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Abstract: One dimensional Tetraaniline nanorods have been synthesized by interfacial polymerization method using N-phenyl-1, 4phenylediamine as monomer (NPPD), ammonium persulphate (APS) as an oxidant in toluene/water biphasic medium. As synthesized
Tetraaniline nanostructures have been characterized by a range of spectroscopic as well as microscopic techniques such as UV-Visible,
FTIR, XRD and SEM. The spectroscopic results indicated that formation of Tetraaniline nanostructures. The SEM images clearly reveals
the morphology of as prepared Tetraaniline were critically depends on molar ratios of monomer to oxidant.
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1. Introduction
Since the discovery of intrinsic conducting polymers (ICPs)
significant efforts have been carried out on conducting
polymers. Among the all ICPs, Polyaniline (PANI), its
derivatives and oligomers have attracted attention due to their
unique electro-chemical, redox properties, environmental
stability [1-3] and their technological applications such as
batteries [4], electromagnetic shielding devices [5],
anticorrosion coatings [6] and sensors [7]. PANI can be
synthesized through oxidative polymerizaiton [8], emulsion
[9], inverse emulsion polymerization [10], self-assembly
methods [11]. Recent past, PANI nanostructures such as
nanorods, nanofibers, nanoflowers and nanorods etc. have
been extensively investigated for so many applications such as
sensors in chemical and biological sectors [12-13] due to their
low dimensionality and high surface to volume ratios. PANI
Nanostructues have been synthesized by various approaches
such as soft, hard templates [14, 15], interfacial
polymerization [16], electrochemical polymerization [17],
electro-spinning [18] methods. However it is very difficult to
remove the soft and hard templates in template assisted
synthesis of PANI nanostructures. Moreover the removal of
hard template can destroy the PANI nanostructures. More
recently, interfacial polymerization method has emerged as
potential technique for preparation of PANI nanostructures
such as rods, wires and
flowers etc.[19]. In this interfacial polymerization, the
morphology of PANI nanostructures can be tuned by the
reaction parameters such composition of organic/aqueous
phases and molar ratios of monomer to oxidant [20].
Though numerous studies on PANI nanostructures, less
attention was paid on oligomers of PANI such as Tetraaniline
(TAN), Hexaaniline and Octaaniline etc. The oligomers of
PANI have similar properties and structures and thus they
have regarded as model compounds for PANI. More recently,
TAN has emerged as a potential candidate for technological

applications due to its similar structure and unique chemical
and electrochemical properties. In this paper, we report the
synthesis of TAN nanorods using N-phenyl-1, 4phenylediamine (NPPD) as a monomer and ammonium
persulphate (APS) as an oxidizing agent in toluene and water
as the reaction medium via interfacial polymerization method.
The effect of molar ratio of NPPD to APS on morphology was
investigated.

2. Experimental
2.1. Materials
N-phenyl-1, 4-phenylediamine (NPPD) and acetone was
purchased from Aldrich and used without further purification.
Ammonium persulphate (APS), Toluene and Hydrochloric
acid (HCl) were obtained from Merck Chemicals, India and
used as received. Throughout the synthetic processes Milli-Q
water with resistance greater than 18 MΩ was used. All the
reagents were analytical grade and used without any further
purification.
2.2. Synthesis of Tetraaniline (TAN) nanorods
In typical synthesis process, 0.093 g of NPPD was dissolved
in 50 ml of toluene. 0.114 g of APS was dissolved in 50 ml of
Milli-Q water and then 5 ml of 1M HCl was added to aqueous
APS solution. Finally acidified aqueous APS solution was
added to the NPPD solution and then the reaction was allowed
to proceed at room temperature. After 30 minutes the reaction
mixture was changes into light green color at the interface of
toluene-water and gradually the entire aqueous phase was
turned into green color which indicates formation of TAN.
The reaction was further preceded for 5 hours. The aqueous
phase then filtered and washed several times periodically with
acetone, water and finally dried under vacuum at room
temperature. The similar procedure was adopted for synthesis
of TAN by varying the molar ratio of monomer to oxidant as
1: 0.125, 1: 0.25, 1: 0.5 and 1: 1.

Volume 5 Issue 7, July 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART2016118

277

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391
2.3. Characterization
The absorption spectra were obtained using a Perkin-Elmer
double beam LS-50 UV-Visible spectrophotometer. FTIR
spectra were recorded over the range of 400-4000 cm-1 with
Perkin Elmer SPECTRUM 1000 FTIR spectrophotometer.
Phase identification was carried out with powder x-ray
diffraction analysis (XRD - Siemens AXS D5005 X-ray
diffractometer with Cu-Kα radiation). Morphology of TAN
was investigated by scanning electron microscopy (SEMJEOL JSM 6610LV).

