ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 810-822

Journal homepage: http://www.journalijar.com INTERNATIONAL JOURNAL
OF ADVANCED RESEARCH

RESEARCH ARTICLE

ISSN NO. 2320-5407

SYNTHESIS OF NOVEL CERIUM DOPED POLYANILINE MULTIWALLED
CARBON NANOTUBES AND THEIR OPTICAL AND ELECTROCHEMICAL
PROPERTIES FOR SUPERCAPACITOR APPLICATIONS

S. Tharani, S. Chidambara Vinayagam*
Department of Chemistry, Presidency College, Chennai-600 005.

Manuscript Info Abstract
Manuscript History: PANI/Ce(NO3)s/MWCNTSs nanocomposites are synthesized via in
Received: 15 January 2015 situ oxidative polymerization of aniline monomer in HCI solution. The
Final Acc'epted: 25 February 2015 PA_NI/Ce(Nog)_g was homogeneously coated on j[he surface of MWCNTS
Published Online: March 2015 which greatly improved the charge transfer reaction. The PANI/Ce(NOs)as/
MWCNTSs nanocomposites exhibit better electrochemical performances than
Key words: that of neat individual components. The maximum specific capacitance of
900 Fg' was obtained at a scan rate of 5 mVs ' for PANI/5 wt% Ce(NO;);
Multiwalled  carbon  nanotubes, composite with 7 wt% MWCNT, compared to 210, 350, 564, and 740 Fg’1
Polyaniline, - Specific - capacitance, for neat PANI, PANI/5 wt% Ce(NO3);, PANI/5 wt% Ce(NO;)s/3 wt%

Photoluminescence.

MWCNT and PANI/5 wt% Ce(NOs;)s/5 wt% MWCNT, respectively. The
combination of electron donating PANI and cerium semiconductor enhanced
both the electron mobility in the nanocomposites and photoluminescence
behavior. The relatively PL was achieved with higher weight % of MWCNT
S. Chithambara Vinayagam as the excimer quenching by MWCNT was shielded a PANI coat. The
resulting composite can use as promising electrode materials for high
performance electrical energy storage devices.

*Corresponding Author

Copy Right, 1JAR, 2015,. All rights reserved

INTRODUCTION

Supercapacitors have played an increasingly important role in applications such as the auxiliary power
source in combination with battery in hybrid electric vehicles, short-time power source for mobile electronic
devices, backup power sources for computer memory etc. [Arbizzani et al., 1997; Conway, 1991; Conway, 1999;
Kotz and Carlen, 2000; Otero, 1999]. In recent years, a lot of research interest was focused on conducting polymer
based supercapacitors owing to their high capacitive characteristics and low material cost. Among numerous
conductive polymers, polyaniline (PANI) is considerably attractive because of its easy synthesis, low cost,
environmental stability, high and controllable conductivity [Li et al., 2002; Ryu et al., 2002]. Generally, polymers
are lack of extended m conjugation, which is the main criteria for the electrical conductivity, but organic polymers
such as PANI, polypyrrole etc. have extended m bonds thus act as conducting materials by the carrying the charge
along the chain. IrCl; polypyrrole gives enhanced capacitance for electrochemical energy storage device, RuCl;
doped polypyrrole gives higher capacitance in NaNOj electrolyte solution, MnCl, doped polyaniline was also used
for electrochemical supercapacitor application and gives 474 Fg * with highest doping level [Cong et al., 2013; Patil
et al., 2011; Wang et al., 2013; Yuan et al., 2012]. However, a low cycle life and poor mechanical properties,
resulting from the swelling and shrinkage during the doping/dedoping processes limit its application as individual
electrode material. In order to alleviate the limitation, composites of PANI/carbon materials (e.g. graphene carbon
nanotubes (CNTSs), [Chen et al., 2010; Iranagh et al., 2013; Ni et al., 2010]), and PANI/inorganic oxides (e.g. MnO,,
Sn0,, TiO,, [Ben et al., 2004; Bian et al., 2009; Chi et al., 2000; Hu et al., 2009; Xie et al., 2014]) have been proved
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to be attractive to reinforce the stability of PANI as well as maximize the capacitance value. Transition metal oxides
are considered to be the most suitable candidate materials for electrochemical capacitors. These stem from the high
specific capacitance coupled with low resistance resulting in a high specific power which makes them suitable for
commercial applications. For example, many researchers have investigated transition metal doped conducting
polymer and have found higher conductivity with increase in doping level of transition metal. More importantly,
CNT is an excellent support material due to its high surface area, which can promote the active materials evenly
dispersed on its surface and fast electron transfer; thus, improving the utilization of active materials.

