech-
nological applications, such asactive € ectrode matei-
asinenergy storageyl. Optod ectronic devices?d, dis-
play deviced*d, corrosioninhibitorg®”, controller of
electromagnetic radiationsand € ectrostatic charge’®Y.

Thedectrica transport in polymeric materia §1213
hasbecome an area of increasinginterest in research
because of thefact that these materialshave great po-
tentid for solid statedevices. Similarly, conducting poly-
mer composites attracted considerableinterestinre-
cent years because of their numerous applicationsin
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variety of electric and el ectronic devices. Conducting
polymer compositeswith some suitable compositions
of oneor moreinsulating materiasled to desirable prop-
ertied, These materid sare especidly important ow-
ingtotheir bridging role between theworld of conduct-
ing polymersand that of nanoparticles. For applica-
tionsof conducting polymers, knowing how these con-
ducting polymer compositewill effect thebehavior in
an electricfieldisalong-standing problem and is of
great importance. Thediscovery of dopingin conduct-
ing polymershasledtofurther dramaticincreasein the
conductivity of such conjugated polymerstovauesas
highas10° Scm™.

Amongal conducting polymers, polyaniline(PANI)
achieved widespread importancebecause of itsunique
conduction mechanism and environment stability. The
survey of literaturereveal sthat the detailed conductiv-
ity studies on PANI/Cr,O, are scarce. In the present
study, PANI and PANI/Cr,O, composite (with vary-
ingweight percentageof chromium oxidein polyaniline)
have been synthesized. These samplesare character-
ized by thevarioustechniquessuch asXRD, IR, SEM
and thedc conductivity of these samplesare measured
and studied.

EXPERIMENTAL

Synthesisof PANI/Cr O, composites

Aniline (AR grade) waspurified by distillation be-
fore use and ammonium per sulphate[(NH,),S,0,)],
HCI wereused asreceived.. 0.1 moleanilinemonomer
is dissolved in 1 mole hydrochloric acid to form
polyaniline. Finegraded pre-sintered yttrium oxide (AR
grade, SD-Fine Chem.) powder in theweight percent-
ages (wt %) of 10, 20, 30, 40 and 50 is added to the
polymerization mixturewith vigoroustirringinorder to
keep the chromium oxide powder suspended in the
solution. To thisreaction mixture, [(NH,),S,0,)] which
isused asan oxidant isadded slowly drop-wisewith
continuousvigorousstirring for the period of 4-6 hours
at temperature 0-5° C. Polymeri zation of anilinetakes
place over fine grade chromium oxide particles. The
resulting precipitatei sfiltered under suction and washed
with distilled water until thefiltrate becomescolorless.
Acetoneisused to dissolve any unreacted aniline. After
washing, the preci pitateisdried under dynamic vacuum
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at 60-80°C for 24 hrsto get resulting composites. In
thisway fivedifferent polyanilinechromium oxide com-
positeswith different weight percentage of chromium
oxide (10, 20, 30, 40 and 50) in polyaniline have been
synthesized. All the compositesare crushed into fine
powder in an agate mortar in the presence of acetone
medium. The composite powder is pressed to form
pellets of 10mm diameter and thicknesswhich varies
from 2to 2.75 mm. The electrical measurementson
these samplesweremadeusing thesiver paint aselec-
trodeson both sides.

M easur ements

X-ray diffraction patternsof PANI/Cr,O, were ob-
tained with Philips X-ray diffractrometer using CuK o
(L =1.5404A). The infrared (IR) spectra of the com-
positeswererecorded on Perkin EImer (model 783)
IR spectrometer in KBr medium at room temperature,
intheregion4000—450 Cm-*. Thepowder morphol-
ogy of PANI and PANI/Cr,O, samplesintheform of
pdlletswasinvestigated using PhilipsXL 30 ESEM scan-
ning el ectron microscope (SEM). The dc conductivity
of the PANI/Cr,O, compositeswere measured by two
probe technique using alaboratory made setup inthe
temperaturerange40- 150 °C.

RESULTSAND DISCUSSION

Figure 1 shows XRD patterns for PANI/Cr,O,
composite with 50 wt% of Cr,O, in PANI. Itisseen
from Figure 1, that the rhombohedral peak of Cr,O,
indicatesthecrystdlinenaureof thecomposite. By com-
paring the XRD pattern of the compositewith that of
Cr,Q,, the prominent peaks corresponding to 20 =

273
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2),(104),(110),(024) and(116) planesof Cr,O,
[JCPDSfile no. 38 -1479] By comparing the XRD
pattern of thecompositeand Cr,O, itisconfirmed that
Cr, O, hasretainedits structureeven thoughitisdis-
persedin PANI during polymerization reaction.