3. Results and Discussion
In the interfacial polymerization method, NPPD is completely
dissolves in toluene and forms brown color solution. When
NPPD was oxidized by APS, initiation of polymerization
occurs and forms TAN, then entire organic phase becomes
colorless and if any other monomers left in solution it remains
in original color. The exact growth mechanism of formation of
nanorods is yet to be not known but there are some reports
which suggest hypothetical growth mechanism [21, 22]. In
general formation of nanorods occurs via two ways. In the first
only nanorods were observed due to the homogeneous
nucleation of TAN. The formed nanorods acts as nucleation
sites for further reacting monomers. In the second further
polymerization proceeds, preferential growth on previously
formed nanorods by heterogeneous nucleation which results
irregular shape of TAN in micro-size. The formed TAN
nanorods at the interface of the two solutions can enters into
the aqueous phase [23] thereby avoid further polymerization
and produces only nanorods.
UV-Visible spectrum (Figure 1) of TAN shows that two
characteristic peaks were raised at 290 and 600 nm. The
former arises due to π→π * transitions, while latter are due to
the excitonic transition from benzenoid rings to the quinoid
ring [24] of TAN chain. For 1:1, 1: 0.5 and 1: 0.125 ratios the
first peak was obtained at 293 nm and for 1: 0.25 ratio the
peak was raised at 296 nm. The second peal at 600 nm was
obtained for 1:1, 1: 0.5 and 1: 0.25 ratios and 620 nm for 1:
0.125 ratios.
Figure 2 depicts the FTIR spectrum of TAN. The peak at
3458 cm-1 is attributed to N-H stretching vibration of aromatic
amine, while the peak at 3020 cm-1 is due to the aromatic CH
stretching vibration of TAN. The peak at 1595 cm-1 can be
ascribed to C=N stretching vibration in a quinoid ring. The
peaks at1493 cm-1 and 1304 cm-1 corresponds C-C stretching
vibrations in a benzenoid ring and quinonoid ring [25] while
peak at 1321 cm-1 is due to C-N stretching of benzene ring.
The peak at 832 cm-1 is attributed to out-plane blending of CH of 1-4 disubstituted aromatic rings [26]
The powder XRD patterns of TAN were presented in Figure
3. XRD pattern clearly shows the peaks at 14.6 o, 20.7 o and
27.7 o which correspond to the amorphous nature of TAN [27].
The relative phase can be indexed as (011), (020) and (200).

SEM images of TAN prepared at different molar ratios of
monomer to oxidant were shown in Figure 4. SEM images
clearly reveal that the morphology of TAN was critically
dependent on the molar ratios of monomer to oxidant. The
TAN nanorods were observed for 1:1 molar ratio of monomer
to oxidant. However fibrillar like morphology were obtained
for other molar ratios (1: 0.125, 1: 0.25 and 1: 0.5).

4. Conclusions
TAN nanorods have been successfully synthesized through
interfacial polymerization method. UV-Visible and FTIR
results confirm that successful formation of TAN. The three
characteristic peaks of XRD of TAN at 14.6 o, 20.7 o and 27.7
o
reveal the amorphous nature of TAN. SEM images of TAN
clearly indicated that the morphology of TAN is dependent on
molar ratios monomer to oxidant. TAN nanorods were for 1:1
molar ratio of monomer to oxidant.

5. Acknowledgments
Authors are gratefully acknowledged the financial support of
the University Grant commission (UGC-India), India, and also
for DST-PURSE, Andhra University for providing the
Microscopic techniques.

References
[1]
[2]

[3]

[4]
[5]

[6]
[7]

[8]

Zhang, K. and Li, Y. (2010). Electrical conductivity
enhancement of Polyaniline by refluxing. Polymers for
Advanced Technologies, 22(12): 2084–2090.
Mu, S. (2010). Nanostructured polyaniline synthesized
using interface polymerization and its redox activity in
a wide pH range. Synthetic Metals, 160(17-18): 1931–
1937.
Zhang, F., Halverson, P.A., Lunt, B., and Linford, M.R.
(2006). Wet spinning of pre-doped polyaniline into an
aqueous solution of a polyelectrolyte. Synthetic Metals,
156(14-15): 932–937.
Wu A., Venancio E.C. and MacDiarmid A.G. 2007).
Polyaniline and polypyrrole oxygen reversible
electrodes. Synthetic Metals, 157: 303-310.
Kim, B., Koncar, V. and Dufour, C. (2006).
Polyaniline-coated PET conductive yarns: Study of
electrical,
mechanical,
and
electro-mechanical
properties. Journal of Applied Polymer Science, 101(3):
1252–1256.
Tüken, T., Yazıcı, B. and Erbil, M. (2006). Zinc
modified polyaniline coating for mild Steel protection.
Materials Chemistry and Physics, 99(2-3): 459–464.
Kim, J.S., Sohn, S.O., and Huh, J.S. (2005). Fabrication
and sensing behavior of PVF2 coated-polyaniline
sensor for volatile organic compounds. Sensors and
Actuators B, 108(1-2): 409–413.
Sapurina, I. and Stejskal, J. (2008). The mechanism of
the oxidative polymerization of aniline and the
formation of supramolecular polyaniline structures.
Polymer International, 57(12): 1295–1325.

