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ABSTRACT

Conducting polymer nanocomposites (PANI-CNT and POAS-CNT) have been synthesized by polymerization of aniline (ANI)/
o-anisidine (OAS) in the presence of functionalized multiwall carbon nanotubes (MWCNTS). These nanocomposites have been
characterized by UV-VIS, FTIR and SEM to study the effect of incorporation of MWCNTSs on the morphology, structure and
crystalline of the conducting polyaniline and its substitute derivate poly(o-anisidine). UV-VIS spectra shows that polaron-n*
and n-* transition bands of the PANI/POAS chain shifted to longer wavelengths, indicating the interaction between quinoid
rings and MWCNTs. FTIR spectra shows that the interaction between the MWCNTs and PANI/POAS may result in ‘charge
transfer’, whereby the sp® carbons of the MWCNTSs compete with dopant ions [CI'] and perturb the H-bond, resulting an
increase in the N-H stretching intensity. Electron microscopy reveals that the interaction between the quinoid ring of
PANI/POAS and the MWCNTSs causes PANI and POAS polymer chains to be adsorbed at the surface of MWCNTS, thus
forming a tubular core surrounding the MWCNTSs. The nanocomposites showed high electrical conductivity compared to pure
PANI/POAS. Further, PANI-CNT showed high electrical conductivity compared to that of POAS-CNT. Copyright © 2013
VBRI Press.
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Introduction

In recent years two classes of organic materials like
conducting polymers and carbon nanotubes have gained
great interest for their unique physicochemical properties.
Among the wvarious conducting polymers, PANI
(polyaniline) has received special recognition owing to its
electrical conductivity, stability and its redox behaviour
[1]. As the researchers studied its properties they realized
that after adding nanomaterials as filler, the properties
could be improved. Since the discovery by ljima [2],
carbon nanotubes (CNTS) have received much attention for
their possible use in fabricating new classes of advanced
material, due to their unique structural, optical, mechanical
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and electronic properties [3-5]. Introducing CNTSs into a
polymer matrix improves the properties of the original
polymer [6]. PANI is one of the conducting polymers that
have potential in the near term, due to its good
processability, environmental stability and reversible
control of conductivity both by charge-transfer doping and
protonation [7]. The use of PANI together with CNTSs to
form nanocomposites could result in the formation of
materials with extraordinary properties [8]. Though several
studies have been done on PANI/CNTs nanocomposites,
the electron conduction and stability of the nanocomposites
still remain an issue [9]. The aim of this study is to fill the
CNT in order to improve the interaction between the CNT
and PANI or its substitute derivative POAS, which may
lead to an increase in the electrical conductivity. Potential
applications of these nanocomposites are in high energy
portable electronics and supercapacitor properties [10].

Experimental

Monomers aniline and ortho-methoxyaniline (o-anisidine)
purchased from Merck and used after purification.
Oxidizing agent ammonium persulphate [(NH4)2S5208]
and other reagents were obtained from Hi-media and used
as received. High purity MWCNT with diameter between
30-40 nm was made available from NPL, New Delhi.

Polymer/CNT nanocomposites were synthesised by an
in-situ  polymerization of aniline using ammonium
persulphate (APS) as oxidant in the presence of the
functionalized CNT, as described in Zein et al. [11]. A
solution of HCI containing a predetermined amount of CNT
was sonicated at room temperature. Aniline monomer was
dissolved in HCI solution and added to the CNT suspension
and stirred. Ammonium persulphate (APS) was dissolved in
HCI solution and then slowly added drop wise to the
reaction mixture. After the suspension became green,
indicating the formation of PANI/CNT in its emeraldine
salt form, the nanocomposite obtained was filtered, washed
several times with deionized water and dried for 24 h. The
same method was used for POAS/CNT nanocomposite.
UV-vis spectra were performed on a Shimadzu UV-visible
spectrophotometer. FTIR spectra were obtained on Perkin
Elmer Fourier transform infra-red spectrophotometer. The
morphology analysis of the nanocomposites was carried out
using scanning electron microscope (SEM). The electrical
conductivity was measured by using four point probe
method.

Results and discussion

We studied the standardized oxidative polymerization,
carried out for the synthesis of both pure conducting
polymers and related nanocomposite materials, to
investigate whether the presence of dispersed CNT into the
medium of reaction could affect the polymer chains
oxidation ratio in the final products of synthesis. For this
purpose, we studied the UV-vis spectra to verify the
amount of quinone-like structure per repeat unit. McCall
and co-workers gave proof that the peak related to the r-
n*transition can give an estimation of the oxidation ratio
comparing the related absorbance to that of n-n* one [12].
We thus took into consideration the peaks absorbance ratio,

express as Abs (m-n*)/Abs (n-n*), to calculate the
reduced/oxidized ratio of the synthesized materials.
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Fig. 1.UV-Vis spectra of PANI-CNT and POAS-CNT composites.

