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Polyaniline protected silver chloride nanoparticles based nanocomposite was synthesized by an 

interfacial polymerization method in which p-aminodiphenylamine was used as phase transfer agent as 

well as aniline source. The solid nanocomposite (AgCl@PANI) was isolated and characterized with 

various instrumental methods such as FT-IR, SEM, EDAX and XRD techniques to understand size and 

shape and the nature of functional group. The electrocatalytic behavior of the AgCl@PANI modified 

GCE was investigated towards the electrochemical oxidation of hydrazine in phosphate buffer medium 

and observed that a significant increases in peak current values at lower oxidation potential (+0.4 V vs. 

Ag wire).  A calibration plot was constructed for the quantitative detection of hydrazine using DPV 

technique in the concentration ranges from 2 - 9 µM. The detection limit (3σ) for hydrazine was found 

to be 2.8 x 10
-7

 M. Similarly the electrocatalytic behaviour of polyaniline stabilised AgCl nanoparticles 

was also investigated on electrochemical reduction of hydrogen peroxide and shows an enhanced 

reduction current with lowering over potential  (-0.75 V vs. Ag wire). Since the AgCl@PANI modified 

GCE exhibit excellent electrocatalytic oxidation and reduction behaviour for the detection of both 

hydrazine and hydrogen peroxide, we have compared these results with the literature reported values. 

Hence the proposed system can be utilised for the detection of both hydrazine and hydrogen peroxide 

in various environmental samples at trace level. 

 

 

Keywords: Silver chloride nanoparticles, Polyaniline, Interfacial polymerization, Electrocatalytic 

oxidation of hydrazine, Electrocatalytic reduction of hydrogen peroxide 

 

 

1. INTRODUCTION 

 

The synthesis of a conductive nanocomposite of metal nanoparticles dispersed conducting 

polymers has received much attention in recent days because of their inherent optical and electronic 
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properties [1]. Among other conducting polymer nanocomposites, silver nanoparticles based 

nanocomposites were widely used in catalysis [2], conductive ink [3-5] and substrate for Raman 

spectral studies [6-8]. Nanocomposites derived from gold and silver nanoparticles dispersed in 

polyaniline are particularly important due to their excellent electrocatalytic properties [9], sensors [10] 

and fuel cell [11] applications. The polyaniline stabilized silver nanoparticles have been synthesized in 

various methods including wet chemical method [12], microemulsion route [13], interfacial 

polymerization [14] and electrochemical method [15]. The important advantage of the interfacial 

polymerization method is a slow oxidation of monomer or oligomer taken place at the interfacial of the 

meeting point wherein the oxidizing agent is mostly dispersed in aqueous medium whereas the 

respective monomer is placed in organic medium. The influence of various experimental parameters 

which affect the polymerization reaction such as solvent polarity, pH of the medium and addition of 

reaction intermediates have been investigated recently by many research groups. Recently we 

demonstrated a novel methodology for the synthesis of aniline oligomers such as dimer, tetramer and 

octamer as starting materials instead of aniline as monomer to synthesis oligoaniline or polyaniline 

protected metal nanocomposites [16, 17]. The purpose of using oligomer as starting material is to 

control the oxidation rate and is freely soluble in organic solvents. By this interfacial polymerization 

technique one can able to synthesis polyaniline stabilized metal nanoparticles composites with various 

size and shapes and high conductivity nanocomposite film. 

In the present investigation, we attempted to synthesize polyaniline protected silver 

nanoparticle nanocomposite by interfacial polymerization method in which chemical oxidative 

polymerization reaction takes place at the interface where meeting point of the monomer and the 

aqueous AgNO3 as oxidizing agent. Because of slow diffusion of oxidizing agent from aqueous to 

organic phases the oxidative polymerization occurs in a controlled manner [17]. In the present case 

aniline dimer is used as monomer instead of aniline because of its lower oxidation potential when 

compared with aniline and the silver nitrate was used as oxidizing agent without addition of any 

external oxidizing agent. It is well known that both aniline and dimer aniline acts as very good 

reducing agent [18]. The oxidative polymerizations of aniline and its oligomer using silver nitrate as 

oxidizing agent by an interfacial polymerization route which lead to the formation of polyaniline 

protected silver nanoparticles have been demonstrated recently. The present study is unique because 

the AgCl@PANI nanocomposite was formed under acidic medium during the addition of aqueous 

solution of AgNO3 to aniline dimer in 1M HCl medium without the aid of any other chemical species. 

