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Introduction
In the present scenario, Conducting Polymers (CP) like polyaniline, 

polypyrrole and others take much attention of academician and 
researchers. It is because of both fundamental interest and potential 
applications in the, electro-chromic devices, energy storage and 
conversion systems, sensors anticorrosive coatings, and electro-catalysts 
etc. [1-6]. Some of the conducting polymers are soluble in water and/
or in organic solvents, which facilitates their application on surfaces as 
a thin film is one of the interesting property [7-10]. Polyaniline (PANI) 
has number of electronic structure and it depends on the doping. 
Oxidized and base-treated PANI (called emeraldine base) showed 
reduced conductivity on comparison with protonated Emaraldine Salt 
(ES) and therefore PANI is used as anticorrosive agent [5,6].

PANI is very popular and suitable conductive synthetic polymers 
due to its low price, easily available and easy synthesis, manageable 
electric conductivity, high electro-activity and environmental solidity. 
Doped nano-composites based on conducting polymers and on 
different inorganic materials plays more important role in the advance 
of thoughts about nano-structuring, as nanocomposites show novel and 
rapidly improved mechanical, electronic, magnetic, optical and catalytic 
properties [2,3,5,8,9,11-14].

PANI composites containing Fe3O4NPs are regularly studied as the 
PANI having electrical and magnetic features. Researchers reported the 
synthesis of PANI nanocomposites containing Fe3O4NPs using chemical 
methods. These nanocomposites have more potential applications in 
comparison of PANI including anticorrosion coatings, batteries, sensors, 
separation membranes, and antistatic coatings [13,15]. They have 
diverse application potentials in electronics because incorporation of 
metal clusters, which increases the cluster of free electrons and enhance 
the conductivity of the polymer based nano-composites [9,16]. Several 
methods for the synthesis of metal NPs have been reported by various 
research groups like template method, photochemical preparation, 
electrochemical methods or electro-deposition of metal nanoparticles, 
reduction of metal salts etc. [5,17-25].

Herein, the synthesis of PANI based nanocomposites was carried 
out via simple methodology in normal condition via using cheap 
chemicals and easily available apparatus. The proposed synthesis is 
based on simple mixing of component (PANI, CaCO3 and Au/Ag NPs) 
under appropriate condition.

Experimental
Reagents and materials

Chemicals used in the synthesis of the composite polymers are 
ammonium peroxydisulfate (LR), aniline (LR), hydrochloric acid (LR), 
sodium carbonate (LR), calcium chloride (LR), silver nitrate (LR), 
tetracholoauric acid and ammonia solution (LR) etc. Chemicals used 
were purchased from Molychem (India), SRL (India), Sigma-Aldrich 
(USA) etc. All the reactions were carried out in oven-dried glassware. 

Synthesis of polyaniline (PANI)

PANI was synthesized by solution mixing technique. In this 
methodology, aniline polymerization was carried out in conc. HCl 
which was used to provide acidic media in the presence of ammonium 
persulfate, which acts as oxidant/initiator (Scheme 1).

In typical procedure, a beaker (1 L capacity) was taken and a solution 
of aniline (8.33 mL) in distilled water (500 mL) and HCl (50 mL) were 
prepared. The reaction mixture was cooled with stirring at a temperature 
of 0-5°C for about 15 min. Then, a solution of ammonium persulfate 
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(18.924 g in 330 mL distilled water) was added dropwise to the above 
cooled reaction mixture with continuous stirring and this addition was 
completed in 2 h. Solid precipitate was appeared after stirring of 3 h 
and then the reaction mixture was kept for overnight. Polymer (PANI) 
will settle down due to its high molecular weight and the unreacted 
aniline and oligomer will remain suspended in the supernatant and 
were separated out through decantation. After decantation 300 mL of 
distilled water was added and kept for 12-16 h. Then, the supernatant 
was discarded and this was repeated twice to avoid the presence of 
aniline or oligomers. Further, the precipitate was collected through 
filtration, followed by washing with distilled water. It was dried in oven 
at 40°C to afford the sample P1 (Yield=7.0194 g).

Synthesis of CaCO3 microparticles

The synthesis of CaCO3 microparticle was carried out by rapid 
mixing followed by fast stirring of aqueous solution of Na2CO3 and 
CaCl2 (Scheme 2). 

