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In this article, we reported microwave assisted processing of vanadium
oxide-polyaniline nanocomposite (PANI/V,0s). Firstly, polyaniline
(PANI) is synthesized by oxidative polymerization method and vanadium
pentoxide nanoparticles. In the second step, intercalation of PANI in
V,0s framework are carried out in the microwave at 80 °C for 30 min
in Teflon crucibles. The XRD exhibited a set of well-defined peak
support the crystal nature of nanocomposites. FTIR studies of the
composite supported the intercalation of PANI with V,Os. The peaks
obtained by cyclic voltammetry shows marginal separation between
anodic peaks at 3.6 and 3.7 V for polyaniline and shifted to the higher
potential for PANI/V,Os nanocomposite. Also, the electrical conductivity
is found to be 10° S cm™ for PANI and higher electrical conductivity,
10* S cm™ for nanocomposites.
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INTRODUCTION

The amalgamation of conducting nanoparticles and cond-
ucting polymers is a novel area of research [1]. Due to unusual
properties such as tunability, electrical conductivity, decent
eco-friendly steadiness, efc. make this nanocomposites as the
prospective entrant for the extensive assortment of solicitations
such as gas sensors [2], light emitting diodes (LEDs) [3], photo-
voltaic devices [4], corrosion inhibitors [5], storage devices
[4], etc. By modifying the morphology of nanostructures their
new set physico-chemical properties can be developed. In this
lieu, many prominent researchers tried to synthesis one dimen-
sional (1-D) nanostructure of conducting polymers [6]. One
dimensional (1-D) nanostructure of conducting polymers a
unique advantage for field emission practical applications due
to high aspect ratio [8]. Several scientific groups [7-11] have
carried out field emission investigation of various conducting
polymers and nanocomposites. Among other conducting
polymers, polyaniline (PANI) has been extensively used in
the energy storage and conversion devices due to high specific
capacitance, processability and cost-effectiveness [ 12]. It alone
can be used in fabricating an electrode. However, the unstable
nature of PANI restricts its application. Polyaniline nano-
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composites can be used in super capacitors, sensing platforms,
fuel cells, electrochemical devices, solar cells, lithium-ion
batteries, etc. [13]. Polyaniline nanofibril synthesized and its
field emission investigation is reported and observed threshold
field of 5-6 V/um corresponding to emission current density
of 0.01 mA/cm?* by Wang et al. [7].

Kim and his co-workers [8,9] reported electrical conduc-
tivity studies of nanowire and nanotubes of doped and de-doped
PANI, polypyrrole, efc. Electrochemical properties of carbon
nanotube-polyaniline composites have been reported by many
researchers [13]. It has been perceiving that the functionality
of the conducting polymers nanocomposites also improve their
emission characteristics. In this perspective, Rakhi et al. [13]
and Nair et al. [ 14] have investigated the electrochemical prop-
erties studies of different conducting polymers. Patil et al. [15]
reported the field emission investigation of CdS-PANI nano-
composites.

V,0s in arrears to its small band gap of 2.6 eV make it
more convincing promise with stately photoemission and optical
properties [16]. If we doped V,Os with conducting materials
which effectively increase electrons density give rise to change
in fermi energy from the top of the valence band to the bottom
the conduction band. The band gap was almost identical to the
bulk structure band gap with a value of 1.66 eV [17]. Optical
properties of this oxide is reported by Sieradzka et al. [18].
The V,0s nanowires show morphology dependent optical prop-
erties and conductivity measurements display a minor turn-
on field voltage ~8.3 V/um at 1.8 mA/cm?* [19]. V,0s-nH,O
nanotube array a novel material for energy storage reported
by Zhou et al. [20]. Due to the structure stability amalgam of
inorganic semiconductors-conducting polymers and favour-
able low bandgap make these materials as promising candidates
for diversified applications in vacuum microelectronics [21],
biosensors [22], photovoltaic and light emitting diodes [23].

Present main aim focused on simple synthesis and charact-
erization of V,0s nanotubes and vanadium oxide-polyaniline
nanocomposite (PANI/V,0s) nanocomposite by microwave
assisted chemical synthesis. This method of synthesis is fast,
simple and eco-friendly in which microwave radiation was
employed as a heating source for nanoparticle synthesizing.
Compare to the conventional method of synthesis, microwaves
directly react to the material by means of numerous possible
mechanisms and the chemical react quickly [24]. Also, we
reported the conductivity of PANI/V,0s nanocomposite. The
obtained value is higher than the individual counterparts' i.e.
V,0s and PANI nanostructures. The results obtained are encou-
raging with excellent morphological stability and outstanding
physico-chemical properties.