Infrared spectrum (IR)

Figure2 showsthelR spectraof PANI/Cr,O, com-
posite (50% wt of Cr,O,in PANI). ThelR transmis-
son spectraof powder usng KBr pdletshaving differ-
ent weight percentage of Cr,O,in PANI wererecorded
intherange450-4000 Cm™ to confirm polymeriza-
tion of polyaniline. The spectrafor all the samples
showed strong bandsintheregion 470 - 1600 Cm
that arethe characteristicsof PANI, Similar stretch-
ing frequencies can a so befoundin other composites
but intensity of metal oxygen peak increases as the
weight present of Cr,O, isincreased. Theimportant
peaksthat are observed inthiscompositein IR spectra
are observed at 1567 Cm?, 1482 Cm'?, 1304 Cm'?,
1248 Cmr?, 1143 Cm'?, 869 Cmt, 804 Cm1623 Cm',
575Cmtand 511 Cmt. Itisfound from thelR spectra
that some of the characteristic stretching frequencies
arecons derably shifted towardshigher frequency side.
Thetypical peaks observed are at 1567 Cm?, 1482
Cm?, 1304 Cm?, 1143 Cm't, 804 Cmrtand 511 Cm't
which may beattributed dueto the Vander wallskind
of interaction between Cr,O, and PANI chain*2,
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Figure2: Infrared spectroscopy of PANI with 50 wt% of
CrO
273

Scanning electron micrograph (SEM)

SEM of PANI/Cr,O, compositeswith 50 wt% of
Cr,O,inPANIisshowninFigure 3. High magnification
SEM image reveals the presence of Cr,O, particles
(cenospheres) in PANI, which arehomogeneoudy dis-
tributed through out the composite sample. Itisfor the
first time,to best of my knowledge, such abeautiful dis-
tribution of cenospheresisobserved whichlooksasif

the beads are floating over the water surface. These
cenospheresshow alargevariationintheir dimensions.
Thelowest diameter of cenospheresrecorded was 250
nm and highest waswith diameter 750 nm. Suchlarge
variationinthedimensonsof cenosphereshasastrong
influenceonthevariousdectrica propertiesof thecom-
posites. Thecontrast inthisimageisdueto thediffer-
encein scattering from different surface areasasare-
sult of geometricd differencebetween PANI and Cr,O..
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Figure3: SEM micrograph of PANI with 50 wt%

of Cr,0,
Dcconductivity

Figure4 showsthevariationsof dc conductivity as
afunction of temperaturefor al compositesand Figure
5 showsthevariation of dc conductivity asafunction of
wt% of Cr,O,in PANI at different temperatures. It can
be observed that in all the compositesthe conductivity
increasewith respect to temperature forming multiple
phases of conductivity. It can be seenthat thevalue of
conductivity increases up to 30 wt% of Cr,O,in PANI
and then decreasesthere after. Thismay be dueto the
extended chainlength of PANI which facilitatesthe
hopping of charge carrierswhen the content of Cr,O,
Isup to 30 wt%. Thispoint isapercolation threshold
and the composites obey percolation theory. Further
thedecreasein conductivity isobserved after 30 wt%
whichmay beattributed duetothedistribution of Cr,O,

toxi1o” |

@oxi0 [

s.ox10 | el

o
T.aoxio [ o

+ &soxi1o

=)
ol s.oxio | -
a .

=) e e
L.ox 10 o [ et
//J/-
e
sexin | et o

Z2oxio

rtoxi1o |

Temperature in °C

Figure4: Variation of 6, asafunction of temperaturefor
PANI/Cr O, composites

Au Tudian Yourual



MSAIJ, 6(4) December 2010

M.V.N.Ambika Prasad et al.

211

U‘IESUn

toxio |-

10 20 30 L] 50
Wt of Cro0in PAaN

Figure5: Variation of 6, asafunction of wt% of Cr,O,in
PANI at different temperatures.

particlesof larger grain size, which are partialy block-
ing the hopping of charge carriers, since chargetrap-
pingin PANI anditsblendsisagenera universal fea-
tureof these material g6,

CONCLUSION

Effortshave been madeto synthesize PANI/Cr,O,
compositesto tailor maketheir properties. Detailed
characterizations of the compositeswere carried out
using XRD, IR and SEM techniques. Theresultsof dc
conductivity show astrong dependence ontheweight
percent of Cr,O,in PANI.
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