Most recently, to get the electrode materials with better electrochemical performance, various ternary
composites have gained much attention. Yu et al., (2012) have reported the fabrication of graphene/MnO,/CNT
composite by 3D conductive wrapping of graphene/MnO, with CNTs. Han et al., (2014) have prepared MnO,
nanorods intercalating graphene oxide/PANI ternary composites. Those ternary composites both showed better
electrochemical performance than the corresponding binary composites. However, until now, studies about
graphene/MnQO,/PANI ternary composite are still limited. Researches indicate that electrochemical characteristics of
electrode materials are highly dependent on the grain size, texture, surface area and morphology [Xu et al., 2006].
The unique nanostructures, such as nanotube or nanorod arrays, nano network and porous structure [Li et al., 2012;
Lee et al., 2013; Ozkazanc et al., 2012; Wang et al., 2013; Yu et al., 2011] are very conductive to improving the
electrochemical characteristics of electrode materials. To the best of knowledge, the limited reports only available
on the investigation of lanthanide ions doped nanocomposites as electrode material. Doping of rare earth metals has
received great attention due to its peculiar, optical and catalytic properties arising from the accessibility of shielded
4f levels. In this research work, we have synthesized Ce®" ion doped PANI using cerium nitrate as nanocomposites
by using MWCNTSs. Cerium ion have strong binding affinity with the nitrogen lone pair of PANI, which improve
the stability of electrode material and increase the cyclic stability, and also doping of cerium ions in the polymer
matrix influence the particle size, acts as a redox active catalyst and significantly increase the absorbance property.

2. Experimental
2.1. Materials

Aniline was distilled under the protection of high purity N, and then kept in a refrigerator before use. All
the other chemicals were analytical reagent, and used without further purification. Multiwall carbon nanotubes
(MWCNT, diameter of 40-50 nm and length of 50 uM) were purchased from Sigma Aldrich. Ammonium
persulphate and hydrochloric acid were purchased from SD Fine chemicals, India. Cetyltrimethylammonium
bromide (CTAB) was purchased from Sigma Aldrich, USA.
2.2. Instrumentation

The Fourier transform-infrared (FT-IR) spectra were recorded on a Perkin Elmer 100 FT-IR spectrometer.
Solid samples were embedded in KBr disc. The field emission scanning electron microscopy (FE-SEM) used in this
work was done using a NanoSem 230 microscope. Ultraviolet-Visible (UV-Vis) spectra were obtained on a Varian
Cary 5000 UV-Vis spectrometer. Stock solutions were prepared by dissolving 10 mg of each sample in 1 L of
N-methyl-2-pyrrolidone (NMP). Photoluminescence (PL) measurements were performed using a Varian Cary
Eclipse Fluorescence Spectrometer. The excitation wavelength was that of the UV absorption maximum of each
sample. Powder X-ray diffraction patterns were recorded at room temperature by monitoring the diffraction angle 26
from 10 to 70° as the standard on a Rich Siefert (Model 3000) X-ray powder diffractometer. Thermo gravimeter
analysis was carried out using the DSTA 409 PC analyzer (Netzsch Gerateban GmbH). For electrochemical
measurements, cyclic voltammetry (CV) was carried out using a Versa STAT3 AMETEK Model (Princeton Applied
Research, USA) potentiostat/galvanostat employing a standard three electrode electrochemical cell. This consisted
of samples on glassy carbon (GC) with a diameter of 3 mm as the working electrode, Ag/AgClI reference electrode
and platinum gauze as the counter electrode. Experiments were carried out at room temperature in 0.1 M H,SO,
electrolyte solution. Nitrogen gas was used to purge the solution to achieve an oxygen-free electrolyte solution. All
potentials are reported relative to Ag/AgCl (in saturated KCI) reference electrode recorded at a scan rate of 5 mVs ™.
The potential window for cycling was confined between —0.2 V and +1.0 V in acidic electrolyte. The GC electrode
was polished with alumina slurry prior to use to obtain a mirror-like surface. Samples (2.0 mg) were dispersed in
NMP (0.2 mL) and aliquots of the suspension (10 uL) were coated on GC electrodes and dried under reduced
pressure (0.5 mmHg) for 24 h at 50 °C. Nafion (5%, 5 L) in ethanol was pipetted onto the sample/GC electrode and
allowed to dry at laboratory conditions for 2 h.
2.3. Synthesis of polymer nanocomposites

