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ABSTRACT

Polyaniline, an important conducting polymer, has been synthesized by both interfacial and sonochemical methods.
UV-Visible spectra reveal that the degree of polymerization and fiber length highly depend on the method used for
synthesis. The fibrous nature of emeraldine base of polyaniline has been studied by SEM micrographs. These fibers
are of nano-dimensions with orthorhombic crystal symmetry. The percentage crystallinity of polyaniline has been
investigated using powder X-ray diffraction analysis, where the percentage crystallinity of interfacially synthesized
polyaniline is 12% more than sonochemically synthesized polyaniline. This paper reveals that with the change in
crystallinity, thereis a remarkable change in % transmittance, bathochromic shift and fibrous nature of polymer.
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INTRODUCTION

Intrinsically conducting polymers like polyacetyéenpolypyrrole, polyaniline (PANI), polythiophenefc., are
organic polymers which possess the electrical, tepic, magnetic and optical properties of metaithwhe
retention of mechanical properties. These polyrmaes easily processable and find suitable utilityvarious
technological applications. These materials areemmmmmonly known as “synthetic meta[d]. Among these
polymers, PANI has elicited the most interest beeaaf its good environmental stability and wide garof
electrical conductivity (insulator to metallic regg) found by Mac Diarmid et al [2] in 1985. Sigodht, scientific
and technological interest has been focused onnmiynano particles [3-5]. One dimensional nanoestine of
PANI, including fibers [6-7], nanowire, rods, andbes [8-9] have been studied with great attentignmany
researchers worldwide because of their importanageanufacturing nano-devices. The PANI nanofibengehbeen
prepared by different methods including chemicldcteochemical as well as physical techniques [D&pending
on the need of researcher, the conditions for ggiting the nano-structured PANI are controllede Do simple
and easy preparation of nanostructured PANI, itvide applications [11] in industry and laboratsrfer designing
the devices like sensors [12-18halytical separations [16&3]ectrorhelogical systems [17-18htalytical supports

[19], actuators [20], electrostatic discharge [2Hrrosion protection [22-23], field effect trartsis and fuel cells
etc.

It is well known that the parameters such as mglpoint, solubility, stability and morphology arepmkndent on
crystallinity of the organic compound. It has besstablished that the doped and undoped PANI hdsrefift
crystalline contents [24], i.e., the emeralding §aANI-hydrochloride) is partly crystalline whilemeraldine base
(undoped PANI) is essentially an amorphous polyrSeich determination of morphology based on X-raglyasis
of a powdered sample is a relatively easy and reddp effective method, although the method hasrsdv
limitations [25]. The present paper deals with ttmmparative studies for the degree of crystalliigtween
interfacially and sonochemically synthesized PABhafibers.
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MATERIALS AND METHODS

The following materials were used to synthesizeofibers of PANI: Aniline, HCI, ammonium hydroxid€CDH
chemicals India), ammonium persulphate (Merck Lkdumbai, India), dimethylformamide (Qualigen Indiand
dichloromethane (Spectrochem Pvt. Ltd., Mumbaijdpdiniline was double distilled under reduced pressuné
stored at low temperature prior to its use. Allestkhemicals were AR grade and were used as recdd@uble
distilled and demineralized water from Millipore svased throughout the studies.

Synthesis of PANI by interfacial method

0.2 M of distilled aniline was dissolved in 10 nildichloromethane (CkCl,)to form aniline solution (colorless) in
CH,CI, 0.2 M of APS was dissolved separately in 10 ml & HCI to form ammonium persulphate (APS) solution
(colorless). Both the solutions, i.e., aniline $ioln and APS solution were kept at low temperahgsveen 1 to %€

to cool the solutions. This was done to decreaserdlte of reaction as the oxidation of aniline bpSAis an
exothermic reaction. APS solution was poured ower aniline solution which results in the formatiohtwo
distinct and separate layers of solutions in cdritamugh an interface. The lower layer was anibotution while
upper layer was APS solution. The beaker contaifiath the solutions was kept in ice bath to mamtie
temperature between 1 t§G Greenish blue colored product started appeaatntpe interface of the solutions
which was an indication of the initiation of theaotion. The product was hydrophilic and therefdrenoved
upward, i.e., in the APS solution after being fodva interface. After 2 to 2.5 h the changes talptage in the
beaker gets stopped which is an indication of thmpetion of reaction. The product was filtered,shed with
distilled water and methanol till the filtrate b@oes colorless and then dried at room temperature fihial product
was dedoped by 1:1 aqueous ammonia solution faingeemeraldine base (EB) form of PANI. Step-wise
schematic representation of interfacially synthediANI is given in Fig. 1.

