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Extremely fine 1-dimensional (1D) polyaniline (PANI)
nanofibers have been prepared under ambient conditions
by novel reverse microemulsion route using cetyl trimethyl
ammonium bromide (CTAB) as surfactant.

PANI is the most extensively studied conductive polymer
due to its relatively facile processability and excellent
environmental stability combined with relatively high levels
of electronic conductivity as well as thermoelectric and optical
properties [1–4]. Synthesis of polyaniline with reduced
dimensionality having fascinating morphologies and archi-
tectures offers the possibility of enhanced performance due
to fast transfer of electrons [5–11].

The fabrication of 1D polyaniline with nanometer
dimensions such as nanorods, nanofibers, nanotubes, and
nanobelts have attracted intensive interest because they
possess the advantage of both low-dimensional system and
can be envisioned for potential applications including
polymeric conducting molecular wires, chemical sensors,
biosensors, and light-emitting devices. Considerable efforts
have been dedicated to synthesize 1D nanostructured
polyaniline having fibrillar morphology by chemical routes

[7, 12–19]. The use of surfactants during the polymeriza-
tion has largely yielded polyaniline having particulate
morphology. There are very few reports in which fibrillar
morphology has been observed in surfactant-assisted
polymerization of aniline [20, 21]. Microemulsion route is
dynamic in nature yielding exciting morphology depending
on various reaction parameters. Reverse microemulsion
may be used as an effective tool to fabricate nanofibers
oriented into large 1D arrays and is capable of making pure
and uniform bulk nanofibers with small dimensions.

Herein, we endeavor a novel and facile approach for the
synthesis of extremely fine PANI nanofibers under ambient
conditions by reverse microemulsion using CTAB as the
morphology directing surfactant template, along with
hydrochloric acid and ammonium persulfate as dopant and
oxidant, respectively.

In a typical procedure, two reverse microemulsions ME1

containing aniline and dopant and ME2 with initiator
ammonium persulfate were prepared. Appropriate amount
of CTAB was added to known volume of cyclohexane
forming a murky emulsion. Aniline with dopant mixture
and isoamylalcohol were then added to the emulsion under
continuous magnetic stirring. The murky emulsion became
transparent within seconds. The stirring was continued for
1 h at room temperature resulting in a stable reverse
microemulsion (ME1). Second reverse microemulsion
(ME2) was prepared under similar conditions with 1 M
aqueous solution of the initiator ammonium persulfate in
place of aniline. The homogeneous reverse microemulsion
solution ME2 was then added dropwise to reverse micro-
emulsion ME1 under constant magnetic stirring at room
temperature. The mixture was further stirred for 24 h at
room temperature 30°C. The entire reaction was carried out
under inert atmosphere. The oxidation of aniline onsets
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after 15 min was indicated by the formation of blue
pernigraline at the initial stages of polymerization. This
blue pernigraline form converts to a green protonated
emeraldine form at the end of the polymerization. After
24 h of stirring, the resultant green color content was
centrifuged at 12,000 rpm to obtain the polyaniline nano-
structures followed by their washing with methanol and
double-distilled water for several times. The product
obtained was dried in a vacuum oven at 60°C for 48 h.

A Fourier transform infrared (FTIR) spectrum (Fig. 1)
confirms the formation of PANI. Spectra are consistent with
the emeraldine form of polyaniline. The absorption band
around 3,400 cm−1 corresponds to the free N―H bond
[22]. The strong absorbtion bands at 1,580 and 1,495 cm−1

corresponds to C═C stretching vibrations of the quinoid
(N═Q═N) and benzenoid (N―B―N) rings polymer chain,
respectively [23]. A shoulder band that appears around
1,650 cm−1 is assigned to the carbonyl group (C═O),
indicating the formation of quinine during polymerization
[24]. The band at 1,495 cm−1 can be attributed to aromatic

stretching vibrations [23]. The absorption band around
1,420 cm−1 has been assigned previously to the symmetric
stretching of phenazine rings that may be formed in small
amount at the beginning of the reaction. This band is not
usually observed in the spectra of “standard” polyaniline,
synthesized at low pH. It has previously been suggested
that the role of phenazine-like units (due to aniline coupling
in ortho-position at higher pH) is to facilitate formation of
nanofibers and to provide a template for growing the
supramolecular nanofiber structure and ordering of
oligomers [23]. Bands at 1,364 and 1,300 cm−1 are
attributed to C―N stretching vibrations [23]. The absorp-
tion band at 1,085 cm−1 is associated with high electrical
conductivity and a high degree of electron delocalization as
reported in the literature [1, 25, 26].

The representative transmission electron microscope
(TEM) micrographs of PANI nanostructures obtained via
reverse microemulsion process with CTAB are composed
of fibrous structures having an average diameter of 20 nm
(Fig. 2). The length of the fibers ranges up to several
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micrometers. TEM analysis reveals that nanofibers obtained
are extremely fine as shown in Fig. 2. The samples were
sonicated before TEM analysis, which results in segregated
fibers (Fig. 2).

To further confirm the crystal structure of the polyaniline
nanostructures, the samples have been subjected to X-ray
diffraction (XRD) analysis at 30°C. Figure 3 shows the
XRD patterns of the resultant polyaniline nanostructures.
The broad diffraction peaks centered at 2θ=20.7° and 25.9°
(d-spacing=4.3 and 3.5Ǻ, respectively) are observed in the
samples obtained from the reverse micelles based on
CTAB. This indicates that the resulting polymer is in the
form of highly doped emeraldine salt and has good
crystallinity [27, 28]. The latter diffraction peaks at 2θ=
25.9° (d-spacing=3.5Ǻ) implies that the phenyl rings are
densely packed giving rise to a planar conformation and,
thus, to an extensive interchain π→π* orbitals overlap [27,
28]. Furthermore, the increased crystallinity indicates a
high doping level [28].

The electrical conductivity of a pressed pellet of
polyaniline nanofibers is 4.68×10−1S cm−1 at room
temperature. The measured room temperature direct current
conductivity of our samples was found to be at par than
those reported by other researchers [29–31].

Figure 4 presents the thermograms for polyaniline
nanofibers used to find the decomposition temperature.
This decomposition temperature sets an upper limit for the
temperature at which polyaniline nanostructures can be
heated for subsequent works. The acid doped polyaniline
showed three steps of decomposition process as proposed
by previous workers [32]. It is suggested that the initial
stages of weight loss are due to volatilization of water
molecule and oligomers as well as unreacted monomer
elimination. Then, at higher temperature, the protonated
emeraldine form of polymer is lost, and at more extreme
temperature, the polymer chain breaks, leading to the
production of gases such as acetylene and ammonia [32,
33]. Thermogravimetric analysis reveals that nanofibers
have high thermal stability with decomposition beginning
above 400°C.

In conclusion, we demonstrate a novel route to
synthesize fine and uniform polyaniline nanofibers at
room temperature. The synthesis is easily scalable and
reproducible. In reverse microemulsion, the structure-
determining materials direct the nanostructures to spe-
cific crystallite size and shape. The room temperature
direct current conductivity value is at par as compared
to the conductivity reported for polyaniline nanofibers
synthesized using surfactants via reverse microemulsion.
These highly conducting and thermally more stable
polyaniline nanofibers may provide potential applica-
tions such as nanodevices, neuron devices, chemical
sensors or actuators, and many more.
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