Initially the effect of cerium on pure PANI was studied with varying the weight (wt) % of cerium nitrate by
1, 3 and 5 wt%, respectively. We arrived to a conclusion that 5 wt% cerium nitrate doped PANI exhibited better
absorption as well as emission properties. So in order to achieve emission as well as supercapacitance in the
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composite, we extended our work in studying the doping effect of MWCNT (1-7 wt%) in the 5 wt% Ce(NOs);
doped PANI. Aniline was stirred in 150 mL 1 M HCI and then 5 wt% cerium nitrate was added to the above mixture
and stirred for 30 min. In another beaker, calculated weight percentage of MWCNT and CTAB was sonicated in 1
M HCI in order to avoid agglomeration of MWCNTSs. To this MWCNT solution, aniline and cerium nitrate mixture
was added and maintained in ultra sonication for 30 min. Then ammonium persulfate (APS, 2.5 mmol) in 30 mL of
1 M HCI solution was slowly added drop by drop into the above mixture with constant stirring. Polymerization of
aniline started after about 5 min, and then the reaction was allowed to stir overnight. The mixture was diluted by 200
mL of deionized water. The precipitated composite was collected by filtration, and repetitively washed with water
and ethanol until the filtrate became colorless, dried at 60 °C for 12 h in a vacuum oven. A proposed mechanism of
PANI/Ce(NO3)s/MWCNTSs nanocomposite formation is depicted in Scheme 1. For comparison, pure PANI was also
synthesized through the aforesaid chemical process without the presence of MWCNT suspension. After having been
dried under vacuum at 60 °C for 12 h, the PANI powder was obtained.

3. Results and discussion
3.1. Infrared spectral analysis

The FT-IR spectra of the PANI, PANI/5 wt% Ce(NO3z); and PANI/5 wt% Ce(NOs)s/1-7 wt% MWCNTSs
nanocomposites are shown in Fig. 1. The characteristic IR bands of pure conducting emeraldine salt form of PANI
(Fig. 1a) were observed at 787 cm™' (C—H stretching), 1100 cm™' (C—H bending), 1238 cm™' (C—N stretching mode
for quinoid units), 1292 cm™' (C=N stretching mode), 1384 cm™' (C=N stretching mode for quinoid units), 1460
cm ! (C—C stretching of the benzenoid ring) and 1560 cm™' (C=C stretching of the quinoid ring). The peak at 3450
cm ' (N-H stretching mode) was observed for only undoped and 1 wt% cerium nitrate doped PANI (Fig. 1b). In
addition, the intensity of the peak at 3450 cm ' referring to N—H stretching mode almost disappears at 3 wt% and 5
wt% doping levels of cerium nitrate (Fig. 1¢c & 1d) [Markovic et al., 2006]. This was due to the interaction between
the nitrogen atoms in the polymer chain and cerium ions. Some of the peaks have also shifted due to the effects of
the doping process. The IR spectra of PANI/Ce(NO3)s/MWCNTSs nanocomposites (Fig. 1e & 1f) showed a higher
intensity ratio between 1586 cm™' and 1499 cm ' than neat PANI, endorsing the presence of strong interactions
between MWCNT and the quinonoid units of PANI [Saini et al., 2009].
3.2. Raman spectral analysis