In the typical procedure, an aqueous solution of 0.33 M CaCl2 (100 
mL solution) was taken in a flask (250 mL capacity) and then solution 
of 0.33 M Na2CO3 (100 mL solution) was added to above solution with 
continuous stirring at 40°C. After intense agitation with a magnetic 
stirrer for 10 min and a white colour precipitate was obtained by 
sedimentation of the solution. Solid precipitate was washed with plenty 
of distilled water. Sedimentation of CaCO3 microparticle was done by 
centrifugation for 10 min at 4,000 rpm. (Yield=8.240 g)

Preparation of tetrazolium or tetrazole ring based ionic liquid 
(1-Butyl-5-carboxymethyl-4-(2-cyano-ethyl)-4H-tetrazolium 
bromide) 

In the typical procedure, in a round bottom flask (100 mL capacity), 
1-H-tetrazole-5-acetic acid (10 mmol) and acrylonitrile (10 mmol) in 
acetonitrile (25 mL) were stirred at room temperature (30°C). The 
completion of the reaction was checked by thin layer chromatography 
(TLC) in mixture of hexane and ethyl acetate (1:9). After completion 
of the reaction, the solvent was removed under reduced pressure to get 
the product i.e., cyanoethyl tetrazole acetic acid [1-7,26-32]. Then, the 
obtained compound was taken in acetonitrile (30 mL) and equimolar 
bromobutane was added to the above solution with stirring. The 
above reaction mixture was refluxed for about 3 h. Then, solvent was 
evaporated under reduced pressure to afford 1-Butyl-5-carboxymethyl-
4-(2-cyano-ethyl)-4H-tetrazolium bromide as in Scheme 3 [26-32] 
C10H16N5O2; Pale green liquid. Synthesized ionic liquid was well 
characterized though FTIR, NMR techniques and the purity was 
checked using high performance liquid chromatography (HPLC). 
Analytical data: IR (Ʋ=cm-1; KBr) 3338 (O-H), 3146 (N-H), 2962 (C-
CH), 2361 (CN), 1749 (C=O); O-H (9.39, 1H); 1H-NMR (δ) aliphatic 

hydrogen (5.426, 4H), (4.71, 2H), (1.431, 9H); 13C-NMR (δ) carbonyl 
carbons (168), nitrile (166), alkenic carbons (146), aliphatic carbon (66, 
61, 51, 49, 33, 30).

Synthesis of Au NPS in ionic liquid (1-butyl-5-carboxymethyl-
4-(2-cyano-ethyl)-4H-tetrazolium bromide) 

Herein, in a 10 mL round bottom flask, 5 ml of the above synthesized 
ionic liquid and 10 mg of tetrachloro auric acid (HAuCl4) were taken 
and stirred for 10 min (yellow colour) and the mixture was treated with 
more of methanolic solution of sodium borohydride (20 mg in 10 ml 
of methanol). A ruby red colored solution was obtained from yellow 
colour solution of HAuCl4 indicating the formation of gold in zero 
oxidation state. Stirring was continued for another 6 h for reduction 
of Au (III) to Au (0). Then the solution obtained was centrifuged for 
10 min at 10,000 rpm and the supernatant was discarded. Washed the 
centrifuged pellet with ethanol and the nanoparticles were analysed for 
characterization using powder X-ray Diffraction (XRD), transmission 
electron microscopy (TEM), quasi elastic light scattering (QELS) and 
UV-Visible techniques to determine shape, size and oxidation state of 
gold nanoparticles (Scheme 4).

Synthesis of Ag NPs in the synthesized ionic liquid (1-Butyl-5-
carboxymethyl-4-(2-cyano-ethyl)-4H-tetrazolium bromide) 

