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ABSTRACT : The formation of Ag nano particles using PVP (polyvinylpyrrolidone) as 
stabilizer to limit the growth of particles have been prepared by thermal process then coated 
by PANI (polyaniline) 'in situ' encapsulation chemical method, in which PANI was synthesized 
from its aniline monomer in the presence of sulfuric acid at 5°C. The objective of fabricating 
Ag/ PVP coated with PANI was to improve the solubility of PANI in organic solvents. The 
morphology of Ag/PANI nanocomposites was studied using TEM and SEM which showed 
that the particle size increased with increasing Ag concentration in the composite, owing to 
the aggregation effect. FT-IR spectroscopy and Energy Dispersion X-ray (EDX) have been 
used to characterize the resulting materials. The results showed that the presence of Ag 
nanoparticles in the composite has no effect on the formation of PANI (ES) form. The scope 
of our study was achieved by producing partially soluble and conductive PANI and Ag/PAN I 
core-shell, 15 mg/ 10 ml, 20 mg/ 10 ml and 2.6x 10-3 S/cm, 1.1x 10-3 Siem, respectively. 
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INTRODUCTION 

There is much interest in nanoparticle conducting polymers for various applications such 

as gas sensors, biosensors, electrode material and catalysts (Alok Srivastava et al., 

2006), (Aoife Morrin et al., 2005), (Cui et al., 1998). Polyaniline (PANI) is the most suitable 

polymer for development of new devices because of its reproducible synthesis, stability 

and its electrical properties which can be changed. By controlling the degree of doping 

(chemically), PANI can be converted from insulator to a semiconductor (Cho et al., 2004; 

Morrin et al., 2005; and Gangopadhyay et al., 2000). Strong protonic acids, like DBSA (Xue 

et al., 2006) or sulfuric acids function as proton dopants (Huang et al., 1986). However, 

poor solubility and difficult processability make applications very limited. To overcome these 

problems, the properties of the conducting polymer could be modified by their interaction with 

other substances. (Moulton et al., 2004). 

The syntheses of metal-organic polymer and polymer-inorganic nanoparticles have 

potential use in technological applications and have attracted much attention recently due 

to their interesting properties (Xu, et al., 2006; Malta et al., 2003; Grubbs et al., 2005; and 

Naderi, et al., 2006). These particles not only combine the advantageous properties of 

metals and polymers but also exhibit many new characters that single-phase materials 

do not have. Early studies related to organic-inorganic junction generally involved 

polyaniline and Au (Xian et al., 2006), polypyrrole-Fe nanocomposites (Chipara et al., 2007) 

and polypyrrole/silver nanocomposites on gold substrate (Liu et al., 2005). Ag/Polymer 

possessing unique properties has attracted intensive research for their potential 

applications in biological labeling and photoconducting sensors. Surface modification of 

Ag is necessary to make them useful in diverse applications. However, because of the 

hydrophobic surface property of some polymer, congregation and oxidation 

of Ag are common, (Pomogailo et al., 2003; Yakuphanoglu et al., 2006; Jing et al., 2007; 

Kang et al., 2006; and Feng et al., 2006). 

To prepare the nanoscale materials successfully, several approaches have been employed 

like physical mixing (Akelah et al., 1995), sol-gel technique (Jang et al., 2000), in-situ 

chemical polymerization in the aqueous solution with the presence of polymer monomer and 

inorganic particles, emulsion technology (He et al., 2005) and sonochemical process (Kumar 

et al., 2000). However, stabilizing Ag nanoparticles in bulk polymer remained a challenge. 

In this study, Ag/PVP nanoparticles were formed by thermal process. Core-shell silver 

(Ag)-polyaniline (PANI) nanocomposites have been synthesized by the · in-situ chemical 

encapsulation polymerization method with different Ag concentrations. The morphological 

and electrical characterizations of the PAN I/Ag nanocomposites were discussed. In addition, 

the improvement of its solubility was investigated. 
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MATERIALS AND METHODS 

Chemicals 

The Structural and Electrical Properties of Ag/Polyani/ine (PANlj 
Core-shell Nanocomposite 

Silver nitrate was obtained from Bendosen, ascorbic acid from HmbG, polyvinylpyrrolidone 
(PVP) were purchased from Shanghai, sulfuric acid and aniline monomer were purchased 
from Merck, ammonium per sulfate (APS) was purchased from Aldrich and n-methyl-2-
pyrrolidone (NMP) from Fluka. 

Instrumentation -

Morphological investigations were carried out using Scanning Electron Microscopy (SEM) 
[FEI Quanta 200 F (Philips)] and Transmission Electron Microscopy (TEM) (HITACHI, 
H-7650) at an acceleration voltage of 120 kV. The samples were diluted in ethanol then 
sonicated for 30 minutes prior to placing it by drops on the carbon coated copper grids. The 
elemental compositions of the pure PANI and PAN I/Ag nanocomposites were estimated by 
Energy Dispersion X-ray (EDX) (Oxford Instruments, model 5431. X-ray diffraction pattern 
was taken with a Siemens D 500 model with Cu Ka source (>..=1.5418 ° A). All scans were 
recorded in the 28 region of 5 - 80°. FTIR spectra were recorded with a Thermo Scientific 
Nicolet iS10 FT-IR Spectrometer. The conductivity of the samples were measured by using 
Impedance analyzer - meter (Hioki 3531, Z Hi Tester). The samples were prepared as 0.66 
mm diameter pellets by pressing the powder under hydraulic pressure of 3 tonnes. 