Raman spectrum of pure PANI (Fig. 2a) exhibits two characteristic peaks at 1500 cm™' and 1172 cm™'
which was assigned to C=N stretching in quinoid units, and C—H bending in benzenoid units, respectively. The peak
located at 1588 cm ' correspond to C=C stretching in the quinoid ring. In the Raman spectrum of pure PANI, the
broad band centered at 1353 cm ™' was associated to the stretching mode of C-N delocalized polaronic structure,
which was characteristic of the protonated imine form of polyaniline. Raman spectra show the position of the C—N
stretching band was shifted to higher wave number, i.e. 1368, 1372 and 1371, respectively, for 1, 5 and 7 wt%
MWCNT doped with PANI/5 wt% Ce(NO3); nanocomposites denoted as Fig. 2b, ¢ & d, respectively. This shifting
could be attributed to the electrostatic interaction between the C—N species of PANI matrix and the MWCNT. The G
band peak at 1591 cm ™" in the base PANI was shifted to 1601 cm™', 1602 and 1605 cm ', respectively, with 1, 5 and
7 wt% MWCNT doped with PANI/5 wt% Ce(NOs); nanocomposite and this indicates the strong interaction between
MWCNT and PANI/5 wt% Ce(NO3); nanocomposites.
3.3. UV-Vis spectral analysis

Absorption spectroscopy was used to characterize the chemical structures of synthesized PANI/Ce(NOs),/
MWCNTSs nanocomposites. The electronic absorption spectra of neat PANI, PANI/5 wt% Ce(NOs); and PANI/5
wt% Ce(NO3)s/MWCNTSs nanocomposites are demonstrated in Fig. 3. It can be seen that the UV-Vis spectrum of
PANI shows two sharp peaks with the maxima at 329 (peak 1) and 624 nm (peak 2). These observed peaks are
correspond to n—7* transitions centered on the benzenoid and quinoid units, respectively. The UV spectrum of
PANI/Ce(NO3); show the UV absorption edge of n—m* transitions centered on the benzenoid and quinoid units,
shifts towards the longer wavelength of 350 and 630 nm, respectively, with 5 wt% Ce(NOj)s. Adding 1 wt%
MWCNT into PANI/Ce(NOj3); matrix red shifts the absorption peak of the —n* transition from 350 (3.5) to 371 nm
(3.3 eV) and a blue-shift of the polaron—zn* transition from 629.7 (1.96 eV) to 613 nm (2.0 V) were observed due to
the increase in the @ conjugation in the PANI/Ce(NO3)s/MWCNTSs backbone [Zengin et al., 2002]. With 5 and 7
wt% MWCNT incorporation into PANI/Ce(NO3); matrix blue shifts the absorption peak of the n—n* transition to
326 and 329 nm, respectively. Such a hypsochromic shift of the 7—n* band in PANI/Ce(NO3)s/MWCNTSs compared
to PANI has been reported in the literature [Gopalan et al., 2007; He et al., 2001], and it has been suggested to be
due to the site-selective interaction between the quinoid ring of the PANI and MWCNTSs [Jeevananda et al., 2008].
When PANI coats over the MWCNTs, the interfacial interaction between the two causes the m—n* transition to shift
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to a lower wavelength [Yang et al., 2010]. But at the same time, the absorption peak due to the polaron/bipolaron
transition was red shifted in PANI/Ce(NOj3); to 639 (1.94 eV) and 640 nm (1.93 eV) with 5 and 7 wt% MWCNT,
respectively, compared to that of neat PANI. This red shift in peak may be assigned to the site selective interaction
between MWCNT and quinoid ring structure of ES, facilitating charge transfer.
3.4. Powder XRD analysis

