International Journal of Advanced Scientific Research and Management, Special Issue 4, ICAMA-18, Apr 2019
www.ijasrm.com
ISSN 2455-6378

Synthesis, characterization and
electrochemical studies of
Polyaniline/Benzalazine/cobalt(II) chloride
composite
B. Divya1, D. Kanagavel2, N. Chandralekha2 and C. Vedhi3*
1

Department of Chemistry, St. Mary’s College (Autonomous),
Thoothukudi -628001, Tamil Nadu, India.
2

Department of Chemistry, Kamaraj College,
Thoothukudi-628003, Tamil Nadu, India.

3

Department of Chemistry, V.O.Chidambaram College,
Thoothukudi-628008, Tamil Nadu, India.

Affiliated to M.S. University, Tirunelveli - 627 012, Tamil Nadu, India
*Corresponding author: cvedhi23@gmail.com, mobile: 9092368104
stability etc. can be made better by incorporating
some other materials in to its polymer backbone.
Such polymer blends is called composites. Enormous
literature was available for polyaniline composites.
Polyaniline composites with other materials like fly
ash [1], metal compounds [2], other polymers [3],
egg shell [4], carbon nano tubes [5], clay [6], rice
husk [7], etc. had been reported. These polyaniline
composites are applied in various fields like
adsorption [8], sensing [9], capacitors [10], corrosion
inhibition [11], etc.

Abstract
Composites of polyaniline containing benzalazine
and cobalt(II) chloride was synthesized by oxidation
polymerization of aniline in the presence of
benzalazine and cobalt(II) chloride. UV-Visible and
infrared spectral studies were carried out to confirm
its formation. X-ray diffraction studies showed its
partial crystalline nature. Atomic force microscopy
explored its surface morphology. Redox nature was
investigated by using cyclic voltammetry.
Electrochemical impedance spectroscopy studies
were done to study its capacitance behaviour. This
composite showed good capacitance at pH 7.
Chronocoulometric studies showed that double layer
capacitance was more in neutral medium. Charge
consumed for electrolysis was found out using bulk
electrolysis.
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2. Materials and methods
Aniline was bought from spectrum
chemicals and distilled before polymerization. The
oxidizing agent potassium perdisulphate was also
bought from spectrum chemicals. Cobalt(II) chloride
was bought from e-Merck. Ethanol was bought from
Jiangsu Huaxi, China. Indium tin oxide (ITO) coated
glass plates which were as working electrodes used
in cyclic voltammetry and electrochemical
impedance spectroscopy studies were provided by
e-Merck.
FT-IR spectra was recorded using Nicolet
Si5 spectrometer (ATR) (model P-4600). Jasco V-

specific

1. Introduction
Polyaniline is one of the most thoroughly examined
polymer. This polymer exhibits very good valuable
properties and it can be easily prepared. Its properties
like thermal stability, conductance, dielectric
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630 spectrophotometer was used to obtain UVVisible DRS spectra in the range of 200-900 nm.
X'pert PRO power X-ray diffractometer was used to
get X-ray diffraction patterns in the 2θ position 10 to
80. The anode material used was copper. Atomic
Force Microscopic images were recorded by using
Nanosurf easyscan 2 AFM (BT02218) in contact
mode. Cyclic voltammograms and electrochemical
impedance measurements were done using CH
electrochemical work station sinsil CH 650.

conductive. Peak for C-H out of plane bending for
1,4-disubstituted polyaniline is found at 879 cm-1
[18]. The peak at 1299 cm-1 is due to C-N stretching
of secondary amine group [19]. The peaks present at
2923cm-1 and 2853cm-1 are ascribed as aromatic C-H
stretch and aliphatic C-H stretch respectively.

3. Experimetal
3.1
Synthesis
of
Polyaniline/Benzalazine/Cobalt(II)
chloride
composite
Benzalazine was synthesized under microwave
irradiation by the reported method [12].
3ml of aniline was magnetically stirred in 100ml of
1M hydrochloric acid for 10 minutes. Then
benzalazine and cobalt(II) chloride of 10 weight
percentage of aniline was taken and mixed with the
above solution and stirred for an hour for dispersion.
Then the oxidizing agent potassium perdisulphate
was added and stirred for another 4 hours. Then the
dark green colored solution obtained was refrigerated
for 24 hours. The green precipitate was filtered and
dried at room temperature.

Fig.2 Infrared spectrum of the composite

4.3 X-ray diffraction studies
The peak with maximum intensity is at the
2θ position 25. 24 and this corresponds to 110 plane
of polyaniline [20]. The peak at 2θ position 20.18
corresponds to 100 plane of polyaniline [20]. For
pure polyaniline crystallinity of 9.64% had been
reported by Hichem Zeghioud et.al. [21]Crystallite
size is calculated using Scherrer’s equation
Crystallite size = 0.94 λ / β Cos θ
λ – wavelength of x-rays
β = Full width half maxima
θ = Bragg’s angle
Crystallite size was found to be 11nm. The
percentage of crystallinity of this composite is 16. A
very little increase in the crystallinity of the
composite is due to the incorporation of benzalazine
and cobalt(II) chloride into the polymer matrix.

4. Results and discussion
4.1 UV-Visible spectral studies
The peak at 309nm is due to the excitation
of benzenoid ring in the polyaniline back bone [13].
Because of charge transfer, excitation of quinoid ring
takes palce and this is seen as a broad peak in the
range 490-817nm [14]. π to π* transition of
benzenoid and quinoid and benzenoid rings are
present at 255nm. Band for the transition from
polaron to π* is present at 441nm [15].