EXPERIMENTAL

The precursors, aniline monomer, acetic acid, ammonium
persulphate, ammonium metavanadate and nitric acid were
procured from Sigma Aldrich (Merck) and used as received.

Synthesis of PANI: The polyaniline was synthesized by
the oxidative polymerization method. Ammonium persulphate
(0.2 M) was slowly added in the homogenous mixture of 0.1 M
aniline monomer and 0.5 M acetic acid. The reaction proceeds
with constant stirring for 5 minutes by the appearance of dark

brown colour which turn green and finally into dark green. The
mixture was kept undisturbed for next 24 h followed by filtration
and washing 2 to 3 times with distilled water and ethanol and
drying in the air by using IR lamp [25-27].

Synthesis of V,0s hollow nanotubes: Vanadium oxide
hollow nanotubes were synthesized by using 0.1 M solution
of ammonium metavanadate mixed in 0.1 M nitric acid with
constant stirring for 0.5 h in the acidic medium. The solution
appears to dark red colour. The solution was kept at rest for 45
min to form the precipitate. The precipitate was collected and
repeatedly washed by double distilled water. The precipitate
was then taken into Teflon crucible and placed microwave oven
for 30 min. After that the product is kept in the muffle furnace
at 200 °C for 2 h for drying [28-30].

Synthesis of PANI/V,0s Nanocomposite: Polyaniline-
vanadium oxide nanocomposite was synthesized by mixing
synthesized PANI powder with a small amount of vanadium
oxide nanotubes. The amalgam is then placed in a microwave
oven for 30 min at 80 °C. After that the product was kept undis-
turbed for the next 24 h. The procedure further proceeds with
filtration, washing serval times with double distilled water and
ethanol and drying by IR lamp [31-35].

RESULTS AND DISCUSSION

The characterization of synthesized materials is conducted
at UGC-DAE Consortium for Scientific Research, Indore,
India. X-ray diffraction scattering (XRD) study is carried out
by using Bruker D8 Advance XRD diffractometer. This diffracto-
meter is equipped with a sealed tube of Cu-Ko. X-ray source.
Scanning electron microscopy (SEM) images were captured
using F model-JEOL JSM 5600. Cyclic voltammetry study is
carried on CH Instruments (USA), CHI620D DAVY, Indore.
FTIR study is also carried out to reveal the presence of PANI.
The growth of nanocomposite and their morphology is revealed
by SEM (Fig. 1). The aggregation PANI Nanoparticle of 5-10
nm in size over 1-D hollow nanotubes of V,Os of a micron in
length.

Fig. 1. SEM imag of PANI/ V,0s nanocomposite

A set of well-defined peaks observed which is in good
agreement for the crystallinity of PANI/V,0s nanocomposite.
The diffraction peaks (Fig. 2) observed at 20 values 34.9°, 39.3°,
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Fig. 2. XRD peaks of V,0s-PANI nanocomposite

47.4°,62.3° and 72.4° are indexed to (134), (685), (205), (735),
(248), and (101) planes of crystalline V,Os phase, respectively.

Apparently, a change in cyclic voltammogram (Fig. 3) is
observed indicating there is no change in the structure of Bayer
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Fig. 3. Cyclic voltammetry curve of PANI/V,0s nanocomposite
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V,0s and the remarkable shift is observed when the inter-
calation of PANI in the framework of V,Os is taken place. The
electrical conductivity is found to be 10 S cm™ for PANI which
get enhance for PANI/V,0s nanocomposite. Tupper peak at
4.13 V indicates oxidation of V** to V™.

The characteristics bands at 1617, 1597, 1492, 1311, 1279,
1173-1131 cm™ are assigned as the characteristics bands of
PANI in turn also confirming the presence of PANI within the
composite. The corresponding bands of V,Os have been obtained
in the region 1000-500 cm™ (Fig. 4). There are some small
shifts in the band positions in the as-synthesized PANI/V,0s
composite with that from PANI and V,0Os individually, indicating
some interaction between PANI and V,0s in the composite.