The powder XRD patterns of neat PANI, PANI doped with 5 wt% Ce(NOs3); and PANI/5 wt% Ce(NO3);
with different wt% (1, 3, 5 and 7 wt%) MWCNTSs are depicted in Fig. 4. The PANI/Ce(NO3)s/MWCNTSs
nanocomposites show different XRD patterns with a broad scattering at 20 values between 10° and 30°. PANI
exhibits XRD pattern corresponding to 20 = 16°, 18° and 25° [Cochet et al., 2001] indicates the amorphous state of
PANI. As the cerium was incorporated in the polymer matrix, sharpened distinct peak of XRD pattern was found,
which inferred the development of crystallinity in the nanocomposites. When the wt% of MWCNTSs was increased
(3, 5 and 7 wt%) then the increased intensities of the nanocomposites were also observed which clearly explain the
crystalline nature of the composites.
3.5. Surface morphological analysis

The formation mechanism of PANI/Ce(NO3);/MWCNTSs nanocomposites was believed to involve
electrostatic interaction between PANI and MWCNTSs. The surface morphology of pure PANI, PANI/5 wt%
Ce(NOs); and PANI/5 wt% Ce(NO3)s/1-7 wt% MWCNTSs nanocomposites was analyzed from SEM micrographs,
as presented in Fig. 5. As shown in figure, the pure PANI morphology is coalesced, making the surface rough with
no uniformity. Due to doping of Ce(NOs)s, a secondary phase is present and it is highlighted by arrows having a
flaky morphology occurring in the matrix is with brighter contrast. This phase is more visible in the 5 wt%
Ce(NOs)s/PANI composite. The structure is relatively more homogeneous and the interaction between the particles
and the matrix is stronger. Micro-structural differences seen in PANI and its nanocomposites with respect to particle
structures and secondary phase are expected to affect their absorption, emission and electrochemical behavior.
However the morphology of PANI film has been changed by the introduction of MWCNT as shown in Fig. 5 (d-f).
The well-dispersed MWCNT fibers may serve as condensation nuclei during the growth process of PANI and
therefore they were coated with a considerable amount PANI to form such a fiber materials which may give rise to
conductive pass ways. The sorption of the aniline monomer onto MWCNTSs is possible because of its high surface
area [Cochet et al., 2001; Jeevananda et al., 2008], and the sorbed monomer then polymerizes on MWCNT to form
PANI-coated MWCNTSs. The PANI/5 wt% Ce(NO3)s/MWCNTS phase formed a core-shell structure with an average
diameter in the range of 100-240 nm, much larger than that of MWCNT whose diameter was about 50 nm. The
SEM micrographs also clearly reveal the wrapping by PANI onto the MWCNT template, and show a significant
increase in the diameter of the MWCNTSs after composite formation. As the weight percentage of MWCNT was
increased by 1, 5 and 7 wt%, which is indicative of the thickness of PANI layer coated on the MWCNTS. These
micro-structural variations also impose a profound influence on the resulting capacitive behavior of the PANI/5 wt%
Ce(NOs)s/MWCNTs nanocomposites. This is because, MWCNTS are relatively good electron acceptors while PANI
may be considered to be a good electron donor [Ghatak et al., 2010]. This can facilitate the 7—r* interaction between
the surface of MWCNT and the quinonoid rings of polyaniline, and this helps the MWCNT configure into a three
dimensional network structure which is very conductive to escalate the chance of interaction between the PANI and
the electrolyte, which can increase more active sites of the composite films for faradaic reaction and larger SC than
pure PANI film. As seen in Fig. 6, cerium ion is present in the EDX plot, which is an indication for successful
incorporation of metal oxide in the nanocomposites structure.
3.6. Photoluminescence spectral analysis

