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ABSTRACT:

An attempt towards the realization of magnetism inpolymers has been made by inducing transition metal
oxide particles into the polymer matrix. Compositeof Polyaniline and ferric oxide (50% by weight) was
prepared by solid state reaction method. Compositevas subjected to X-ray diffraction, UV-Visible
spectroscopy and Vibrating sample magnetometry inrder to investigate its structural, optical and magetic
properties. The composite exhibits excellent ferrommgnetism at room temperature with the saturation
magnetization of 0.136 emu. The irreversible hystetic loop of B-H curve was obtained with the remenace
field of 0.826 emu/g and Coercivity of 569.7 G resggtively. The optical constants like electronic bashgap and
refractive index of the composite were also determéed to be around 2.37 eV and 1.40 — 1.41 in the ible
region respectively.

Keywords: Polymeric Composites, Optical properties, X-raghniques.

1.INTRODUCTION

Conducting polymers have attracted a great intémesgpplied and fundamental research. From theodeny of high
electrical conductivity in doped polyacetylene, @ugmount of research is going on towards the utatetig of
electronic and transport properties in conjugatetymers for the applications including rechargeahédteries,
coaxial cable, thin film transistor, electromagaoethielding, smart window, and light emitting disd&—6].

In the recent years, the development of carrierscfantrolled drug delivery is a challenge for reshars.
Synthesize and characterization of magnetic polycoesstitutes a new topic of research rapidly depialp in last
10 years. The magnetic behavior of a polymer bendie features of both magnetic particles andctiraucting
polymer [7]. Drug targeting can be achieved by neigncontrol. In this technology, targeted drugdpisded with
magnetic particles, which facilitate to concentrditegs in the focused area of interest by meamsagetic fields
[8-10]. Various inorganic or polymeric materials veabeen proposed as carriers of magnetic materfals.
considerable advantage of the polymeric carriethespresence of a variety of functional groupsicilis able to
modulate the carrier properties for the desirediegjons [8]. The use of natural polymers alsoaatis much more
interest due to their availability from abundannewable resources and due to their biocompatibaibgd
biodegradability.

In this work, a composite of a magnetic particleeimbedded into a polymer matrix to realize magretis a
polymer. A composite of Polyaniline (conducting yrokr) and Ferrous oxide (transition metal oxidenagnetic
particle) was synthesized and characterized fon#gnetic properties.
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2. SAMPLE PREPARATION AND CHARACTERIZATION TECHNIQU ES

Pure Polyaniline and Polyaniline / J& composite were prepared and characterized fostitsctural, optical,
electrical and magnetic properties.

2.1 Synthesis of Polyaniline

Prescribed amount of aniline (2.78g) is dissolvedlN Hydrochloric acid under constant stirring fbrhour.
Calculated amount of Potassium persulphate, K2SA@2g) in 20 ml distilled water is added to aréliin HCI
solution and constantly stirred for 1 hour undéemperature of 0 — 5°C. The polymerization solutiesults with
the formation of dark green precipite and it is tkepder room temperature for 24 hours. The prexipits then
filtered and dried in oven at 110°C to get Polyiaeilpowder [11].

2.2 Synthesis of Polyaniline/ Fe203 composite by solid state reaction

Equal amount of polyaniline and Fe203 is taken anghed in a mortar for uniform mixing. The mixtusas
subjected to heat treatment at 150°C for 5 hrs.rifiixéure was grinded into fine particles and anaéalt 250°C for
4 hrs. The process of composite synthesis is dapiata flow chart (Fig. 1). PANI / Fe203 composiias obtained
as dark brown powder. Composite was subjected tD ¥Rraction, UV-Visible spectroscopy, Scanningeton
microscopy and Vibration sample magnetometry ineortb study the structural, optical, morphologieald
Magnetic properties of the composites respectively.
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Fig. 1. Flow Chart for the synthesis of Polyanilifée0; composite by solid state reaction method
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2.3 Analytical Characterization