Precooled Aniline sohusion Beaker containing i ; . :
and APS solution . Initiation of reaction Reaction after 20 min

=3

Reaction after 2 h Reaction after 25 min

Filtered and drled product

Fig 1. Schematic representation of interfacially sythesized PANI

Synthesis of PANI by sonochemical method

Chemical polymerization of aniline was done witle @id of ultrasonic waves using Ultrasonicator (ElodSB-
2.25) from Accumax India, Delhi. A solution of fidg distilled aniline (0.2M) was prepared in 1M H&blution.
The solution was cooled at 0-5°C and an aqueousignlof APS (0.2 M) was added drop wise (2.5 pbire lot)
under sonication for 30 min at 5°C. A dark greeecjpitate so obtained was filtrated and then wadhetiM HCI
solution several times followed by deionised waterwas finally dried, and powdered. The final puotl was
dedoped by 1:1 aqueous ammonia solution for ge¢ingraldine base form of PANI.

RESULTS AND DISCUSSION
UV-Visible spectroscopy

UV-Visible spectra of PANI solutions in DMF werecarded over the range 250-900 nm using double Bd¥m
Vis spectrophotometer (Model UV5704SS) ECIL, Indide data of UV-Visible spectra confirm the fornoatiof
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polymer giving characteristic bands. Two absorptands were appeared in the UV-Vis spectra of PANDMF
(Fig. 2).

The first absorption band at ca. 350 nm is assediaith ther— n* transition of the conjugated ring systems and the
second band at ca. 620 nm is assigned to a bewzenguinoid excitonic transition in sonochemicalynthesized
PANI [26]. The much higher absorbance values and bands atad@3820 nm are reported for interfacially
synthesized PANI owing to its higher solubilityidtreported in the literature that the positioritef band about 350
nm correspond to interban@-mi] transition and depends on degree of polymerizafidwerefore, it is concluded
here that an average polymerization degree in $mmically synthesized PANI is slightly less thaa thterfacially
synthesized PANI. At the same time, relative reift sif the polaron band in interfacially synthesizBANI could
argued in favor of comparatively more delocalizataf polarons [27]. Additionally, it was found thétere is no
alteration in the electronic state of the nanob&rPANI synthesized by two different meth§2ig].
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Fig 2. UV-Visible spectra of PANI
FTIR analysis

FT-IR study is useful for characterization of pobms [29-30]. The FT-IR spectra of PANI nanofibersrev
recorded in KBr medium using a Perkin-Elmer (Modtlel.2000, UK) spectrometer. The characteristic pesaks
observed at 3392, 2922 and 1302cwhich attribute due to the —NH stretching, C-Hegthing on aromatic ring
and C-N stretching while peaks at 1498 and 159G show the presence of benzenoid and quinoid stestu
respectively. The characteristic peak at 1165' ésndue to an aromatic amine stretching. The peal2&tcnt
attributes due to the out of plane hydrogen deftionaof aromatic rings in PANI unit sequences [3The
characteristics peaks observed for both type of Pad almost similar which shows that there is mgmificant
difference between the chemical structures of tampes as shown in Fig. 3. The emeraldine baseAdfl P

synthesized by the interfacial method has sharpraedse peaks as compare to PANI synthesized figcbemical
method.

The FTIR spectra show that the change in the ptagentransmittance is due to the change in theeptage of
crystallinity. Hence, more intense and sharp padicates that the sample is more crystalline inneat
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Fig 3. FTIR specra of PANI
XRD analysis

The powder X-ray diffraction patterns were recordsithg a Rikagu miniflex diffractometer employing ®a.l
radiation at a scan rate of 1°/min and step si@2.0he X-ray diffraction data for PANI synthesiziegl interfacial
and sonochemical methods are shown in Fig. 4.dtkdegen reported that the crystallinity of the poliilae sample
depends on the conditions set during the syntloddige polymer. The XRD pattern of polyaniline ealdine bases
with broad diffused peak at approximately 19° iatiés that the PANI is amorphous. However, somepspaaks
are also present which indicate that the PANItiklbit crystalline also.
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Fig 4. X-ray diffraction spectra of (a) Sonochemiclly and (b) Interfacial synthesized PANI

Crystallinity index of the sample was calculateddmyploying a formula given by Manjunath et al. [2@Jcording
to this formula, the resolution of the peak R fora¥y spectrum with heights land B and minima mis given by
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R = (2m,) / (hy + h;) 1)

In the case of polymers, where there are more thvnpeaks as in polyaniline, all the peaks and riieima
between them are measured. Thus

R=(my+2Zmy .. ... .. +my_3)/(by+hy. o+ hy) (2

Where m, m, are the heights of minima between two peaks anthlare the heights of peaks from the base line.
The crystalline peaks of PANIs are usually visilite the figures. Hence, for calculating the percgataf
crystallinity, appreciably sharp peaks of PANI s&mpt three different theta values are consideréithware
presented in Table 1.