In a 10 mL round bottom flask, 5 mL of the above synthesized IL 
and 10 mg of silver nitrate were taken and then addition of methanolic 
solution of sodium borohydride was done at 30°C. Suddenly a yellowish 
brown color solution was obtained and signifying the silver NPs [26-
32]. Further, stirring was continued for 6 h. Then suspended solution 
was poured into ethanol and centrifuged at 3000 rpm for 10 min 
and decanted the supernatant and washed the pallet with ethanol 
and then the left material was analysed by powder X-ray Diffraction 
(XRD), Quasi Elastic Light Scattering (QELS), Transmission Electron 
Microscopy (TEM) and UV-Visible techniques to determine shape, size 
and oxidation state of Ag nanoparticles (Scheme 5).
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Scheme 1: Synthesis of PANI using aniline under acidic medium in the 
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Scheme 4: Synthesis of gold NPs in ionic liquid.
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Scheme 2: Synthesis of CaCO3.
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Synthesis of PANI-CaCO3-Au nanocomposites 

Composite nanopolymers of PANI were synthesized by mixing 
PANI, CaCO3 and Au NPs. In the typical procedure, different amounts 
of PANI (P2-P6 as mentioned in Table 1) were taken in a round bottom 
flask (100 mL) individually. Further, fixed amount of CaCO3 and Au 
NPs were added to the reaction mixture accordingly. The reaction 
mixture was stirred for appropriate time. On completion of reaction, 
the reaction mixture was centrifuged for 10 min at 8,000 rpm. Then, the 
supernatant was discarded and the pallet was used for the analysis and 
has been confirmed by several instrumental techniques (FTIR, SEM, 
EDX, impedance, cyclic voltametry etc.) (Scheme 6).

Synthesis of PANI-CaCO3-Ag nanocomposites 

Composite materials of PANI were synthesized by mixing PANI, 
CaCO3 and Ag NPs. In the typical procedure, different amounts of 

PANI (P7-P11 as in Table 1) were taken in a round bottom flask (100 
mL) individually. Then, fixed amount of CaCO3 and Ag NPs were 
added to the reaction mixture accordingly. The reaction mixture was 
stirred for appropriate time. On completion of reaction, the reaction 
mixture was centrifuged for 10 min at 8,000 rpm. Then, the supernatant 
of the reaction mixture was discarded and the Centrifugated pallet was 
used for the analysis and has been confirmed by several instrumental 
techniques (FTIR, SEM, EDX, impedance, cyclic voltametry etc.) 
(Scheme 7).

Instrumentation
Fourier transform infra-red (FTIR) spectroscopy

Synthesized samples (P1-P11) were analysed via making their 
pallet using KBr as background and ratio is 1:99. Samples were crushed 
by hydraulic pressure to make pellets. Finely these pellets were analysed 
using FTIR spectrophotometer to determine different kind of bond 
stretching. 

Scanning electron microscopy (SEM)

All the synthesized samples (P1-P11) were coated on carbon tape for 
the analysis. SEM micrographs of samples P1-P11 have been collected 
using scanning electron microscope. SEM model JSM 6490 LV may be 
used under low as well as high vaccum depending on the behaviour of 
the specimens. Low vaccum with low kV (energy) offers the user the 
lengthier duration for scanning the composites, before it is charged and 
the charging of composites was done with platinum source.

Energy-dispersive X-ray (EDX) spectroscopy

It is used to determine the composition of element present in 
the composite material. EDS 133, EV Dry Detector (INCAx-act) of 
OXFORD instruments, UK, were used for analysis, it has improved the 
application range in a way that any metal connected with the polymer 
may be identified and also can be quantified. This instrument is coupled 
with scanning electron microscope.

Cyclic voltammetry

CH instrument 604E USA was used to study the electrochemical 
activity of the composites using three probe systems in aqueous system. 
Cyclic voltammetry technique is used to determine composites on 
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Scheme 5: Synthesis of silver NPs in ionic liquid.
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Scheme 6: Schematic representation for the synthesis of PANI-
CaCO3-Au nanocomposite.

S. No. Sample No. PANI (mg) CaCO3 (mg) 20 mL dispersed 
solution of metal NPs

1 P1   + - -
2 P2 1000 100 Au
3 P3 800 100 Au
4 P4 600 100 Au
5 P5 400 100 Au
6 P6 200 100 Au
7 P7 1000 100 Ag
8 P8 800 100 Ag
9 P9 600 100 Ag

10 P10 400 100 Ag
11 P11 200 100 Ag

Table 1: PANI and its composite with calcium carbonate and Au/Ag NPs.