Under acidic condition the polyaniline shape was manipulated as spherical in shape instead of fibril 

nature of the nanocomposite as described earlier [19]. Recently a few reports are available in the 

literature on the synthesis of polyaniline stabilized silver chloride nanoparticles by chemical oxidative 

polymerization method with a complex multistage preparation procedure. Here we report a simple 

single pot interfacial polymerization method for the synthesis of uniform size polyaniline stabilized 

silver chloride nanoparticles. 

It has been reported that AgCl@PANI core-shell nanocomposites were synthesized in the 

presence of polyvinylpyrrolidone (PVP) which was easily soluble in aqueous medium that 

nanocomposite modified have been utilized for the selective determination of dopamine in presence of 

ascorbic acid in wide ranges of pH of the medium and also such film are conductive in nature [20]. 
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Later a similar kind of polyaniline stabilized silver chloride nanocomposite film modified electrode has 

been utilized for the construction of glucose oxidase biosensor for the detection of glucose in 

biological samples [21]. The aim of our present study is to demonstrate the application of 

AgCl@PANI on the electrocatalytic detection of hydrazine and hydrogen peroxide. 

Hydrazine has been recognized as a neurotoxin, producing carcinogenic and mutagenic [22] 

effects. Due to the toxic nature of hydrazine, it induces vomiting, severe irritation in the respiratory 

tract and affects the central nervous system when exposed for long-term. Hence a sensitive and reliable 

method is required for determination of hydrazine at trace level. Many methods have been employed 

for the determination of hydrazine including spectrophotometry [23], fluorimetry [24], 

chromatography [25] and capillary electrophoresis [26]. Among these techniques, electrochemical 

method is found to be more efficient and simple for determination of hydrazine.  Similarly the 

detection of hydrogen peroxide is also equally considerable, because of its great importance in the field 

of chemistry [27], biology [28], clinical control [29] and environmental protection [30]. Although 

various methods have been reported in the literature for the detection of hydrogen peroxide, the 

electrochemical method is considered to be simple, inexpensive and sensitive method. Here we are 

reporting the use of polyaniline stabilized AgCl nanoparticles modified electrode for the 

electrochemical detection of both hydrazine and hydrogen peroxide at trace level. 

 

 

 

2. EXPERIMENTAL SECTION 

2.1. Chemicals 

All reagents used in this work were of analytical reagent grade and used as received. Aniline 

dimer (p-aminodiphenylamine) was obtained from Sigma Aldrich (Bangalore, India). Hydrazinium 

sulfate and hydrogen peroxide (30 % w/v) were received from commercial sources. Hydrochloric acid 

(37%) and Silver nitrate (AgNO3) used as silver precursor, was obtained from Merck.  

 

2.2. Instrumental Methods 

2.2.1. FT-IR Spectroscopy 

FT-IR spectra were recorded using a Perkin-Elmer 360 model IR double beam 

spectrophotometer (USA). The spectra were collected from 4000 to 400 cm
-1

 with 4 cm
-1

 resolution 

over 32 scans. The samples were prepared with KBr pellets. 

 

2.2.2. Powder X-ray diffraction analysis 

The X-ray diffractogram of the prepared sample (AgCl@PANI) was investigated by XRD. The 

XRD patterns with diffraction intensity versus 2θ were recorded in a JSO Debye Flex 2002 Seifert 
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diffractometer using Cu Kα radiation(λ=1.5406 Å) from 10 to 80° at a scanning speed of 1°min
-1

.       