Fig. 3 X-ray diffraction pattern of the composite

4.4 Scanning electron microscopy

Fig. 1 UV-Visible spectra of the composite

Particles are well aggregated and no
discrete particles are present in the SEM image.
Aggregated structure with flat surface is seen in the
SEM image of the composite.

4.2 Infrared spectral studies
The C=C stretch frequency of benzenoid
ring is present at 1491cm-1 [16,17] and quinoid [17].
The peak at 3447 cm-1 is due to N-H stretching [18].
The peak at 1134cm-1 is owed to C-H in plane
bending of N = Q = N [14]. This peak is associated
with the protonated form of polyaniline which is
11
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counter electrode. Measurements were made on the
scan rates of 25, 50, 75 and 100mV/s.
In this composite at pH 1, one oxidation
peak is obtained. This peak is the merged peaks of
the oxidation of leucoemeraldine to emeraldine and
oxidation of emeraldine to pernigraniline states.
Similarly the corresponding merged reduction peak
is also obtained in the cyclic voltammogram of the
composite [26]. The maximum oxidation potential is
at 0.597V and reduction potential is obtained at 0.137V for the scan rate of 100mV/s. Here no peaks
of benzalazine are seen in the cyclic voltammograms
of this composite.
In pH 7 well defined peaks are not clearly
seen
on
the
cyclic
voltammogram.
Only the reduction peak of benzalaziine is slightly
visible. In the composite only the reduction peak of
benzalazine is visible at pH 13 also. No peaks are
obtained for the oxidation and reduction of
polyaniline. The reduction of benzalazine is obtained
at -0.995V for the scan rate of 100mV/s [12].

Fig. 4 SEM image of the composite
4.5 Atomic Force microscopy
Flat surface was seen in the topography of
the composite. Various shapes and structures had
been reported in the literature. Spherical shape [23],
flat structure[24], wrinkled structure [25] for
polyaniline had been reported in the literature.
Aggregated particles with flat surface are seen in the
topography of this composite.

(a)

Fig. 5 a)Topography of the composite b)3D view

Table 1 Roughness values for the composite from the
topography
Roughness

Average

Root mean

roughness (nm)

square
roughness (nm)

Line

126.88

142.27

108.80

147.80

(b)

(Width 3.125μm)
Area
2

(Area 9.842pm )

4.6 Cyclic Voltammetric studies
Cyclic voltammograms were taken for the
composites in pH 1, 7 and 13 by coating the
composite on Indium tinoxide substrate. These were
used as the working electrode. Reference electrode
was Ag/AgCl and platinum electrode was used as

(c)
Fig. 6 Cyclic voltammograms of the composite at
a)pH 1 b)pH 7 and c)pH 13
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Table 2 Resistances and specific capacitance of the
composite at pH 1, 7 and 13

4.7 Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy
was done with the same cell set up as in cyclic
voltammetry. Measurements were made in pH 1, 7
and pH 13 and the acquired data was fitted by using
Randles circuit. A semicircle called Nyquist plot is
obtained. From the Nyquist plot resistance and
capacitance are noted and tabulated in table 1.

pH

Solution
resistance
(ohm)

1
7
13

34.73
49.97
45

Charge
transfer
resistance
(ohm)
3396
2.439e4
2188

Specific
capacitance
(μF/cm2)
35.6
78.7
36.8

From bode plots magnitude of impedance and phase
angle can be noted. From the plot solution resistance
and double layer capacitance are clearly seen on the
Y-axis. The specific capacitance of this composite is
78.7 μF/cm2 at pH 7. This is the maximum specific
capacitance for this composite. In acidic and basic
media, less specific capacitance is shown by this
composite. The maximum phase angle shown by this
composite at pH 1 is -73°. At pH 7 it showed a
maximum phase angle of -81° and at pH 13 it shows
the phase angle of -72°. For capacitors which are
ideal the phase angle should be -90°[27].

Fig. 7 Randles circuit

(a)
(a)

(b)

(b)
(c)
Fig. 9 Bode plots of the composite at
a)pH 1 b)pH 7 c)pH 13

4.8 Chronocoulometric studies
Chronocoulogram of the composite shows
that charging takes place at a constant speed with the
increase of time. The discharging is slow. This
shows that reduction reaction of this composite is
taking place at a faster rate than oxidation. The
intercept in the reduction reaction i.e. the forward
step is obtained due to the presence of double layer
capacitance [28]. The difference in the intercepts of
forward scan and the reverse scan gives the surface
charge. [29, 30]. Double layer capacitance and
surface charge is more for this composite at pH 7.

(c)
Fig.8 Nyquist plots of the composite at
a)pH 1 b)pH 7 c)pH 13
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by oxidative polymerization of aniline. FT-IR and
UV-Visible studies confirmed the formation of the
composite. Cyclic voltammetric studies show that at
pH 1 redox reaction took place and at pH 13 only
reduction of benzalazine take place. Electrochemical
impedance spectroscopy and chronocoumetric
studies showed that double layer capacitance for this
composite is more at the neutral medium. Less
charge is consumed for the electrolysis of this
composite at pH 7. So pH 7 is the optimum pH for
capacitance studies.

Fig. 10 Chronocolougrams of the composite at pH 1, 7
and 13
Table 3 Charges obtained from chronocoulometric
studies
pH
Charge due to
Surface charge
double layer
(x10-2 C)
capacitance
(x10-2 C)
1

-94.6

-89.887

7

2.186

4.037

13

-13.47

-5.308
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