NH* NNH N *

+

CaCO3

NH* NNH N *

Ag NPs

 

Scheme 7: Schematic representation for the synthesis of PANI-
CaCO3-Ag nanocomposite.
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varying the potential with respect to current. Further, it determines the 
oxidation and reduction of the material.

AC & DC conductivity

AC conductivities of the samples via impedance spectroscopy have 
been determined using electrochemical analyser, CH instrument 604E 
USA at ARSD College, Delhi University. DC conductivity measurements 
were done with Kiethley 236 Current Source-meter at Delhi University.

Antibacterial activity study of PANI-CACO3-Au/Ag NPs

The antibacterial activity of the synthesized composites PANI-
CACO3-Au/Ag NPs were evaluated against Escherichia coli and 
Staphylococcus aureus microorganisms via paper disk diffusion method. 
This process is without a doubt a means of measuring the competence 
of an antibacterial agent against said bacteria. Herein, suspensions of 
the bacteria culture were inoculated and their concentrations attuned 
by comparing with the McFarland turbidity of 0.4-0.5 (1.5 × 108 CFU). 
We have taken Muller-Hinton Agar (MHA) powder to provide a culture 
medium for the growth of the bacterial. Approximately 19 g of agar 
was taken and dissolved in double distilled water (500 mL) and then 
we obtained a clear brown colour solution after boiling of the mixture. 
Further, MHA medium (15 ml) was sterilized at a temperature of 12°C 
for approximately 60 min in the autoclave, then it was cooled to room 
temperature, and then the MHA was poured into sterilized petri-plates 
(10 × 90 mm). Bacteria i.e., E. coli and S. aureus of our interest, was 
cleansed uniformly across a culture plate, while the petri-plates were 
cooled over 24 h. Then, as per the requirement, filter-paper disks were 
placed on the surface of the medium and 40 μl of each concentration 
of PANI-CACO3-Au/Ag NPs samples were dropped over disks to 
investigate antibacterial activity. 

If the composites are active against the mentioned microorganism of 
a known concentration, then colonies of microorganism will not grow. 
If the Concentration in the agar is found greater or equal to the effective 
concentration then this region is known as the zone of inhibition. This 
area or size of zone of inhibition tells the potency of the composites. A 
more potential composite gave more clear area just about the disk of 
filter paper. All the tests against the above mentioned microorganism 
were carried out under laminar flow hood. At last, all the Petri-plates 
having microorganisms and composites were incubated at 37°C for a 
time period of 24 h. Then, study the inhibition zones created around 
each paper disk and usually come in mm. Literature showed indicated 
if the zone of inhibition is >13 mm means strong activity, if 6-12 mm 
then moderate activity, and for 5 nm means weak activity and for <5 
nm, no activity.

Results and Discussion
FTIR spectra

The composite polymers synthesized using PANI-CaCO3-Au/Ag 
NPs have been characterized using FTIR spectroscopic technique. It 
was observed that on decorating PANI with metal NPs, shift in the 
wavenumber for various stretching as mentioned in Table 2 and the 
spectra are given in Figure 1. 

SEM and EDX-micrograph 

In order to evaluate the dispersion of CaCO3 and metal (Au, Ag) 
NPs in the polyaniline matrix, the scanning electron micrograph was 
recorded of PANI-CaCO3-Gold/Silver NPs nanoparticle composites. 
Figure 2 (P1-P11) showed the SEM micrograph of PANI and its 
composites i.e., PANI-CaCO3-Gold/ Silver NPs composites. SEM 
micrograph confirms the good dispersion of CaCO3 particles and Au/
Ag NPs in the polyaniline matrix. An examination of PANI under 
SEM microgram, it is clear that PANI is amorphous with sponge like 
morphology. Incorporation of CaCO3 particles in PANI increases the 
strength of composite materials and decreases the amorphousness 
character.

Incorporation of Au/Ag NPs in the PANI matrix was established 
by Energy dispersive X-ray (EDX spectroscopy). The spectra obtained 
are given with corresponding SEM micrograph which clearly indicates 
the presence of gold/silver NPs in the PANI matrix. The EDX data were 
also given in Table 3.

