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Silver nanoparticles (Ag-Nps) decorated conducting copolymers of aniline and pyrrole monomers [poly (aniline -co- 
pyrrole)] have been synthesized through a simple in-situ chemical oxidative co-polymerization. The formation and 
characteristics of poly (aniline -co- pyrrole)-Ag have been confirmed using microscopic and spectroscopic techniques. The 
synthesized nanocomposite has been characterized using scanning electron microscopy, fourier transform infra-red 
spectroscopy, RAMAN spectroscopy, X-ray diffraction, thermogravimetric analysis and UV-Visible spectroscopy have been 
used to identify the phase, morphology and thermal stability. The composite has been used to modify the glassy carbon 
electrode to obtain poly (aniline -co- pyrrole)-Ag/ GCE. Cyclic voltammetry and square wave voltammetry have been used 
for the electrochemical sensing of uric acid. The modified GC electrode has shown an excellent electrocatalytic oxidation of 
uric acid to allantoin at neutral pH of phosphate buffer solution. The proposed sensor thus involves simple fabrication with 
high accuracy and sensitivity. 
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2,4,6 – Trihydroxy purine (uric acid), an end product of 
the purine metabolism, is present in biological fluids in 
the form of urine and serum at a range of 200–450 µM1. 
The elevated level of uric acid is indicated by diseases 
such as arthritis, gout, metabolic syndrome, 
hypertension and cardiovascular disorder whereas, 
hypouricemia (i.e)., low level of uric acid in the human 
body, may direct to Parkinson’s disease. Hence, balance 
of uric acid in biological matrices is an important sign in 
human physiological processes2. Consequently, precise 
estimation of urate level is significant in the early stage 
of diagnosis and therapy. Accordingly for fast response, 
simple method and accurate assessment, the 
electrochemical approach has been preferred among 
various analytical techniques3. However, due to the 
overlapping of the oxidation potential of uric acid to that 
of the bare electrode, the explicit determination of uric 
acid is vital. Therefore, it is essential to fabricate 
electrodes that are more sensitive towards uric acid 
analyte than the glassy carbon electrode4. 

Subsequently, to pick a foremost electrocatalyst with 
great influence in view of its stability, charge transfer and 
reproducibility is formidable5-10.UA sensors have been 
designed by modifying the electrode surface through 
polymer-based materials, binary or ternary 
nanocomposites, biological molecules etc11. Recently, 

polyaniline/ironoxide-tin oxide/reduced graphene oxide, 
2D-titanium carbide (MXene), silver doped iron oxide 
nanocomposite coupled with polyaniline, Ag-doped 
PANI nanocomposites, gold nanoparticles on polyaniline, 
CuBi2O4 films, Co3O4-ERGO nanocomposite, metal-
organic frameworks have got fascinating recognition 
among researchers in electrochemical studies12-18. Amidst 
these materials, conducting polymers have come to light 
in the sensing platform to meet the high demands for 
electrochemical detection19-24. 

The preamble of conducting polymers has been due 
to the intense physical and electroconductive property 
that can essentially transfer electric charge produced 
during a biochemical reaction25. Generally, conducting 
polymers such as PANI, polypyrrole (Ppy), and 
poly(3,4-ethylenedioxythiophene) (PEDOT) are widely 
accepted for electrochemical applications on account of 
their distinct properties26. Among which, PANI and Ppy 
have supercilious consideration due to their π conjugated 
electron systems, that promote molecule immobilization 
owing to the groups that are present in the polymer 
structure that are oppositely charged to those that are 
present in the detected analyte27. Polyaniline is well 
known for its non-toxicity, low cost, highly conductive, 
corrosion resistant as well as pronounced shelf life of the 
electrodes with intense redox properties28. Similarly, 
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Ppycontributes speed, accuracy especially to anionic 
species like urate and ascorbate because of its sensitivity 
against the interferents present in the medium29. 
Moreover, conducting polymers are very promising 
materials for bioanalytical application (designing a 
biosensor, for rechargeable batteries, corrosion 
prevention, fuel cell, supercapacitors, microwave 
absorption30-35 etc.) 