Conclusion

The PANI nanoparticle is successfully synthesized by the
oxidative polymerization method. Also, we carried out the
successful microwave-assisted synthesis of vanadium oxide-
polyaniline nanocomposite (PANI/V,0s) at 80 °C. The XRD
peaks are in good agreement of the crystallinity of nanocomp-
osites. Electrode reaction reversibility gets enhanced for nano-
composites which is supported by the obtained cyclic volta-
mmogram. The results support that the synthesized material
is the promising material for various application in the field of
energy storage.

ACKNOWLEDGEMENTS

The authors are thankful to SVKM's, NMIMS (Deemed
to be University) for providing research facilities and financial
assistance. Thanks are also due to UGC-DAE Consortium for
Scientific Research, Indore, India for their support in the charac-
terization of the synthesized materials.

REFERENCES

1. R. Gangopadhyay and A. De, Conducting Polymer Nanocomposites:
A Brief Overview, Chem. Mater., 12, 608 (2000);
https://doi.org/10.1021/cm990537f.

Polyaniline (PANI)

A

ELRY \

A ..-Il L |rIIl Il|II

8 I r| -1 i

g @ - ]

£ I | TR

: | I i | |
T ¥

2000 1 8.00 . 1600 1 4.00 1 200_

Wavenumber (cm™)

500

Fig. 4. FTIR graph of PANI/V,0s and PANI



Asian Journal of Materials Chemistry 17

S.S. Jeon, H.H. An, C.S. Yoon and S.S. Im, Synthesis of Ultra-Thin
Polypyrrole Nanosheets for Chemical Sensor Applications, Polymer,
52, 652 (2011);

https://doi.org/10.1016/j.polymer.2010.12.021.

W. Kim, A.J. Makinen, N. Nikolov, R. Shashidhar, H. Kim and Z.H.
Kafafi, Molecular Organic Light-Emitting Diodes Using Highly
Conducting Polymers as Anodes, Appl. Phys. Lett., 80, 3844 (2002);
https://doi.org/10.1063/1.1480100.

C.-Y. Kuo, M.-S. Su, G.-Y. Chen, C.-S. Ku, H.-Y. Lee and K.-H. Wei,
Annealing Treatment Improves the Morphology and Performance of
Photovoltaic Devices Prepared from Thieno[3,4-c]pyrrole-4,6-dione-
based Donor/Acceptor Conjugated Polymers and CdSe Nanostructures.
Energy Environ. Sci., 4, 2316 (2011);
https://doi.org/10.1039/c1ee01283e.

J. Fang, K. Xu, L. Zhu, Z. Zhou and H. Tang, A Study on Mechanism
of Corrosion Protection of Polyaniline Coating and its Failure, Corros.
Sci., 49, 4232 (2007);

https://doi.org/10.1016/j.corsci.2007.05.017.

1. Musa, D.A.I. Munindrasdasa, G.A.J. Amaratunga and W. Eccleston,
Ultra-Low-Threshold Field Emission from Conjugated Polymers,
Nature, 395, 362 (1998);

https://doi.org/10.1038/26444.

C.W. Wang, Z. Wang, M.K. Li and H.L. Li, Well-Aligned Polyaniline
Nano-Fibril Array Membrane and its Field Emission Property, Chem.
Phys. Lett., 341, 431 (2001);
https://doi.org/10.1016/S0009-2614(01)00509-7.

B.H. Kim, M.S. Kim, K.T. Park, J.K. Lee, D.H. Park, J. Joo, S.G. Yu and
S.H. Lee, Characteristics and Field Emission of Conducting Poly (3,4-
ethylenedioxythiophene) Nanowires, Appl. Phys. Lett., 83, 539 (2003);
https://doi.org/10.1063/1.1592004.

B.H. Kim, D.H. Park, J. Joo, S.G. Yu and S.H. Lee, Synthesis,
Characteristics and Field Emission of Doped and De-Doped Polypyrrole,
Polyaniline, Poly(3,4-ethylenedioxythiophene) Nanotubes and Nanowires,
Synth. Met., 150, 279 (2005);
https://doi.org/10.1016/j.synthmet.2005.02.012.