Cyclic voltammetry analysis

Cyclic Voltammetry analysis of PANI and its composites (P1-
P11) were studied. Cyclic voltammetry is a dynamic electrochemical 
approach, wherein change in current is determined at well-defined 
applied potential which depends on the scan rate, and therefore, the 
current-potential curves have been plotted. The determined oxidation 
potential of an electroactive material relates directly with the ionization 
potential Ip and reduction potential with the electron affinity Ea. Ideally, 
one peak couple signify oxidation and reduction potential should seem 
in the cyclic Voltagram measurement for the Valence Band (VB) and 
the Conduction Band (CB), respectively. The composites were then 
exposed to Cyclic Voltammetry (CV) technique in 0.5 M HCl solution. 
It is known that polyaniline experiences two separate oxidation and 
reduction processes. It is evidently observed to be occurring in the 
films prepared here. The distinct oxidation-reduction responses show 
that the composite is electroactive. The first response is because of 
oxidation-reduction of leucoemeraldine to emeraldine and vice-versa. 
More the range of current more will be the charge-discharge and will 
be more stable.

Sample Stretching bands (Ʋ=cm-1)
P1 3852.9, 3725.9, 3664.6, 3435.9, 3207.4, 2944.9, 2909.9, 2829.0, 2256.8, 1560.9, 1480.5, 1296.3, 1242.3, 1135.0, 879.1, 798.5, 699.4, 594.2, 504.8
P2 3438.4, 3208.7, 2944.8, 2897.1, 2830.9, 1560.6, 1477.2, 1296.8, 1241.4, 1130.0, 878.4, 797.8, 700.9, 592.5, 503.8
P3 3435.9, 2829.0, 1560.9, 1480.5, 1296.3, 1242.3, 879.1, 798.5
P4 3385.8, 2950.9, 1796.1, 1583.0, 1491.5, 1135.2, 867.3, 828.3
P5 3312.1, 2912.9, 1765.3, 1575.1, 1491.5, 1143.0, 875.5, 828.3
P6 33098.5, 29105.5, 1745.1, 1570.8, 1475.9, 11425.9, 858.1, 810.9
P7 3398.2, 2513.3, 1796.6, 1583.6, 1434.0, 1146.7, 875.4, 828.1, 711.4, 512.3
P8 3264.2, 2885.1, 2825.7, 2357.8, 2045.1, 1641.9, 1593.3, 1294.3,1241.3,1125.2,980.5, 877.8, 794.2, 682.9, 643.9, 627.4, 580.5, 563.7, 500.9
P9 3435.7, 2978.5, 2892.3, 2329.8, 2116.6, 1571.5, 1483.3, 1294.9, 1240.9, 1145.0, 878.8, 796.1,700.5, 503.4

P10 3206.6, 2905.4, 2827.5, 2356.2, 1558.8, 1479.0, 1295.8, 1241.4, 1140.0, 878.8, 797.3, 701.1, 592.4, 502.4
P11 3189.0, 2898.5, 2805.8, 2342.7, 1547.0, 1432.9, 1279.9, 1237.6, 1110.6, 854.5, 785.7, 695.0, 585.1, 500.1

Table 2: FTIR data of PANI and its composites (P1-P11).
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AC and DC conductivity measurement

Impedance spectroscopy technique was known to determine the 
AC conductivity of the material using col and col plot. It was found that 
the P7 gave the best conductivity. Impedance (Z) and angle were used 
to determine ZCosϴ and ZSinϴ and by drawing a plot between ZCosϴ 
and ZSinϴ, we get the intercept on x-axis, known as impedance and 
also known as the resistance. Therefore, we can calculate conductivity 
of the compound from:

Resistance=(Resistivity × Length)/(Area)                  (i)

and

Conductivity = 1/Resistivity                 (ii)

In another case, DC conductivity was determined by plotting 
the current v/s voltage as explained in ohm’s law. DC conductivity 
measurements were done using Kiethley 236 Current Source-meter. DC 
and AC conductivity of PANI (P1) and its composite material (P2-P11) 
were compared (Table 4). It was found that the composite materials had 
significant AC conductivity than DC conductivity. On the basis of data 
obtained, it was concluded that these compounds are only frequency 
dependent and are current independent. Conductivity for P7 was found 
out to maximum. It means more the doping with metal NPs, more will 
be the conductivity. 