Co-polymerization is known to be an easy and 
powerful method for obtaining polymer with desired 
properties, and are thus widely used in the production 
of commercial polymers including fundamental 
investigation of structural-property relationships36. 
Eventually, to enhance the stability of the copolymer, it 
is often functionalized or incorporated with 
nanoparticles. In this study, silver nanoparticles were 
doped on to poly(aniline-copyrrole). It has excellent 
electrical conductivity that paves way for efficient 
electron transfer with good surface area37. So, silver 
nanoparticles based electrochemical sensors are 
suggested for the detection of uric acid. Though there 
were many reports for electrochmeical sensing of uric 
acid using polyaniline, polypyrrole and silver decorated 
polyaniline and polypyrrole separately, the composite 
derived using poly(aniline-co-pyrrole) and silver 
nanoparticle has not been attempted so far. The 
copolymer is also conducting well and hence it can 
very well capture electrons from the analyte and 
transfer the same to the electrode. Thus, in this present 
work aniline and pyrrole were copolymerized by 
oxidative chemical copolymerization for the 
immobilization of silver nanoparticles. Then 
poly(aniline-co-pyrrole)/AgNps were characterized 
using Fourier transform infrared spectroscopy (FTIR), 
scanning electron microscopy (SEM), RAMAN, UV–
Visible spectroscopy and XRD, and the as-synthesized 
nanocomposites were pasted on GCE to obtain the 
Poly(Aniline-co-pyrrole)/AgNps/GCE. The efficiency 
of the modified GCE was tested for the electrocatalytic 
oxidation of Uric acid through cyclic voltammetry 
(CV) and square wave voltammetry (SWV). The
fabricated sensor showed low limit of detection (LOD)
equal to 0.953 µM. The results showed high
Electrocatalytic behaviour for poly(aniline-co-
pyrrole)/AgNps/GCE under experimental conditions.

Experimental Section 

Materials 
Silver nitrate (AgNO3), Sodium carbonate (Na2CO3), 

aniline (C6H5NH2), pyrrole (C4H5N), ammonium per 

sulphate ((NH4)2S2O8), sodium borohydride (NaBH4), 
hydrochloric acid, uric acid was purchased from Sigma-
Aldrich and used as received. A phosphate buffer 
solution (PBS) of different pH was prepared with 
appropriate amounts of sodium phosphate monobasic 
dihydrate (NaH2PO4.2H2O), sodium phosphate dibasic 
dihydrate (Na2HPO4.2H2O), and adjusted with 0.1 M 
(phosphoric acid) H3PO4 or sodium hydroxide (NaOH). 
All other chemicals used were of analytical grade. 

Preparation of poly(Aniline-co-Pyrrole)/AgNps 
The poly(aniline-co-pyrrole)/AgNps were prepared 

through an in situ chemical oxidative polymerization 
of aniline and pyrrole monomers at 1:1 molar ratio. 
Initially, 0.01M of the monomers were dispersed in 
0.1M HCl at 0-5C under vigorous stirring for 1 h to 
obtain a uniform mixture. To the above mixture 
25 mL of aqueous ammonium persulphate was added 
dropwise to initiate polymerization. The reaction was 
maintained at 0C for 12h. The powdered precipitate 
was filtered and washed several times with distilled 
water until a neutral pH was reached for the filtrate. 
The moist precipitate on drying yielded the 
poly(aniline-co-pyrrole). The synthesis of the 
conducting copolymer is shown in Fig. 1. However, 
for the preparation of poly(aniline-co-pyrrole)/AgNps, 
the moist precipitate was dispersed in 100 mL of 
distilled water to which 0.01 M of AgNO3 was added 
dropwise.  It was stirred for 1 h and the solution is 
labelled A. Then, 0.01 M NaBH4 was labelled 
solution B, was added in drops to solution A and the 
stirring continued for 3h. Ultimately the prepared 
composite was centrifuged, washed with distilled 
water and ethanol followed by drying at 60C 
overnight. 

Fig. 1 ─ Synthesis of the conducting copolymer [poly(aniline-co-
pyrrole). 
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Fabrication of Poly(aniline-co-pyrrole)/Ag on to GC electrode 
Preceding to the modification of the glassy carbon 

electrode, the nanocomposite was initially dispersed in 
ethanol and ultrasonicated. After dispersion, about 5 µL 
of the composite was drop casted on to the GC 
electrode. Thus, the acquired modified GCE was dried at 
room temperature. Eventually, the modified GCE was 
used for electrochemical determination of uric acid. 

Figure 2 exhibits the schematic representation for the 
synthesis and fabrication of Poly(aniline-co-pyrrole)/Ag 
nanocomposite on glassy carbon electrode. 

Results and Discussion 

Characteristics of morphology 
Figures 3(a) and 3(b) display the morphology of 

poly(aniline-co-pyrrole). The average particle size 

Fig. 2 ─ Schematic representation for the synthesis of poly(aniline-co-pyrrole)/Ag/GCE. 

Fig. 3 ─ SEM image of (a & b) poly(aniline-co-pyrrole) and(c & d) poly(aniline-co-pyrrole)/Ag. 
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varied from 200-225 nm.  The SEM images of poly-
(aniline-co-pyrrole)/AgNps are shown in Figs 3(c) 
and 3(d), the light spots correspond to the silver 
nanopartcle while the dark ones are the copolymer 
matrix. This confirms the fabrication of silver 
nanoparticles on to the copolymer units. 