Synthesis of Ag /PANI core-shell nanocomposite 

Reduction of the silver salt (0.21 g) in aqueous solution of polyvinylpyrrolidone (0.7 g) as a 
stabilizer leads to the formation of silver nanoparticles in the presence of ascorbic acid as a 
reducing agent (0.45 g). The mixture was dissolved in 50 ml distilled water and stirred for 30 
minutes at room temperature. The resulting homogenous solution was sealed and heated 
in a furnace at 110 °C for 24 hours. Finally, brown golden color of silver nanoparticles was 
obtained. 

The PANI/Ag nanocomposite was prepared by in-situ chemical oxidation polymerization 
of aniline monomer in the presence of silver nanoparticles solution. In a typical synthesis 
process, aniline monomer (15.2 mmol) was added to 15.2 mmol of sulfuric acid in 80 ml 
distilled water under constant stirring in an ice bath for 1 hour which is followed by addition 
of the aqueous solution of ammonium per sulfate (15.3 mmol that was dissolved in 20 ml 
deionized (DI) water) for 10 minutes. Then the previously prepared Ag nanoparticles 
solution was added. The mixture was allowed to react for 2 hours under constant stirring 
at 5 °C. The green mixture was sealed and kept refrigerated for 24 hours. The resultant 
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product was centrifuged then dried in oven for overnight. The pure PAN I was synthesized using 

similar chemical polymerization method as described above in the absence of silver 

solution. 

RESULTS AND DISCUSSION 

The morphology of polyaniline with an aggregated granular form of particles with particle 

size of 40-80 nm was shown in Figure 1. TEM and SEM images of PANI/Ag at different 

concentration of Ag/PVP solution in the composites reveal different particle size of nanosilver 

being formed. Both low and high concentration of Ag/PANI (L) and Ag/PANI (H) (50 ml) 

demonstrates the cubic shaped of Ag nanoparticles (black spots) which are uniformly 

dispersed in PANI. The size of the core increased with increasing Ag/PVP concentration in 

composite. The average diameters of the composite are -5 nm and -25 nm for APNI/Ag (L) 

and APNI/Ag (H), respectively (Figure 3). The EDX results show the presence of Ag, S, 0 

and C in the prepared composites (Figure 4). The silver content (intensity) in the composite 

increased with increasing Ag/PVP concentration. Pure PANI exhibits zero intensity for Ag, 

whilst the intensity of both oxygen and carbon increased due to the presence of AgN03 and 

PVP in Ag/PAN I respectively. In addition, the intensity of S in pure PANI is higher than that of 

Ag/PANI which indicates that the formation of PANI in Ag/PAN I is less than that of pure PANI 

due to the incorporation of Ag nanoparticles. 

A B 

Figure 1. A) SEM image of pure PAN/; 8.) TEM of Pure PAN/ 
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Figure 2. SEM at 200000x (A. Ag/PAN/ (L), B. Ag/PAN/ (H)) and TEM at 50 nm (C. Ag/PAN/ 
(L), D. Ag/ PAN/ (H)) 
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Figure 3. The distribution of particle diameter for both Ag/PAN/ (L) and Ag/ PAN/ (HJ. 
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Figure 4. EDX analysis data for pure PAN/ and Ag/PAN/ nanocomposite 

Figure 5 shows the XRD spectra of PANI nanoparticles (a) as a powder and (b) as coated 

on to a glass substrate to prove that PANI is applicable in other material. The presence of 

peak at 20 = 25° and go are related to the formation of PANI. The XRD spectra (Figure 6) of 

PVP/PANI/Ag0 nanocomposites, showed six diffraction peaks located at g0 , 25°, 38°, 44°, 65° 

and 77°. The broad peak of 20 = go is related to the overlapping of PVP and PANI. Another 

prominent peak at 20 = 25° is related to PANI. However, a prominent diffraction peak at 20 

= 38° is associated to AgN03 and three strong peaks at 20 = 44°, 65° and 77° are related to 

Ag (111 ), Ag (200), Ag (220) Bragg's diffractions of cubic structure of silver nanoparticles, 

respectively. The observed values of 20 and d-spacing for the PANI nanoparticles and for 

Ag/PANI core-shell nanocomposites prepared at similar conditions, with different wt % of Ag 

nanoparticles are given in Table 1. The higher d-spacing indicates a more conductive 

property of the composite due to easier pathway of the charge carrier to move inside the 

composite. This result is in complete agreement with the conductivity measurement. 
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Figure 5. The XRD spectrum for PAN/ nanoparticles (a) in powder form and {b} on a glass 
substrate 