Volume 5 Issue 7, July 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART2016118

278

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391
[9]

[10]

[11]
[12]
[13]

[14]
[15]
[16]
[17]

[18]

[19]

[20]

[21]
[22]

[23]

Li, S., Gan, M., Ma, L., Yan, J., Tang, J., Fu, D. and
Bai, Y. (2013). Preparation and microwave absorbing
properties of polyaniline -modified silicon carbide
composites. High Performance Polymers, 25(8): 901–
906.
Suckeveriene, R.Y., Zelikman, E., Mechrez, G., Tzur,
A., Frisman, I., Cohen, Y. and Narkis, M. (2010).
Synthesis of hybrid polyaniline/carbon nanotube by
dynamic interfacial inverse emulsion polymerization
under sonication. Journal of Applied Polymer Science,
120(2): 676–682.
Zhang, Z., Wei, Z. and Wan, M. (2002). Nanostructures
of Polyaniline doped with inorganic acids.
Macromolecules, 35(15): 5937–5942.
Virji, S., Huang, J., Kaner, R.B., and Weiller, B.H.
(2004). Polyaniline Nanofiber gas sensors: Examination
of response Nano Letters, 4(3): 491–496.
Fan, Y., Chen, X., Trigg, A.D., Tung, C., Kong, J., and
Gao, Z. (2007). Detection of Micro RNAs using targetguided formation Of conducting polymer Nanowires in
Nanogaps.Journal of the American Chemical Society,
129(17): 5437–5443.
Michaelson, J. C., and McEvoy, A. J. (1994). Interfacial
polymerization of aniline. Communications, 79.
Wu, C. and Bein, T. (1994). Conducting Polyaniline
filaments in a Mesoporous channel host. Science,
264(5166): 1757–1759.
Huang, J. and Kaner, R.B. (2004). A general chemical
route to Polyaniline Nanofibers. Journal of the
American Chemical Society, 126(3): 851–855.
Liu, J., Lin, Y., Liang, L., Voigt, J.A., Huber, D.L.,
Tian, Z.R. and Mcdermott, M.J. (2003). Templateless
assembly of molecularly Conductive polymer
Nanowires:
A new approach for oriented
Nanostructures. Chemistry - A European Journal, 9(3):
604–611.
MacDiarmid, A.G., Jones, W.E., Norris, I.D., Gao, J.,
Johnson, A.T., Pinto, N.J. and Llaguno, M. (2001).
Electrostatically-generated nanofibers of electronic
polymers.Synthetic Metals, 119(1-3): 27–30.
Huang, J., Virji, S., Weiller, B.H., and Kaner, R.B.
(2003). Polyaniline Nanofibers: Facile synthesis and
chemical sensors. Journal of the American Chemical
Society, 125(2): 314–315.
He, Y., and Lu, J. (2007). Synthesis of polyaniline
nanostructures with controlled morphology by a twophase strategy.Reactive and Functional Polymers,
67(5): 476–480.
Syed, A.A. and Dinesan, M.K. (1991). Review:
Polyaniline—A novel polymeric material. Talanta,
38(8): 815–837.
Wei, Y., Tang, X., Sun, Y. and Focke, W.W. (1989). A
study of the mechanism of aniline polymerization.
Journal of Polymer Science Part A: Polymer
Chemistry, 27(7): 2385–2396.
Huang, J. and Kaner, R.B. (2004). A general chemical
route to Polyaniline Nanofibers. Journal of the
American Chemical Society, 126(3): 851–855.

[24]

[25]

[26]

[27]

Atkinson, S., Chan, H.S.O., Neuendorf, A.J., Ng, S.C.,
Ong, T.T. and Young, D.J. (2000). Synthesis of the
water-soluble, electrically conducting Poly (5Aminonaphthalene-2-sulfonic acid). Chemistry Letters,
3: 276–277.
Ghosh, P., Siddhanta, S.K., and Chakrabarti, A. (1999).
Characterization of poly(vinyl pyrrolidone) modified
polyaniline prepared in stable aqueous medium.
European Polymer Journal, 35(4): 699–710.
Bitao, S. Youngchum, T. Jie, B. Ziqiang, L. Wang, K.
Hongmei, M. and Na, D. (2007). Acid doped
polyaniline nanofibers synthesized by Interfacial
polymerization. Indian journal of chemistry, 46A: 595599.
Rahy, A. and Yang, D.J. (2008). Synthesis of highly
conductive polyaniline nanofibers. Materials Letters,
62(28): 4311–4314.

Figure 1: UV-Visible spectra of TAN prepared at various
molar ratios of NPPD to APS.

Figure 2: FTIR spectra of TANI prepared at different molar
ratios of NPPD to APS
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Figure 3: XRD of TAN prepared at 1:1 molar ratio of NPPD to APS.
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Figure 4: SEM images of TAN prepared at (a) 1:0.125, (b) 1:0.25, (c) and (d) 1:0.5, (e) and (f) 1:1 molar ratios of NPPD to APS.
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