FT-IR Spectroscopy 
The FT-IR spectra of poly(aniline-co-pyrrole) and 

Poly(aniline-co-pyrrole)/AgNps are shown in Fig. 4. 
The peaks at 3734 and 3427 cm-1 are due to N-H 
stretching vibrations. The C=N yielded a sharp intense 
peak at 1573 cm-1. The C-N vibration occurred at 1384 
cm-1. The group of peaks between 1000 and 1300 cm-1 

are due to N-H bending and pyrrole ring vibrations.
The peaks below 1000 cm-1 are due to aromatic -CH
bending vibrations. The FT-IR spectrum of
poly(aniline-co-pyrrole)/AgNps showed more intense
peaks, particularly C=N and N-H stretching vibrations,
than the poly(aniline-co-pyrrole). The incorporation of
Ag nanoparticle facilitates extension of quinonoid
chains and so the intensity of the peak at 1579 cm-1

increased. But the peak is shifted towards higher
energy than that of poly(aniline-co-pyrrole). It
indicates bonding of pyrrole nitrogen lone pair with
silver nanoparticles. Such bonding decreases nitrogen
lone pair delocalization and strengthening the bond of
quinonoid rings.

X-ray diffraction (XRD) analysis
The X-ray diffraction pattern of poly(aniline-co-

pyrrole)/Ag is shown in Fig. 5. The peaks at 2θ=37.0o, 
43.1o, 62.8o and 74.9oare due to silver nanoparticles, 
and they are indexed to (111), (200), (220) and (311). 
The peak at 29.3o2θ is due to the polymer. 

Raman spectral studies 
The raman spectra of poly(aniline-co-pyrrole) and 

poly(aniline-co-pyrrole)/Ag are shown in Fig. 6. The 
peaks at 1364 and 1556 cm-1 are due to C-N and C=N 
vibrations of the polymer chain. A peak around 600 
cm-1 appeared in the composite but not in the
copolymer, it is due to the activation of C-H bending
vibration by silver nanoparticles. The increase in the

Fig. 4 ─ FT-IR spectrum of poly(aniline-co-pyrrole) and
poly(aniline-co-pyrrole)/Ag. 

Fig. 5 ─ X-ray diffraction pattern of Poly(aniline-co-pyrrole)/Ag. 

Fig. 6 ─ Raman Spectra of Poly(aniline-co-pyrrole) and 
Poly(aniline-co-pyrrole)/Ag. 
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intensity of the peaks between 1100 – 1800 cm-1 of 
the composite illustrates extensive delocalization of 
the π electronic cloud due to the addition of silver 
nanoparticles, as discussed in the FT-IR analysis. 

UV-Visible spectra 
The UV – Visible spectra of Poly(aniline-co-

pyrrole)/Ag is shown in Fig. 7. The absorbance 
extends from near infrared to the end of visible 
region. It is due to π-π* transition in the composite. It 
confirms conjugation of the quinonoid rings.  

TGA studies 
The results of the thermogravimetric analysis of the 

composite are shown in Fig. 8. The analysis was 
carried out between 25 and 500C in nitrogen at a 
heating rate of 1C/min. The initial weight loss below 
100C is due to the desorption of water. The 
subsequent weight loss which started around 150C is 
due to the degradation and desorption of the polymer. 
The degradation occurred from 150 – 500C. 

Electrocatalytic activity of poly(aniline-co-pyrrole)/Ag for the 
detection of uric acid 

The square wave voltammetry and cyclic voltammetry 
were applied for the electrochemical detection of UA 
using the composite modified GC electrode and the 
corresponding electron transfer mechanism for the 
oxidation of uric acid is represented in Fig. 9. The 
analysis was carried out at pH 5.8-8.5 in a phosphate 
buffer medium. On comparing the voltammograms for 
with and without the analyte it was observed that 
modified Poly(aniline-co-pyrrole)/Ag/GCE, with and 
without uric acid at pH 7, the oxidation current of 
poly(aniline-co-pyrrole)/Ag/GCE with uric acid was 
higher than that of the modified electrode without uric 
acid. The corresponding cyclic voltammo-grams are 
shown in Fig. 10. This confirms that Poly(aniline-co-
pyrrole)/Ag/GCE as active towards the oxidation of 
uric acid. 

Effect of pH 
The effect of pH on the electrochemical behaviour 

of uric acid on poly(aniline-co-pyrrole)/Ag/GCE was 

Fig. 8 ─ GA plot of poly(aniline-co-pyrrole)/Ag. Fig. 7 ─ UV-Visible spectrum of poly(aniline-co-pyrrole)/Ag. 