The luminescent properties of pristine PANI and PANI/5 wt% Ce(NO3)s/MWCNTS nanocomposites are
shown in Fig. 7. The photoluminescence spectrum of PANI shows a peak at 465 nm and the intensity has increased
enormously in blue region of visible spectrum, due to the formation of more density of states in the energy band
upon the addition of cerium. The electronic configuration of cerium (Z= 58) is [Xenon] 4f* 5d° 6s with 2F; its
ground state. When cerium is doped into a PANI its ground state splits into 2Fs, and 2F, sub-levels and its excited
state splits into five components. The inner orbit 4f is shielded from the ligand field by the closed 5s and 5p orbital
so it is less affected by the ligand field. However, the excited state orbital 5d is close to the outer field, so it interacts
strongly with the outer field. As a result of which the 4f—4f transition is narrow when compared to 5d—4f transition
[Ghatak et al., 2010]. Since the separation between 4f and 5d energy level is large, 5d to 4f transition will be radio-
active. Hence peaks at 463 and 473 nm are ascribed due to lowest level of 5d to ground sublevels i.e. 5d — 2F, and
2F5;,. Therefore the emission most probably comes from the lowest 5d to 4f levels of Ce®" ion. This is the electric
dipole allowed transition and gives strong emission in blue region. Because of the combination of electron donating
groups such as NH in PANI, and semiconducting cerium, the electron mobility is enhanced in the nanocomposites.
This favors the formation for singlet exciton, which decays radiatively to the ground state resulting in enhanced
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PL. The emission maxima of PANI/5 wt% Ce(NO3)s/MWCNTSs were at around 470-476 nm. The peak intensity of
1, 3 and 5 wt% MWCNT doped with PANI/5 wt% Ce(NOz); nanocomposites was higher than that of PANI and this
behavior was quite contradictory in the presence of MWCNT because MWCNTS are strong excimer quenchers and
light absorbers [Battcharya et al., 2013]; if MWCNTSs/PANI were physically aggregated by intermolecular
interactions in the solid state and if they are segregated in solution, the emission intensity of PANI/5 wt%
Ce(NO3)s/MWCNTSs would be much weaker. However the relatively higher peak intensity implied that PANI was
uniformly covered onto the surface of MWCNT in such a way that the PANI/5 wt% Ce(NO3)s/MWCNTS excimer
quenching by MWCNT was shielded by a PANI coat, and this was clearly evident from the increase in the thickness
of the MWCNT obtained from the SEM images.
3.7. TGA analysis

The thermal behaviors of the synthesized nanocomposites neat PANI, PANI/5 wt% Ce(NO3); and PANI/
5 wt% Ce(NOs)s with different wt% of MWCNTSs (1-7 wt%) were analyzed by thermogravimetric analysis at
nitrogen atmosphere, and the plot of percentage weight loss as a function of temperature is shown in Fig. 8. Thermal
stability of the nanocomposites is needed for its applications in the supercapacitors as electrode materials. In the
TGA analysis, all the nanocomposites found similar behavior, but different thermal stabilities were obtained. On
comparing, 5 wt% Ce(NOj3); doped PANI with 7 wt % MWCNTs was thermally more stable electrode material
among all the nanocomposites, because of the highest wt% of MWCNTSs [Nayak et al., 2011]. The TGA analysis
was conducted from 30-800 °C. The thermal degradation was commenced from 100-150 °C, which was the
elimination of H,O molecules in the nanocomposites. Upto 340 °C no significant residual weight loss was observed,
and after 340 °C one of the dopant (C1) was removed. From 350-600 °C, there was a noticeable weight loss for all
the nanocomposites where the breaking of carbon skeleton was found, and at 600 °C it reached to be maxima. After
600 °C a constant line was shows by all the nanocomposites [Reisfeld et al., 1998]. The increased stability of the
PANI/5 wt% Ce(NO3)s/MWCNTs nanocomposites over that of MWCNTS/PANI is likely to be results of strong
coordination among all the constituents. From the analysis, it was concluded that these nanocomposites were
thermally more stable, encouraging and suitable electrode materials for supercapacitor applications.
3.8. Electrochemical properties