The structural characteristic of composite was yaeal using X-Ray Diffraction pattern. The patteraswobtained
in Shimadzu diffractometer, using the Cu Kadiation,A = 1.5406A with 40 KV and 20 mA, at a 0.04° scan rate.
The measurements were made at room temperatureheittiiffraction angle @ ranging from 10 to 70 degrees.
The syrf i s studigdg scanning electron microscopy (Make: Carlz&ie
Model: EYO MA 15) at the fesolution of 3 nm and tmagnification of 1000 x. The absorption spectruitihe
composite was observed using UY-Visible spectrom@aRY 5E UV-VIS-NIR) at room temperature withihet
wa\L:eIen h fanges from 300 nm to 1100-nm in stdps om. The magnetic behavior of the composite was
investigatedjysing Vibrating-Sample Magnetometeitkfshore, Model 7404) having 1.0% accuracy of miggne
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Fig 2: XRD pattern of PANI and PANI / F®; composite
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Inset of Fig. 2 shows the Williamson Hall plot btpolycrystalline composites. The plot is furtheerpreted to
determine the particle size and the strain usinByke Scherrer’s formula (egn. 1),

ﬂcosﬂz%+4esim9 1)

The particle size and the strain induced in the musiie are determined to be 126 nm and -0.00344ectsely.

The lattice constants a and c is determined a#t3\1and 5.393 A respectively using eqn. 2 and Paesvely.
A

. V3sing ()
_ A
sing@ 3)

3.2 Optical Absorbance studies

UV-Visible absorption spectrum of the compositedispicted in Fig. 3. The absorption spectra posaes
absorption peaks at 248 nm and 352 nm. The peafi@ahm is associated with the electronic transitifsom highly
occupied molecular orbital (HOMQg-band to lowly unoccupied molecular orbital (LUM@}band of electronic
states [12,13]. The peak at 248 nm is due to thegehtransfer of ferric ions [14].
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Fig. 3: UV visible spectrum of PANI / E®; composite
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3.2.1 Determination of Optical band gap

To determine the optical band gap of the compasitesic’s plot for pure Polyaniline and Polyanilire2O3
composites were plotted and depicted in inset @f &i Tauc’s plot is plotted betweerh()? and kv. The band gap
is determined by extrapolating the linear regiorhaf curve. The energy gap for pure polyanilineliserved to be
2.8 eV. The optical band gap of polyaniline wagatly determined and reported as 2.7 eV by Reda¥5]a The
higher value of optical band gap is due to the cédo in particle size of the synthesized Polyalipowder.
Composites with 50wt% of E®;in Polyaniline posses the energy gap of 2.37 e\é rEduction of band gap in the
composite may be due to reduction in the disordeéh® system and increase in the density of deftates. The
widening of band gap in case of heavily doped sendactors is due to the blocking of the low-endmgysitions
by the donor electrons occupying the states abtittom of the conduction band which is known asBhestein-
Moss effect.

3.2.2 Determination of refractive index

Reflectance, Transmission and absorption from amayerial depend upon the refractive index of that
material. Reflectance is given as,

_1\2
r=(~)°
(n+1
derived and reported earlier [16] as,
~(R+1) +/(-3R* +10R-3)
2(R-1) '

The reflectance of the samples was extracted frioenttansmittance and absorbance data. Fig. 4 defiet
relationship between the wavelength and refradtidex. The refractive index of the composite in Wisble range
(300 — 700 nm) is determined as 1.40 to 1.41.

, from this relation, the refractive index as adtion of wavelength in terms of reflectance haverbe
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Fig 4: Refractive index Vs wavelength
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3.3 Magnetic Characterigtics

Fig. 5 shows the typical magnetization curve of thagnetic composite. From the magnetization cutvis i
understood that the composite exhibits ferromagnetvith remanence magnetization JMf 0.0413 emu (0.826
emu/g) and the coercive field of 590.78 gauss. J4terration magnetization (was around 0.139 emu (2.78

emu/g). The relative saturation remanences /Mg is 0.297. The sensible value M r/M ¢ ratio also supports

the better hysteresis behavior of the composite.
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Fig. 5: M-H curve of PANI / F€; composite
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3.4 SEM analysis

PANI/Fe0; composite was subjected to SEM imaging. The imagge observed at the magnification of 5000 x.
The magnified SEM image was depicted in Fig. 6. ithage shows the uniform distribution of PANI ang®; in
the composite. There is no agglomeration of pasielas observed.
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Fig. 6: SEM image of PANI / ;®; composite

CONCLUSION

Composite of PANI and E©; was prepared by solid state reaction route. Coitgugre subjected to XRD, SEM,
UV-Visible spectroscopy and Vibration sample magnedtry in order to study the physical charactersstif the
composite. XRD pattern of the composite depict pudycrystalline nature and the lattice parameteias w
determined. The optical parameters like opticaldogap and refractive index are established fromatbsorption
spectrum of the composite.
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