Table 1. The 20 with the d-spacing of the XRD spectra for Ag/PANI and pure PANI 

Intensity d-spacing 

Sample 

(20 = 25°) (20 = 25°} 

Ag/PANI (H) 140 2.7 

Ag/PANI (L) 155 2.9 

Pure PANI 160 3.3 
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Figure 6. The XRD spectrum for A.) Ag/PVP/PANI (L), 8.) Ag/PVPIPANI (H) 
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Figure 7 shows the FTIR spectra of pure PANI, AgPANI (L) and AgPANI (H). The band at 

1580 cm-1 and 1480 cm-1 are attributed to the C=N and C=C stretching modes of vibration 

for the quinonoid and benzenoid units of the polymer respectively, while the bands at 1296 

cm-1 and 1172 cm-1 are assigned to the C-N stretching mode of benzenoid units. The peak 

at 817 cm-1 is attributed to C- C and C-H of the benzenoid unit. The incorporation of Ag in 

the nanocomposites leads to a shift of some FTIR bands of the polymer in the composite 

when compared to pure PANI. However, the shift to a higher wavelength has a very weak 

intensity for most of the bands. This is due to the coating of Ag nanoparticles by the polymer, 

which avoids a suitable interaction of the silver particles with the incident radiation during IR 

measurements. Moreover, the band at 1480 cm-1 of PANI which is attributed to the aromatic 

ring C-C stretching mode is blue shifted to 1487 cm-1 at low Ag nanoparticles and to 1900 

cm·1 at high Ag nanoparticles. The out-of-plane -NH bending vibration of PANI at 1296 cm·1 is 

present in the IRspectrumof PANI and Ag/PAN I and this-band is-shifted to higher wavelength 

when Ag nanoparticles was added. The band at 1022 cm-1 corresponds to S=O stretching 

mode of the S04 group of sulfuric acid splits into two bands in the case of PANI and Ag/PAN I, 

(Kang, et al., 1998) , (Jing et al., 2007) . 
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Figure 7. FTIR spectra of PAN/, and Ag/PAN/ having different Ag nanopartic/es 

concentration 
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Figure 8 shows the typical behaviour of the Cole-Cole plot. The result indicates an increase 
in the resistance with addition of Ag nanoparticles and this attributes to the decrease in the 
conductivity. However, the amount of polarons seems to decrease in the presence of Ag 

which is due to reduced amount of aniline converted to PANI during polymerization process 
and similar results were obtained by (Niu et al., 2003, Devendrappa et al., 2006; Zhu Jian 
2005). 
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Figure 8. The Cole-Cole plots for electrical conductivity of PAN/ and PANI/Ag° 

nanoparticles at various Ag concentrations 
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The ac conductivity shown in Figure 9, obeys the universal power law (UPL) introduced by 

Jonscher equation and has a wide application irrespective of their chemical and physical 

structures and the type of charge carriers they possessed. The ac conductivity of Ag/PANI 

decreases as Ag nanoparticles increased and this is similar to those of de conductivity. The 

species of polarons or/and bipolarons are considered as the main criteria of conducting 

polymer emaldine salt that results in a remarkable shift of the de conductivity to lower values 

with increasing Ag nanoparticles concentration. A study by Samrana et al., (2007) where 

PANI was doped with different element concentration showed that the conductivity increased 

at certain concentration and decreased for other elements. However, their result was based 

on the increase in the conductivity and others were based on the decrease of the conductivity 

of PANI with addition of different dopants. 
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Figure 9. The a.c. conductivity vs. frequency of A) Pure PAN/, 8) Ag/PAN/ at low 

concentration of Ag and C) Ag/PAN/ at high concentration of Ag 
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In order to measure the solubility of PANI and AglPANI, the samples were dissolved in an 

organic solvent of (N-Methyl-2-pyrrolidone (NMP)) under stirring condition for 30 minutes 
followed by filtration. The partially soluble and conductive PANI and AglPANI core-shell of 
15 mgl1 O ml, 20 mgl1 O ml possessed a conductivity of 2.6x 10-3 Siem, 1.1 x 10-3 Siem, 
respectively. 

CONCLUSION 

This work has established that doping induced solphonation in aniline · monomer can be 
used to prepare conducting polymer polyaniline (PANI) by chemical oxidation polymerization 
method due to the presence of sulfuric acid. The AglPVP nanoparticles were synthesized 

by the reduction of AgN03 with the presence of ascorbic acid 'in situ' thermal process. The 
prepared Ag nanoparticles were coated by the PANI to form AglPANI core-shell by 'in situ' 

encapsulation chemical method. 

The formation of conductive PANI was confirmed by the FTIR measurement at IR shift 

of 1480 and 1580 cm-1 assigned for C=N double bond stretching of imines group, which 
implies the presence of polaron species, which is the charge carriers of PANI. The 
conductivity measurement reveals that the de conductivity of conducting PANI composite 
decreased with increase concentration of Ag nanoparticles. The conductivity is mainly 

attributed to the creation of polarons in the PANI structure. The formation of Ag nanoparticles 
was shown as the change in colour from colourless before the reaction takes place to golden 

yellow and then to dark golden yellow. This was confirmed by XRD spectra in which the 
presence of three dominant diffraction peaks correspond to Ag (111) and Ag (200) of cubic 

structure of silver metal. 
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