Electrochemical characterization of the synthesized nanocomposites was carried out to explore their
potential application as active material for supercapacitor electrodes. The cyclic voltammogram for the PANI/5 wt%
Ce(NO,)s/MWCNTSs nanocomposite electrode at scan rate of 5 mV/s (Fig. 9). Peaks of C1/Al are ascribed to the
redox transition of PANI from a semiconducting state (leuco-emeraldine form) to a conducting state (emeraldine
form) and Faradaic transformation from emeraldine to pernigraniline is responsible for peaks of C2/A2 [Choi et al.,
2011; Fusalba et al., 2001; Rudge et al., 1994]. The increase in the redox species encourages strong interaction
between the aromatic structures of MWCNT and ES, and favors the uncoiling of PANI chains. In this uncoiled
conformation, the probability of moieties exposed for oxidation is more leading to higher Faradaic current. The
specific capacitance of 900 Fg" is recorded maximum for 5 wt% Ce(NOs)s/PANI composite with 7 wt% MWCNT,
compared to that of neat PANI which is 210 Fg™' and 350, 564 and 740 Fg ' for 1, 3 and 5 wt% of MWCNTS,
respectively. The superior specific capacitance is attributed to the strong interaction of large bonded surface of
MWCNTSs with the conjugated structure of PANI via n-n stacking, and thus the highly conjugated system has
promoted the degree of electron delocalization and preferential protonation of the amine nitrogen atoms [Huang et
al., 2003; Wang et al., 2006].

PANI

Scheme 1: A proposed mechanism of PANI/S wt% Ce(NO5);/MWCNTs nanocomposite formation 814
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Figure 1: FT-IR spectra of nanocomposites neat PANI (a), PANI/5 wt% Ce(NOs); (b), PANI/5 wt% Ce(NOs3)s/
1 wt% MWCNTS (c), PANI/5 wt% Ce(NO3)s/3 wt% MWCNTS (d), PANI/S wt% Ce(NO3)s/5 wt% MWCNTS (e)
and PANI/5 wt% Ce(NOs3)a/7 wt% MWCNTS nanocomposites (f)

T T
4000 3500

W
5 1372 )
: ]
7)) \//—\/_,/\_/\/\
=
=
= 1368
o W
@
.Z il
~—
= 1171 1353 200 1591
P
=4 a
. , .
1000 1500 2000

Raman Shift Cm'1

Figure 2: Raman spectra of pure PANI (a), PANI/5 wt% Ce(NOs3)a/3—-7 wt% MWCNTS (b—d) nanocomposites
815



ISSN 2320-5407

International Journal of Advanced Research (2015), Volume 3, Issue 3, 810-822

354

Absorbance

PANI
PANI+3wt%(CeNO,)y

PANI+ 5\»\:‘("4'!((‘1‘N(),)J

1wt% CNT+ PANI+5wt%(CeNO,) 5
3wt% CNT+PANIL+5wt%(CeNO,)5
Swt% CNT+ PANI+Swt?%(CeNO,)y

Twt% (’NT+PANI+5wl"v'n((’ei\10‘)3

200 400

T T S
600 800

T .
1000 1200

Wavelength nm

Figure 3: Absorption spectra of pure PANI, PANI/5 wt% Ce(NOs); and PANI/5 wt% Ce(NO3)s/MWCNTSs

nanocomposites

Indensity (a.u)

Neat PANI

3% MWCNT/Ce/PANI
5% MWCNT/Ce/PANI
7% MWCNT/Ce/PANI

10 20

30

40

50 60

20 (degree)

70

Figure 4: Powder XRD patterns of pure PANI and PANI/5 wt% Ce(NO3)3/3—7 wt% MWCNTS nanocomposites

816



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 810-822

Element | App Intensity | Weight% | Weight%o | Atomic%
Conc. | Corrn. Sigma
CK 1.98 1.4134 67.12 3.24 73.44
OK 0.29 |[0.4365 32.26 2.99 26.50
: CoPte X Cel 0.01 |[0.7676 0.63 2.16 0.06
L 400pm * Electron Image 1
Totals 100.00

0 2 6 8
Full Scale 1589 cts Cursor: 0.000

Figure 6: EDX analysis plot of PANI and PANI/5 wt% Ce(NO3); composites

817



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 810-822

160
e 473 PANI

140 4 PANI+3wt% (CeNO3),
i PANI+5wt% (CeNO3)