Table 1. B value for the peaks, interplanar spacing (d) valuand % of crystallinity (R) calculated from X-ray diffraction pattern of
PANI (Interfacial) and PANI (Sonochemical)

X-ray data

20 (degree)| d(A°) | R(%)
14.383 6.15327|

1 PANI (Interfacial) 19.841 4.47126 28
28.309 3.14999
14.757 5.99816
2 PANI (Sonochemical 19.668 451001 16
27.518 3.23876

S. No. Sample

Hence, the general formula in (Eq. 2) can be redifoethree peaks as
R =(my + Zmgy) / (hy + hy; + hy 3)

Then, (1-R) gives the lateral order or the indexrgbtallinity. The percentage of crystallinity Haesen estimated by
employing the relation (3). It has been found th@erfacially synthesized PANI is 28% crystallinehile
sonochemically synthesized PANI is only 16%. On otieer hand, the crystal symmetry for both the damfs
orthorhombic and the space grouppibn which is found in agreement with literature vali33]. 20 values,
interplanar spacing values and % crystallinity datae been presented in Table 1.

It is well known that the polymer crystallinity aldystal structure are strongly dependent on thetkis of polymer
formation. The fast growth of the polymer resultslisorder orientation of polymer chains and amoyshpolymer
structure. In this study, the interfacial polymatian is relatively slower than sonochemical polyizegion, which
is favorable for polymer chains to orient themsslv&he higher the degree of regularity in arrangemeand
ordering of polymer chains, the higher is the alsiity. This again depends on the type of intéatbetween the
polymer chains during reaction. Due to slow kirgtihie amine group in interfacially synthesized PANain leads
to strong interchain H-bonding and dipole-dipoleeiaction, and result in better orientation of akaiThus, more
crystalline nanofibers are obtained. It is belietteat high crystallinity will result high conductiy [34].

SEM analysis

In order to confirm the crystallinity of PANI syrgkized by different methods, the SEM (Hitachi, $N)
micrographs of PANI emeraldine bases are shownign 5a) and 5(b). Under careful electron microscop
observations, a large amount of nanofibers is founbdoth types of samples. But, the amount of nibeo$ is
relatively more in case of sonochemically synthegiPANI. The length and diameter of the nanofilagessmaller
than interfacially synthesized PANI nanofibers. Tdiameter of interfacially synthesized PANI is 18 while
sonochemically synthesized have 95 nm. This sugdbst possibility of obtaining polyaniline nanofibewvithout
any external structural directing agents. The sbaodcally synthesized nanofibers that formed néifuia the
early stage of the polymerization reaction are Emah diameter than interfacially synthesized PANherefore,
preparation conditions were designed to “shape”phlymer into nanostructures. One can take advantdghe
nanofibrillar morphological unit and focus on mailify the reaction path-way so that nanofiber foramatis
favored while their overgrowth, which would otheswilead to agglomeration, is suppressed.

Interfacially synthesized PANI is much more nanofiér in nature because of the control over kiogtf reaction.
Since, the interfacially synthesized PANI prodwgtn its hydrophilic emeraldine base form, it difis away from
the reactive interface into the water layer. Thiskes more reaction sites available at the interfwe basic
approaches to separate nanofiber formation fronngoeesth in conventional aniline polymerization réans have
been discovered. In the first approach, the reactsoplaced in a heterogeneous biphasic systemrewtie
polymerization occurs primarily at the interfacalavoids further overgrowth. In this way, the naloefs formed at
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the interface are collected in the water layer aithsevere secondary overgrowth. Therefore, thegoeeth of
polyaniline is suppressed due to lack of initiatoolecules. From SEM and XRD studies, it is conctudeat
interfacially synthesized nanofibers of PANI are¥d2nore crystalline than sonochemically synthesiB&NI
nanofibers.

DIEES3700 15.0kV 11.4mm x20.0k SE 3.00um

Fig 5. SEM Micrographs of (a) Sonochemically and (binterfacially prepared PANI

CONCLUSION

In summary, we can say that the crystallinity of\RAs highly dependent on the method used for sssithand the
kinetics. From UV-Visible spectroscopy, it is fourttat average polymerization degree in sonochetyical
synthesized PANI is slightly less than interfagialynthesized PANI. Hence, the nanofibers syntleesiay
sonochemical method are smaller in length as coenfwamterfacially synthesized PANI nanofibers. SThesult is
also found in agreement with SEM micrographs. ThéRFspectra suggest that there is no significafieince in
the chemical structure of the synthesized PANI fibaos prepared from either of the method. On thgiof XRD
studies, it is concluded that interfacially synihed PANI is 12% more crystalline than sonochenhcsynthesized
PANI. Further, it is found that with the increase drystalline nature of polymer, the percentagesmsittance,
sharpness of peak and batho-chromic shift in tteomtion spectra increases while the fiber fornmatendency
decreases because fibers are irregular patternsrgstallinity is a long range order of unit cells.
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