X-ray tube voltage and current were set at 40 kV and 40 mA, respectively.   

 

2.2.3. Scanning Electron Microscopy 

Scanning electron microscopy (SEM) was used to characterize the morphological and structural 

information of the product. This was carried out with field emission JEOL-JSM-6360 instrument, 

USA. In a typical measurement, a small amount of sample powder was adhered onto a copper stub 

using double-sided carbon tape. The sample was then sputtered with platinum to reduce charging 

effect. The elemental compositions of the prepared AgCl@PANI were estimated using energy 

dispersive X-ray (EDAX) studies. 

 

2.2.4. Cyclic voltammeter  

The CV experiment was carried out using CHI 660A electrochemical instrument, USA and 

Gamry model 330, USA. A three electrodes system with a single compartment cell system was used 

for all electrochemical studies. A platinum wire and a glassy carbon (GCE) electrode (3 mm dia) were 

used as counter and working electrode respectively. A silver wire is used as quasi-reference electrode 

whose potential was calibrated against Ag/AgCl (satd. KCl). All solutions were purged with nitrogen 

gas before doing all experiments. Bioanalytical system (BAS, USA) polishing kit was used to polish 

the GCE surface. 

 

2.3. Preparation of AgCl@PANI 

Polyaniline stabilized AgCl nanoparticles were prepared by using aniline dimer as a reducing 

agent at the interface of the aqueous and organic media. An aniline dimer – toluene solution was added 

to an aqueous 0.01M AgNO3 solution (10 ml of 1M HCl) with 1.6:1 molar ratio of aniline dimer to 

AgNO3 and the reaction mixture was allowed to stand under dark condition without stirring.  After two 

days the organic and aqueous phase were separated and the resulting AgCl@PANI nanoparticles were 

isolated by centrifugation, washed many times with acetone and dried under vacuum. 

 

2.4. Preparation of AgCl@PANI modified GCE 

The surface of the GCE was cleaned first mechanically by polishing with 500 micron alumina 

powder, washing with DD water and then sonicated for 5 min with ethanol and DD water. Then it is 

dried using stream of high purity nitrogen gas. The GCE substrate was modified with a paste of 

AgCl@PANI suspension and then dried well at room temperature. Thus AgCl@PANI modified GCE 

was prepared for electrochemical experiments.  
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3. RESULTS AND DISCUSSION 

3.1. Synthesis and characterization of polyaniline stabilized AgCl nanoparticles 

 
 

Figure 1. SEM images of polyaniline protected silver chloride nanoparticles with different 

magnification. 

 

 

 

 

Figure 2. EDAX spectrum of polyaniline protected silver chloride nanoparticles. 
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A typical SEM image of the AgCl@PANI is shown in Fig.1 in which the product exhibits a 

spherical shape with size ranging from 100 to 200 nm. The presence of each element in AgCl@PANI 

samples was examined by using EDAX. The resulting graph was shown in Fig.2 and from the EDAX 

analysis the percentage composition of each element can be calculated. The XRD pattern of the 

polyaniline stabilized silver chloride nanoparticles is shown in Fig.3.  

 

 

 

 

 

 

 

 

 

 

Figure 3. XRD pattern of polyaniline protected AgCl nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. FT-IR spectrum of polyaniline protected AgCl nanoparticles 
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Bragg’s reflection from (111), (200), (220), (311), (222) and (400) of AgCl. The XRD pattern of 

AgCl@PANI system is exactly matching with the XRD pattern of AgCl reported in the literature 

(JCPDS File No. 06-0480). Instead of getting the broad XRD pattern for the nanocrystalline silver 

chloride we observed a narrow line shaped peaks which could be due to the bigger size silver chloride 

particles present in the nanocomposite.  The FT-IR spectrum of AgCl@PANI is shown in Fig. 4. The 

broad peak around 3469 cm
-1

 shows the N-H stretching of benzenoid ring present in the polyaniline 

backbone whereas  the bands at 1597 and 1511 cm
-1

 are attributed to C=N and C=C stretching mode of 

vibration for the quinonoid and benzenoid units of PANI. The peak at 1158 cm
-1

 shows the 

combination modes of benzenoid and quinonoid unit. The peak at 1310 cm
-1

 is assigned for the C-N 

stretching of PANI [32]. A sharp peak at 819 cm
-1

 is assigned to C–H out of the plane bending of the 

para substituted benzene rings. For a comparison, the FT-IR spectrum of pure PANI which was 

synthesised by chemical oxidative polymerization method and AgCl@PANI were presented in a single 

graph. 