T 1wt% CNTH+ PANIHSwt% (CeN 03)3
=3 wt% CNT+PANI+5wt% (CeNO:i)3

TS5 wit% CNT+ PANIHSwt% (CeNO3) 3

7 wit% CNTHPANI+HSwi% (CeNOl!)3

Intensity (a.u)
2
|

8 6o-
.a 1
.g
= 40-
= A
204
0 I L

300 400 500 600 700 800 900 1000 1100 1200
Wavelength nm

Figure 7: The photoluminescence spectra of pristine PANI, PANI/Ce(NOs3); and PANI/Ce(NO3)s/MWCNTS
nanocomposites

105 4

90 -

754

604 — Neat PANI

Weight loss (%)

—— PANI/5 wt% Ce(NO,),/3 wt% MWCNT
459 —— PANI/5 Wt% Ce(NO,),/5 wi% MWCNT
30— PANIS W% Ce(NO,)y/7 wiso MWCNT

L] L] L] L] L] L] L]
100 200 300 400 500 600 700
Temperature (°C)

Figure 8: TGA analysis of neat PANI and PANI/5 wt% Ce(NO3)3/3-7 wt% MWCNTS nanocomposites

818



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 810-822

PANI
1.00 = — PANI+5wt% (CeNO3) 5

4 7 1wt% CNT + PANI+5wi%o (Cd’~103)3
— 3 witth CNT+ PANI+5“’(‘36(CQN03)3
0.75

— Switlo CNT+PANI+Swtla (CQNO:‘)3

7 witts CNT+ PAN'I+5wNn(CeN03)3 . —— 2

Current density X 10° Alg

| | | |
-0.2 0.0 0.2 0.4 0.6 0.8 1.0

Potential /V (Vs Ag/AgCl)

Figure 9: Cyclic voltammograms of pure PANI, PANI/5 wt% Ce(NOsz); and PANI/5 wt% Ce(NO3)s/MWCNTSs
nanocomposite electrodes at scan rate of 5 mV/s

4. Conclusion

Polymerization of aniline in the presence of MWCNTs leads to the growth of a PANI/5 wt%
Ce(NO3)s/MWCNTs nanocomposites. This is composed of a pure PANI/5 wt% Ce(NOjz); matrix and of PANI/5
wt% Ce(NOs3); coated MWCNTs. MWCNT coated with PANI/5 wt% Ce(NOs); layers have adopted a more planar
conformation of PANI/5 wt% Ce(NO3)s, thus optimizing the interaction between the PANI/5 wt% Ce(NOs3); and the
MWCNTSs. Furthermore, SEM images show the PANI/5 wt% Ce(NO3); coated MWCNTSs formed aligned bundles,
which was randomly distributed, thus resulting in a three dimensional network throughout the PANI/Ce(NO3);
matrix. The specific capacitance of the nanocomposites attained a highest value of 900 Fg* with 7 wt% MWCNT
doping in PANI/5 wt% Ce(NOs)s. It is highly remarkable that the luminescent behavior of the PANI/Ce(NO3),/
MWCNTs composite is not affected by the presence of MWCNTSs. the synergic effect between MWCNT and
PANI/5 wt% Ce(NOs); enhanced the specific capacitance of the nanocomposites. The PANI/5 wt% Ce(NO3)3
nanocomposites with high specific capacitance and PL emission are of great relevance for future technological
applications for supercapacitors and improved active components in opto-electronic devices.

Acknowledgements

The authors express their sincere thanks to the Principal and Head of the Department of Chemistry,
Presidency College, Chennai, for providing necessary research facilities, and also wish to acknowledge the help of
Dr. M. Alagar and Dr. M. Mandhakini, Department of Chemical Engineering, Anna University, Chennai.

819



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 810-822

Abbreviations

PANI - polyaniline

MWCNT - multiwalled carbon nanotubes
PL - photoluminescence

FT-IR - fourier transform-infrared
FE-SEM - field emission scanning electron microscopy
UV-Vis - ultraviolet-visible

NMP - N-methyl-2-pyrrolidone

Ccv - cyclic voltammetry

GC - glassy carbon

APS - ammonium persulfate

XRD - X-ray diffraction

TGA - thermogravimetric analysis
wt - weight
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