Fig. 9 ─
 Electrochemical oxidation of uric acid. 
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monitored from 5.8 – 8.5 and the results are shown in 
Fig. 11. An intense oxidation peak was observed at 
pH 7 at a lower potential of 0.6V. The oxidation of 
uric acid does not occur with equal number of proton 
and electron transfer at poly(aniline-co-pyrrole)/ 
Ag/GCE. It was confirmed by the Nernstian slope 

value at -14 mV. For the plot of pH versus Epa at 
0.1M PBS, the linear regression equation is: 

Eo
1/2 (mV) = -14 + 0.70908 (correlation coefficient γ = 

0.9884) … (1)

Effect of scan rate 
Scan rate for the electrochemical oxidation of uric 

acid on poly(aniline-co-pyrrole)/Ag/GCE was 
examined through CV and the cyclic voltammograms 
are shown in Fig. 12. The oxidaion current increases 
with increase in scan rate from 5–700 mV. The linear 
relationship for the double logrithimic plot between 
frequency and current at 0.1M PBS suggests that the 
reaction is adsorption controlled with slope vaule is 
0.77574. It followed the following linear regression 
equation:  

Ipa = 3.67387x10-7 (v1/2) + 6.86627 (R2 = 0.99465)  ... (2) 

Effect of concentration 
The electrochemical oxidation of uric acid was 

carried out for bare GCE as well as for poly(aniline-co-
pyrrole)/Ag/GCE in 0.1M PBS at a scan rate of 50 mVs-1. 
The corresponding cyclic voltammograms are 
shown in Fig. 13. No peak was  observed for the bare 

Fig. 10 —
 Cyclic voltagramms of (a) Poly(aniline-co-pyrrole)/Ag

and (b)1 mM UA at poly(aniline-co-pyrrole)/Ag/GCE.
Scan rate: 50 mV/s (PBS=0.1M, pH: 7). 

Fig. 11 — Cyclic voltammogram for the oxidation of uric acid with poly(aniline-co-pyrrole)/Ag in 0.1M PBS at different pH; (b) Plot of 
E1/2 of Ep versus pH and (c) Plot of pH versus peak current. 
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GC electrode. Thus, to overcome this poor 
electrochemical activity, the modified GCE was 
used. At the anodic peak potential 0.6 V, the 
oxidation current increased with increase in 
the concentration of uric acid and the linear 

concentration range was found to be 0.6622–7.975 µM 
whose limit of detection (LOD) and limit of 
quantification (LOQ) was equal to 0.953 µM and 
3.177 µM, respectively with a sensitivity 0.0873 
µA/µM. 

Fig.12 ─ Effect of scan rate for the oxidation of uric acid (PBS: 0.1M; pH: 7) with poly(aniline-co-pyrrole)/Ag; (b) Plot of oxidation peak 
current versus square root of scan rate and (c) Double logrithimic plot of logv versus log Ip. 

Fig. 13 — Cyclic voltagramms for the oxidation of uric acid with poly(aniline-co-pyrrole)/Ag at different concentrations 
PBS: 0.1M; Scan rate: 50 mVs-1 and (b) Calibration plot for concentration versus Current. 
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Effect of frequency 
The square wave voltammetric technique was 

utilized for evaluating the elctrochemical behaviour of 
uric acid on poly(aniline-co-pyrrole)/Ag/GCE. With 
increase in frequency from 5 – 80 Hz the resulting 
square wave voltagramms for the modified electrode 
are shown in Fig. 14. On increasing the frequency 
there is an increase in the anodic peak current. The 
linear relationship between log f and log current 
proves that the reaction is adsorption controlled with a 
slope 2.0600. The resulting linear regression  
equation is:  
 
Ipa = 5.02161x10-8 V1/2 + 1.4832x10-6 (R2 = 0.99063) ... (3) 
 
Conculsion 

Silver nanoparticles decorated co-polymer has been 
synthesized through in situ chemical oxidation with 
aniline and pyrrole monomers. Time saving, simple 

pretreatment procedures have been used for the 
modification of GC electrode. It established accurate 
assesment with favourable electrocatalytic 
performance for the detection of uric acid. After 
arriving at the optimum condition, poly(aniline-co-
pyrrole)/Ag/GCE provided a linear range of  
0.6622–7.975 µM. From the linear regression 
equation, it is verified that the electrochemical 
determination of uric acid is adsorption controlled 
whose R2 and slope values were 0.99958 and 0.77574, 
respectively. Thus, the modified electrode could be 
exploited for the elctrochemical sensing of other 
active components of biological fluids.  
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Fig. 14— (a) Effect of frequency for the oxidation of uric acid (PBS: 0.1M; pH: 7) with poly(aniline-co-pyrrole)/Ag; (b) Plot of 
oxidation peak current versus frequency and (c) Double logrithimic plot of logf versus. log Ip 
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