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Abstract. Inherently conducting polymer polyaniline (Pani)
has been synthesized by a nove interfacial polymerization
techniqgue using trichloroethane as organic media
Ammonium peroxydisulphate was used as an oxidizing
agent dissolved in aqueous media. The synthesized polymer
was subjected to the physico-chemical characterization by
UV-Vis and FT-IR Spectroscopy and Scanning Electron
Microscopy. From the SEM Micrographs it was observed
that interfacial polymerization offers the fibrillar type of
morphology having 200 nm sized fibers. Thermal
properties of the synthesized polyaniline nanofibres were
evaluated by thermogravimetric analysis. Conductivity of
the polymer was measured by four-probe conductivity
measurement technique and found to be ~ 0.1 S/cm.

Keywords. polyaniline, interfacial polymerization, nano-
fibers, spectroscopy, conductivity.

1. Introduction

In the few past decades inherently conducting
polymer (ICP) polyaniline (Pani) has been pad
consderable attention because of its high electrica
conductivity [1], therma stability [2], ease of preparation,
and good environmental stability [3]. This polymer was
found to be the most promising candidate for technological
applications [4, 5] especidly in light-weight batteries and
sensors [6, 7]. However, the great potential of this
compound is masked by serious disadvantages such as its
insolubility in common organic solvents, infusibility, and
hence non-processibility [8]. Conducting form of
polyaniline (emeraldine salt) powder synthesized in
agueous HCI solution is insoluble in most of the common
organic solvents including 1-methyl 2-pyrrolidone (NMP).
Due to strong interchain interactions these compounds are
not soluble and do not melt, thus they can be nether
solutions nor thermally processed. Implementation of
practicadl applications has been facilitated by the

improvement of the processability of the conducting
polymers. For these reasonsin the past few years significant
research efforts have been directed towards the synthesis of
processable forms of eectroactive polymers and their
nanocomposites [9-11]. Among these areas of progress, the
approach of chemical synthesis method and the use of
functional dopantsin the polymer matrix as an inherent part
of the doping is more attractive, as it diminates the use of
volatile dopants. Recently, new types of protonic acids have
been used, such as polyacids and functionalized acids, to
dope chemicaly synthesized polyaniline in order to
improve the selected properties, in particular, solubility,
processability, and electrical conductivity [12, 13].
Conventiona polyaniline synthesis is known to produce
particulate products with irregular shapes. Therefore, many
methods have been developed to make nanostructures of
polyaniline (with diameters smaller than 100 nm) by intro-
ducing “structura directing agents’ during the chemical
polymerizing reaction. A great variety of such agents have
been reported in the literature, including surfactants [14-
17], liquid crydals [18], polyeectrolytes [19], nanowire
seeds [20], aniline dligmers [21], and relativdy complex
and bulky organic dopants [22-26]. It is believed that such
functional molecules can either directly act as templates
(e.g., polydectrolytes) or promote the sdf-assembly of
ordered “soft templates’ (eg. micdles, emulsions) that
guide the formation of polyaniline nanostructures.

2. Experimental

All chemicals were of analytical reagent (AR) grade
and used as received. In a typical polymerization process
the appropriate amount (0.553 M) of the monomer (aniline)
was dissolved in the organic solvent (trichloroethane) to
form the organic phase. The aqueous phase consists of the
oxidizing agent (ammonium persulphate) (0.554 M)
dissolved in double didtilled water together with HCI
(1.33M) as a protonic acid. The monomer to oxidizing
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agent ratio was kept 1:1. After complete addition of the
oxidizing agent (agueous phase) to the reaction mixture
(organic phase) dowly, the two phases are formed and the
polymerization is observed to be initiated at the boundary
or at the junction of the two phases. Fig. 1 shows different
geps involved during the polymerization process. After
completion of the reaction the polymer was separated and
washed with distilled water until the filtrate was colorless.
Finally, the polymer was dried in an oven at 343K for 12 h.
Theyield of the polymer was found to be ~ 82 %.