 

3.2. Electrochemical behaviour of AgCl@PANI nanocomposite 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cyclic Voltammogram of (a) bare (b) Hz/GCE (c) Hz/AgCl@PANI/GCE in 0.1 M Phosphate 

buffer solution (pH 7.5) at a scan rate of 50 mV/s. Inset shows the cyclic voltammogram of 

AgCl@PANI in 0.1M Phosphate buffer solution at a scan rate of 50mVs
-1

. 

 

The electrochemical behaviour of polyaniline stabilized AgCl nanoparticles is carried out using 

0.1M phosphate buffer solution and the resulting CV response is shown in Fig. 5 (inset Fig). A 

reduction peak was observed at -0.11 V vs. Ag wire whereas two oxidation peaks (Epa (I) and Epa (II)) 

were observed during the reverse scan. The peak potential of +0.09V vs. Ag wire is assigned for the 

oxidation of the zero valent silver nanoparticles (Ag (0) to Ag (I)). The results are consistent with the 

literature reported results [33]. The cyclic voltammogram was recorded at various scan rates under 
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identical experimental conditions. The electrocatalytic oxidation and reduction behavior of the 

AgCl@PANI nanocomposite is described in the following paragraphs. 

 

3.3. Electrocatalytic oxidation of Hydrazine 

The electrocatalytic behaviour of polyaniline stabilized silver nanoparticles was tested towards 

the electrocatalytic oxidation of hydrazine. Since silver nanoparticles have shown enhanced activity 

towards oxidation of hydrazine recently, we have utilized the polyaniline stabilized silver chloride 

nanoparticles for the electrochemical oxidation of hydrazine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The effect of concentration on electrochemical oxidation of hydrazine (1.3 – 6.6mM) on 

AgCl@PANI modified GCE in N2 saturated 0.1 M Phosphate buffer solution at a scan rate of 

50 mVs
-1

. Inset shows the plot of anodic peak current against concentration of hydrazine. 

 

As shown in Fig 6 the oxidation peak was observed at +0.48V vs. Ag wire when the addition of 

hydrazine to the electrolyte solution. Compared to bare GCE, the peak current increased abruptly for 

oxidation of hydrazine when AgCl@PANI modified GCE was used. This is due to the facile electron 

transfer reaction taking place when the electrode is modified with AgCl@PANI. Hence these kind of 

modified electrodes are used for the trace level detection of hydrazine present in various sources.      

Fig. 6 shows the cyclic voltammogram for the electrocatalytic oxidation of hydrazine at AgCl@PANI 

modified GCE for various concentrations of hydrazine (20 – 100 µL). The graph shows the calibration 

plot for peak current against the concentration of hydrazine. A linear response was observed in the 

concentration range of 1.3 – 6.6 mM of hydrazine with linear correlation coefficient of 0.985. Table 1 

provides detailed information about the comparison data for the present data with all recently reported 

literature results. 
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Table 1. Comparison of electrocatalytic detection of hydrazine with various types of modified 

electrode systems. 

 

Electrode System 

 

  pH Conc. Ranges Detection 

limit 

Ref. 