H. Yan, L. Zhang, J. Shen, Z. Chen, G. Shi and B. Zhang, Synthesis,
Property and Field-Emission Behaviour of Amorphous Polypyrrole
Nanowires, Nanotechnology, 17, 3446 (2006);
https://doi.org/10.1088/0957-4484/17/14/017.

R.B. Rakhi, K. Sethupathi and S. Ramaprabhu, Electron Field Emission
Properties of Conducting Polymer Coated Multi-Walled Carbon
Nanotubes, Appl. Surf. Sci., 254, 6770 (2008);
https://doi.org/10.1016/j.apsusc.2008.04.094.

H. Wang, J. Lin and Z.X. Shen, Polyaniline (PANi) Based Electrode
Materials for Energy Storage and Conversion, J. Sci. Adv. Mater. Devices,
1, 225 (2016);

https://doi.org/10.1016/j.jsamd.2016.08.001.

R.B. Rakhi, K. Sethupathi and S. Ramaprabhu, Electron Field Emitters
Based on Multi-Walled Carbon Nanotubes Coated with Conducting
Polymer/Metal/Metal-Oxide Composites, J. Exp. Nanosci., 4, 67 (2009);
https://doi.org/10.1080/17458080802610868.

R. Nair, B. Premlal, A. Das and A.K. Sood, Enhanced Field Emission
from Carbon Nanotube-Conducting Polymer Composites with Low
Loading, Solid State Commun., 149, 150 (2009);
https://doi.org/10.1016/j.ss¢.2008.10.034.

S.S. Patil, K.V. Harpale, A.D. Shinde, R.T. Khare, PM. Koinkar and
M.A. More, Facile Synthesis of Cadmium Sulphide-Polyaniline (CdS-
PANI) Nanocomposite and Its Field Emission Investigations, J. Polym.
Res., 22, 113 (2015);

https://doi.org/10.1007/s10965-015-0746-y.

D.W. Bullett, The Energy Band Structure of V,Os: A Simpler Theoretical
Approach, J. Phys. C Solid State Phys., 13, L595 (1980);
https://doi.org/10.1088/0022-3719/13/23/006.

X. Gonze, B. Amadon, P.-M. Anglade, J.-M. Beuken, F. Bottin, P.
Boulanger, F. Bruneval, D. Caliste, R. Caracas, M. Coté, T. Deutsch,
L. Genovese, P. Ghosez, M. Giantomassi, S. Goedecker, D.R. Hamann,
P. Hermet, F. Jollet, G. Jomard, S. Leroux, M. Mancini, S. Mazevet,
M.I.T. Oliveira, G. Onida, Y. Pouillon, T. Rangel, G.-M. Rignanese, D.
Sangalli, R. Shaltaf, M. Torrent, M.J. Verstraete, G. Zerah and J.W.
Zwanziger, ABINIT: First-Principles Approach to Material and
Nanosystem Properties, Comput. Phys. Commun., 180, 2582 (2009);
https://doi.org/10.1016/j.cpc.2009.07.007.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

K. Sieradzka, D. Wojcieszak, D. Kaczmarek and T. Berlicki, International
Students and Young Scientists Workshop, pp. 73-74 (2010).
Ming-Cheng and Wu Chi-Shen Le, Field Emission of Vertically Aligned
V,0s Nanowires on an ITO Surface Prepared with Gaseous Transport,
J. Solid State Chem., 182, 2285 (2009);
https://doi.org/10.1016/].jssc.2009.05.042.

C. Zhou, L. Mai, Y. Liu, Y. Qi, Y. Dai and W. Chen, Synthesis and Field
Emission Property of V>Os-nH,O Nanotube Arrays, J. Phys. Chem. C,
111, 8202 (2007);

https://doi.org/10.1021/jp0722509.

FK. Butt, C. Cao, F. Idrees, M. Tahir, R. Hussain and A.Z. Alshemary,
Fabrication of V,Os Super Long Nanobelts: Optical, in situ Electrical
and Field Emission Properties, New J. Chem., 39, 5197 (2015);
https://doi.org/10.1039/C5NJ00614G.

T. Sen, S. Mishra and N.G. Shimpi, Synthesis and Sensing Applications
of Polyaniline Nanocomposites: A Review, RSC Adv., 6, 42196 (2016);
https://doi.org/10.1039/C6RA03049A.