(d) (e)

Fig. 1. Various stepsinvol ved during the interfacial
polymeri zation process

The UV-Visible spectrum of the polymer solution in
mcresol  was  recorded  using  Hitachi-U3210
spectrophotometer in the range of 300-900 nm. The FT-IR
spectrum was taken on a Perkin-Elmer- rum 2000
gpectro-photometer between 4004000 cm~. The sample
was prepared in the pdlet form using a spectroscopic grade
KBr powder. Morphological studies were performed with
the help of a Philips XL-30 Scanning Electron Microscope.
Thermogram of the polymer sample was recorded using
Mettler-Toledo 851 thermogravimetric anadlyzer in the
presence of N, atmosphere from RT to 1173 K at a heating
rate of 10 K/ min. Electrical conductivity was measured by
the four-probe technique. Dry powdered sample was made
into pellet usng a sted die of 1.5 cm diameter in a
hydraulic press under the pressure of 7 tons.

3. Results and Discussion

Electronic absorption of conducting polymers is
useful in investigating the oxidation and doping state of the
polymer backbone. The optical absorption spectra of the
polyaniline doped with HCl is presented in Fig. 2. In
m-cresol, polyaniline exhibits two sharp peaks a 300 nm
and 420 nm and shoulders at 600 and 820 nm. The peek at

300 nm corresponds to the p-p* trangition of the benzenoid
rings, while the peak at 420 nm is very sharp and intense,
which can be attributed to the localized polarons which are
characteristic of the protonated polyaniline. The shoulders
a 600 nm and 820 nm are assigned to the insulating
pernigraniline phase and conducting emeraldine salt phase
of the polymer, respectively [27].

The spectral features observed in Fig. 2 reveals that
the polymer is composed of different oxidation dates
(conducting and insulating phase) of the polymer.
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Fig. 2. UV-Vis spectraof palyanilinerecorded using m-cresol asa
solvent
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Fig. 3. FT-IR Spectrum of polyaniline synthesized by interfacia
polymerization technique

Fig. 3 represents the FT-IR spectra of the polyaniline
synthesized by interfacial polymerization technique and the
peak positions rdated to the corresponding chemical bonds
arelised in Table 1. The presence of the two bands in the
vicinity of 1500 cm™ and 1600 cm™ are assigned to the
nonsymmetrical Cg ring sIreIchl ng modes. The higher
frequency vibration at 1600 cm™ has a magjor contribution
from the qU| noid rings while the lower frequency mode at
1500 cmi* depicts the presence of benzenoid ring units. The
presence of these two bands clearly shows that the polymer
is composed of amine and imine units. Furthermore, this
supports our UV-Vis characterization, discussed earlier,
where different phases are observed in the spectrum. The
presence of other characteristic bands confirms the presence
of conducting emeraldine salt phasein the polymer.
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Table 1
Characteristic frequencies of HCI doped polyaniline

nun\1Nb:rv, (T:m'l Band characterigtics
804.17 Paradisubstituted aromatic rings
indicating polymer formation
614.00 C—H out of plane bending vibration
1112.12 C—H in plane bending vibration
1295.85 Aromatic C-N stretching indicating
secondary aromatic amine group
1494.93 C—N stretching of benzenoid rings
1605.52 C—N stretching of quinoid rings
3031.46 The aromatic C—H stretching

Fig. 4 shows the micrographs of polyaniline doped
with HCl at different magnifications. The morphology of
the polymer synthesized by interfacial polymerization
methods offers very interesting morphological features. At
the lower magnifications of 1000 and 2000x (Figs. 4a and
b) it is observed that the polymer is composed of different-
sized fibrillar type structure. At higher magnification of
4000x, (Fig. 4c) the darity of the morphology is found to
be further enhanced and it is observed that the fibers are of
different size. The size of the fibers isranging from 450 nm
to 200 nm for broad and small fibers respectively.

The formation of the fibers offered by the interfacial
polymerization process is due to the controlled availability
of the monomer at the junction of the organic and aqueous
phase during the polymerization. It is expected that a very
limited amount of monomer molecules present in the
organic phase isinteracting with the oxidizing agent present
in the agueous phase. Since the as-made polyaniline
product is synthesized in its hydrophilic emeradine sat
form it diffuses away from the reactive interface into the
water layer. This makes more reaction sites available at the
interface and alows avoiding further overgrowth. In this
way, the nandfibers formed at the interface are collected in

the water layer without severe secondary overgrowth.

After complete addition of the oxidizing agent
formation of the boundary between the two different phases
takes place. The dengity of the water isless than that of the
organic solvent trichloroethane thereby forming the upper
phase in the reaction media. At the boundary the oxidizing
agent reacts with the monomer molecule and initiates
polymerization which proceeds till complete polymeri-
zation of the monomer present in the non-aqueous media.