Antibacterial properties of prepared synthesized PANI-
CACO3-Au/Ag NPs 

In our study, PANI-CACO3-Au/Ag NPs were tested for antibacterial 
activity using E. coli and S. aureus. On treating the microorganism with 
the nanocomposites in the form of solution, their inhibition zones 

were detected. Diameter of the inhibition zones against E. coli and 
S. aureus respectively are mentioned in Table 5. It was observed that 
PANI-CACO3-Au/Ag NPs having different concentration of metal NPs 
showed good antibacterial activity when compared with PANI. 

Metal NPs (Ag & Au) exhibit good antibacterial activity which 
may lead to biomedical applications. The antibacterial activity of Ag 
and Au NPs are dependent on metal NPs how effectively they bind 
and it came to know that Ag and Au NPs binds effectively to electron 
donating groups available on biological macromolecules like sulphur, 
oxygen or nitrogen. At low concentrations of metal NPs, interaction 
of NPs with the cell wall of bacteria decreases and as we increase the 
concentration of metal NPs, the probability of aggregation increases. 
It result the operative surface to volume ratio of NPs and therefore, 
resulting interaction between NPs and the cell wall decrease. 

Conclusion
PANI was prepared from aniline and HCl by means of solution 

mixing using ammonium persulphate as oxidizing agent and catalyst. 
Composites of polyaniline with calcium carbonate and Au/Ag NPs 
were prepared. Nanocomposites of PANI were characterized using 
FTIR, SEM, EDX, electrical conductivity measurement techniques. 
The incorporation of CaCO3 and Au/Ag NPs in polyaniline matrix 
was confirmed by SEM, FT-IR and EDX results. CaCO3 act as binder 
and provide strength to the composite which can be understood by 
SEM microgram. Electrochemical analysis of composite material of 
PANI showed that on decorating with gold/silver NPs, the conducting 
properties increases. It was also found that the composite materials 
had significant AC conductivity than DC conductivity. So we conclude 
that these compounds are frequency dependent and are current 

Figure 1: FTIR spectra of PANI and its composites (P1-P11).
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Figure 2: SEM and EDX picture of samples (P1-P11) as in Table 1.

independent. Conductivity for sample P6 and P11 were found out 
maximum. It means more the doping with metal NPs, more will be the 
conductivity. The results show clearly the good efficiency of synthesized 
polymers in nanoparticle coating because the particle size was obtained 

in the acceptable range of 10-17 nm. The applied method is simple and 
of low cost and does not use many chemicals unlike other methods. 
PANI-CACO3-Au/Ag NPs were tested for antibacterial activity using E. 
coli and S. aureus and showed good antibacterial activity. 
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Table 3: Percentage of Au/Ag NPs in the synthesized composite polymers.

S. No. Sample No. Element Weight% Atomic%
1 P1 - - -
2 P2 Au 8.60 0.68
3 P3 Au 4.44 0.29
4 P4 Au 8.92 0.61
5 P5 Au 11.60 0.82
6 P6 Au 14.95 1.10
7 P7 Ag 3.87 0.48
8 P8 Ag 5.05 0.61
9 P9 Ag 5.50 0.68
10 P10 Ag 5.77 0.71
11 P11 Ag 6.8 0.84

Table 4: Comparison AC and DC conductivity of the samples (P1-P11).

S. No. Samples AC conductivity
(*10-3 mho m-1)

DC conductivity
(*10-10 mho m-1)

1 P1 0.9564 1.4565
2 P2 1.2341 0.0505
3 P3 2.4546 0.0544
4 P4 2.9842 0.0765
5 P5 5.1324 0.1856
6 P6 3.4235 0.1512
7 P7 1.4563 0.0956
8 P8 1.6345 0.1235
9 P9 2.5645 0.1456
10 P10 4.6532 0.2326
11 P11 8.3265 0.4521

Table 5: Inhibition zones obtained from nanocomposites against two pathogenic 
bacteria.

S. No. Samples Samples Average of formed inhibition zones (mm)
Escherichia coli Staphylococcus aureus

1 P1 5 6
2 P2 8 8
3 P3 8 8
4 P4 9 8
5 P5 11 10
6 P6 12 13
7 P7 6 7
8 P8 6 7
9 P9 6 8
10 P10 6 8
11 P11 7 9
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