F. Huguenin, M. Ferreira, V. Zucolotto, F.C. Nart, R.M. Torresi and
O.N. Oliveira, Molecular-Level Manipulation of V,0s/Polyaniline Layer-
by-Layer Films to Control Electrochromogenic and Electrochemical
Properties, J. Chem. Mater., 16, 2293 (2004);
https://doi.org/10.1021/cm035171s.

M. Gotic, S. Popovic, M. Ivanda and S. Music, Sol-Gel Synthesis and
Characterization of V,Os Powders, Mater. Lett., 57, 3186 (2003);
https://doi.org/10.1016/S0167-577X(03)00022-3.

N.Y. Abu-Thabit, Chemical Oxidative Polymerization of Polyaniline:
A Practical Approach for Preparation of Smart Conductive Textiles, J.
Chem. Educ., 93, 1606 (2016);
https://doi.org/10.1021/acs.jchemed.6b00060.

S.S. Patil, S.P. Koiry, D.K. Aswal, PM. Koinkar, R. Murakami and
M.A. More, Promising Field Emission Characteristics of Polyaniline
Nanotubes, J. Electrochem. Soc., 158, E63 (2011);
https://doi.org/10.1149/1.3582525.

A.A. Syed and M.K. Dinesan, Polyaniline-A Novel Polymeric Material,
Talanta, 38, 815 (1991);
https://doi.org/10.1016/0039-9140(91)80261-W.

J. Pan, M. Li, Y. Luo, H. Wu, L. Zhong, Q. Wang and G. Li, Microwave-
Assisted Hydrothermal Synthesis of V,0s Nanorods Assemblies with
an Improved Li-Ion Batteries Performance, Mater. Res. Bull., 74, 90
(2016);

https://doi.org/10.1016/j.materresbull.2015.10.020.

B. Li, Y. Xu, G. Rong, M. Jing and Y. Xie, Vanadium Pentoxide
Nanobelts and Nanorolls: From Controllable Synthesis to Investigation
of their Electrochemical Properties and Photocatalytic Activities,
Nanotechnology, 17, 2560 (2006);
https://doi.org/10.1088/0957-4484/17/10/020.

S. Nalini, B. Selvakumar and P. Periasamy, Simple Synthesis and
Characterization of V,0s Nanoparticles by Microwave Assisted Wet
Chemical Method, Int. J. Eng. Manufact. Sci., 7, 411 (2017).

M.A. Jagtap, M.V. Kulkarni, S.K. Apte, S.D. Naik and B.B. Kale,
Microwave-Assisted Hydrothermal Synthesis and Characterization o
Tremella-Like Polyaniline-Vanadium Oxide Nanocomposite Nanosheets,
Mater. Sci. Eng. B, 168, 199 (2010);
https://doi.org/10.1016/j.mseb.2010.01.016.

M. Krishna and S. Komarneni, Conventional vs. Microwave-Hydrothermal
Synthesis of Tin Oxide, SnO, Nanoparticles, Ceram. Int., 35,3375 (2009);
https://doi.org/10.1016/j.ceramint.2009.06.010.

G.-T. Pan, M.-H. Lai, R.-C. Juang, T.-W. Chung and T.C.-K. Yang,
Preparation of Visible-Light-Driven Silver Vanadates by a Microwave-
Assisted Hydrothermal Method for the Photodegradation of Volatile
Organic Vapors, Ind. Eng. Chem. Res., 50, 2807 (2011);
https://doi.org/10.1021/ie1012932.

P. Ragupathy, H.N. Vasan, N. Munichandraiah and N. Vasanthacharya,
Proceedings of SPIE, 8035 (Energy Harvesting and Storage: Materials,
Devices and Applications II), 803501/1-803501/11 (2011).

T. Thongtem, C. Pilapong, J. Kavinchan, A. Phuruangrat and S. Thongtem,
Microwave-Assisted Hydrothermal Synthesis of Bi,S; Nanorods in
Flower-Shaped Bundles, J. Alloys Compd., 500, 195 (2010);
https://doi.org/10.1016/j.jallcom.2010.03.240.



https://doi.org/10.1016/S0009-2614(01)00509-7
https://doi.org/10.1016/S0167-577X(03)00022-3
https://doi.org/10.1016/0039-9140(91)80261-W