UV-Vis spectroscopy was utilised to understand the
electronic states of PANI and POAS in PANI-CNT and
POAS-CNT. The PANI showed two characteristic bands at
550 nm in visible corresponds to inter ring charge transfer
ratio of benzenoid to quinoidmoities and at 290 nm in UV
corresponds to m-m* transition along the backbone of the
PANI chain [13], indicating that the resulting PANI
emaraldine salt was in the doped state. As MWCNTSs were
incorporated with PANI (Fig. 1), the characteristic peaks of
the PANI chain shifted to longer wavelengths, indicating
the interaction between quinoid rings and MWCNTSs [14].
The m-n* transition of PANI in the nanocomposites was
also shifted to longer wavelengths. Similarly, the
characteristics bands in POAS have also been shifted to
longer wavelengths due to incorporation of MWCNTSs
indicating the interaction between quinoid rings and
MWCNTSs, observed in case of POAS-CNT [15].
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Fig. 2. FTIR spectra of PANI-CNT and POAS-CNT composites.

Fig. 2 shows the FTIR spectra of PANI-CNT and
POAS-CNT. It exhibits the clear presence of benzoid at
1476 cm™ and the quinoid ring vibration at 1557 cm*,
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indicating the oxidation state of emaraldine salt of PANI
[16]. The strong band around 1141 cm* is the characteristic
peak of PANI conductivity and is a measure of the degree
of the delocalization of electrons [13]. Very weak and broad
band around 3000 cm™ is assigned to the N-H stretching
mode. The N-H stretching region near 3000 cm™ in figure 2
showed strong and broad peaks. The interaction between
the MWCNTs and PANI/POAS may result in “charge
transfer”, whereby the sp® carbons of the MWCNTSs
compete with dopant ions [CIT] and perturb the H-bond,
resulting an increase in the N-H stretching intensity [17].
Another difference is the intensity ratio of the benzoid and
quinoid bands. In case of pure PANI the intensity of the
quinoid band is less intense than benzoid band. The
benzoid/quinoid intensity ratio for PANI-CNT and POAS-
CNT is reduced considerably. This reveals that there are
fewer benzenoid units in the nanocomposites compared to
pure PANI. This may suggest that the MWCNTS promotes
and stabilises the quinoid ring structure of the
nanocomposites.

Fig. 3. SEM images of (a) CNT, (b)functionalized CNT, (c)PANI-CNT
and (d) POAS-CNT.

SEM micrograph of CNT, functionalized CNT, PANI-
CNT and POAS-CNT nanocomposites are shown in Fig. 3.
Functionalized CNT shows weaker bonds as compared to
that of pure CNT responsible for mixing with polymer.
PANI-CNT and POAS-CNT nanocomposites show the
homogeneous coating of PANI as well as POAS onto the
CNT shown in Fig. 3, indicating that CNTs were well
dispersed in polymer matrix. Composites show new
interwoven fibrous structure with diameter about 115 nm
which acts as conductive pathway and lead to high
conductivity than that ofpure PANI.

To study the charge transport mechanism in the
polymer composite, variation of conductivity with
temperature of the nanocomposites were measured. From
Fig. 4, the variation of conductivity with temperature
indicates the “thermal activated behavior” for both the
nanocomposites. The electrical conductivity of PANI-CNT
and POAS-CNT was measured according to the standard
four-point probe method. The room temperature
conductivity of the composites was found to be 1.95 S/cm
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and 0.16 S/cm for PANI-CNT and POAS-CNT
respectively. The enhancement in conductivity of PANI-
CNT compared to neat PANI/POAS is due to the charge
transfer effect from the quinoid rings of the PANI/POAS to
the MWCNTSs. Furthermore, the MWCNTs may serve as
“conducting bridges”, connecting the PANI/POAS
conducting domains.
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Fig. 4. Conductivity of PANI-CNT and POAS-CNT composites.

Conclusion

Nanocomposites of PANI-CNT and POAS-CNT were
successfully prepared through the in-situ chemical oxidative
polymerisation of aniline/o-anisidine. Nanocomposites
showed good interaction, based on the shift in the electronic
transition described by UV-VIS and FTIR spectra, which
showed rich in quinoid rings. SEM revealed the filling of
MWCNT and the uniform coating of PANI/POAS. The
conductivity of PANI-CNT was higher than that of POAS-
CNT.
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