Pd/CILE 7.0 5 – 800 µM 0.82 µM 34 

ZnO 7.0 0.1 - 1 µM 147.54 nM.   35 

ZnO/MWCNT 7.4 0.5 – 1800 µM 0.15 µM   36 

CoHCF@TNT 6.9 0.5 - 2.5 mM 1x10
-3

M   37 

CeHCF/Mesoporous 

Carbon 

1.5 1  - 163 µM -   38 

Ni(II)-bicalein 

complex/MWCNT 

13.0 0.2 - 2.5 mM 0.8 µM   39 

CFA/GCE 7.5 0.01 - 2.0 mM 0.4 µM   40 

NiHCF@TiO2 NPs 8.0 0.2 - 1 µM 1.1 x 10
-7

M 41 

AgCl@PANI/GCE 7.5 2 - 9 µM 2.8 x 10
-7

M Present 

work 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The effect of scan rate on electrochemical oxidation of hydrazine on AgCl@PANI modified 

GCE in N2 saturated 0.1M Phosphate buffer solution (pH 7.5) at different scan rates              

(20 - 100 mVs
-1

). Inset shows the plot of anodic peak current against different scan rates. 
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Figure 8. The electrochemical oxidation of hydrazine on AgCl@PANI modified GCE in N2 saturated 

0.1 M Phosphate buffer solution (pH 7.5) at different pH ((a) 11.0 (b) 7.5(c) 1.0 (d) 5.0).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Differential pulse voltammograms for different concentrations of hydrazine on AgCl@PANI  

modified GCE in N2 saturated 0.1 M Phosphate buffer solution (pH 8.0) containing (1).2.0, 

(2).3.0, (3).4.0, (4).5.0, (5).6.0 and (6).9.0 μM of Hydrazine. Inset: Plot of the peak currents as 

a function of concentration of hydrazine. 
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Figure 10. Amperometric behavior of hydrazine on AgCl@PANI  modified GCE in 0.1M Phosphate 

buffer solution (pH 8.0) for successive addition of hydrazine (20µL) with an applied potential 

of +0.45V vs. Ag wire. Inset shows the plot of current response against the conc. of hydrazine 

added each time. 
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detection limit (3σ) was found to be 2.8 × 10
-7 

M. The amperometric behaviour of hydrazine oxidation 

using AgCl@PANI modified GCE is shown in Fig 10. The oxidation potential was fixed at +0.45 V 

vs. Ag wire. The resulting current response was plotted against concentration of hydrazine and the 

resident time was maintained about 250 s. From the linear calibration graph and the concentration 

range we can exploit the system for the detection of hydrazine in various samples under identical 

experimental condition. 
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concentration of hydrogen peroxide is due to the efficient electron transfer behavior of the 

AgCl@PANI nanocomposite system. The graph shows the calibration plot for peak current against the 

concentration of hydrogen peroxide (inset in Fig. 11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Cyclic Voltammogram for the electrochemical reduction of hydrogen peroxide on 

AgCl@PANI modified GCE in N2 saturated 0.1 M Phosphate buffer solution (pH 7.5) at a scan 

rate of 50 mVs
-1

. Inset shows the plot of cathodic peak current against concentration of 

hydrogen peroxide. 

 

A linear current response was observed in the concentration ranges of 1.3–10 mM of hydrogen 

peroxide with a linear correlation coefficient of 0.992. Table 2 gave a comparison data with respect to 

the other reported literature results.  
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Ref. 
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4. CONCLUSION 

In summary, we have succeeded in preparation of spherical shaped polyaniline stabilized silver 

chloride nanoparticles through interfacial polymerization method. The formation of spherical shaped 

AgCl@PANI nanoparticles was confirmed with SEM, EDAX, XRD and FT-IR. The electrochemical 

behaviour of the AgCl@PANI nanoparticles was tested towards the electrochemical oxidation of 

hydrazine and reduction of hydrogen peroxide. A linear response was observed for both hydrazine and 

hydrogen peroxide in the concentration range of 1-9 µM to 1.3-10 mM with the linear coefficient of 

0.985 and 0.992 respectively. The detection limit for hydrazine was found to be 2.8 × 10
-7 

M. The 

electrochemical behaviour of such a novel nanoparticles system is in progress in our laboratory.  
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