On the contrary, during the bulk polymerization
process al the monomer molecules present in the reaction
media interact with the oxidizing agent and the reaction
initiates at al monomer sites and proceeds further. The
initially formed granular polyaniline further reacts with the
monomers present in the reaction flask and the size of the
granulesincreases to form a sponge like structure in the end.

Fig. 4. Scanning € ectron micrographs of palyaniline at the
magnifications of 1000x (&), 2000x (b) and 4000x (c)

Uniform distribution of the fibers with smilar sze
and shape requires control over various parameters
involved during the synthesis. The efforts to optimize these
parameters in order to get polyaniline fibers with uniform
sizeand shape arein progressin our laboratory.

Fig. 5 displays the therma profile (TG/SDTA) of the
polyaniline synthesized by interfacia method. From the
figure it is observed that the polymer exhibits a three-step
decomposition pattern similar to that of unsubstituted
polyaniline synthesized by bulk polymerization process.
The first step in the decomposition pattern from RT-373 K
is obviously due to the removal of free water molecu
lesymoisture present in the polymer matrix. The second step
loss garting from 393 to 573 K is mainly due to the loss of
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the dopant ion from the polymer chains (thermal dedoping),
wheress the third step loss starting from 623 K onwards is
accounted for the degradation and decomposition of the
skeletal polymer backbone after the dimination of the
dopant ion [27]. The first derivative plot also revedls the
similar weight | oss pattern.
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Fig. 5. Thermogram of polyaniline synthesized by interfacia
polymerization method

The room temperature solid state conductivity of the
polymer was measured on pressed pdllets having a diameter
of 1.5 cm using the four-probe conductivity measurement
techniques. The conductivity of HCI doped polyaniline is
found to be 0.1 S/cm, which is higher than that of
synthesized by bulk polymerization process.

4. Conclusions

Nanofibers of conducting polyaniline were
synthesized by interfacial polymerization method using
ammonium persul phate as an oxidizing agent. The presence
of conducting emeraldine salt phase of the polymer was
confirmed by the UV-Visble and FT-IR spectroscopic
measurements. The SEM anadysis showed fibers with
different sze ranging between 400200 nm in size
Thermogravimetric  analysis shows the three-step
decomposition  pattern  similar  to  the polyaniline
synthesized by bulk polymerization method. The conduc-
tivity of the polymer was measured by four-probe
conductivity technique and found to be 0.1 S'cm.
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CHUHTE3 I JOCJII)KEHHS ITOJITAHIVITHOBUX
BOJIOKOH OTPUMAHUX HIBUJIKUM
MIXK®A3HUM PIJUMHHO-PIIUHUM
MOJIMEPU3ALIIMHUM METOJIOM

Anomauin. Cyuacnum memooom midcgpaznoi nonimepuzayii 3
BUKOPUCIMAHHAM —~ MPUXIOPEMAHY SIK  OP2aHiYHO20 — cepedosunyd
CUHME3068AHO THMEHCUBHO NPosiOnuUiL norimep nonianininy (ITAHI).
AK  OKUCHUK  8UKOPUCMAHO BOOHUIL PO3HUH NEPOKCUOUCYTbanty
amoniro. Cunme308anuil nonimMep OXApaKmeu308aHo 3 6UKOPUC-
manHAM — mMemoody — cnekmpoghomomempuynozo  aunanizy, @yp'e
CNEKMPOCKONIEI0 MA  CKAHYIOYOI0  elleKMPOHHOIO  MIKPOCKONIEIO.
3uaiideno, wo migcgpazna nonimepusayis npusodunis 00 Mopgonoaii
@ibpunsprnoco muny 3 poszmipom eonokon 200 mm. Oyinioganms
MEPMIYHUX 6]1aCMUBOCTIEl] CUHME308AHUX HAHOBONIOKOH NONIAHINIHY
npoBedeHo 3  BUKOPUCAHHAM MEPMOSPACIMEMPULHO20 AHANI3Y.
Tposionicms nonimepy 6umiproganacsi 3a 0ONOMO20I0 MEmMOOUKU
YOMUPLOX-eneKkmMpoorol nposionocmi i cmanosuna ~ 0,1 Culcm.

Kntouosi cnosa. nonianinin, midcgpazna nonimepuzayis,
HAHOBONIOKHA, CHEKMPOCKONIs, NPOGIOHICIb.



