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Abstract 
Poly (2-chloroaniline)/SiO2 and Poly(2-methylaniline)/SiO2 nanocomposites were synthesized by in 
situ chemical oxidative polymerization technique. The nano composites were characterized by 
FTIR, NMR and UV- visible spectroscopic techniques, XRD, TEM, TGA and DTA. The thermal stability 
was confirmed by the IPDT and OI calculations. The electrical conductivity and dielectric properties 
were investigated. The dielectric constant decreased with increase in frequency in the low 
frequency region due to electrical relaxation process. At high frequencies, dielectric constant was 
independent of frequency. At low frequency there was a strong frequency dispersion of 
permittivity and above 3 Hz, a frequency independent behavior in permittivity was observed.  
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INTRODUCTION:  

Conducting polymer nanocomposites possess the 

advantages of both low dimensional systems like 

nanostructure filler and organic conductors like 

conducting polymer. The reinforcement of polymers is 

done by fillers, which play a major role in 

strengthening the properties of the nanocomposites. 

Uniform dispersion of the nanosized filler particles 

produces ultra large interfacial area per volume 

between the filler and the host polymer [1]. Polymer-

based composites were reported in the 1960s as a new 

paradigm in material science. In the past twenty years, 

three major inorganic materials acting as nanofillers 

have been used to prepare organic-inorganic 

nanocomposites: (1) layered materials such as clay[2, 3], 

(2) tubular materials such as carbon nanotubes 

(CNTs)[4], and (3) spherical materials such as SiO2 

particles[5] as well as other synthetic materials[6]. 

Conducting Polymer inorganic nanocomposites 

attracted both fundamental and practical interest 

because of their different chemical, biological and 

physical properties and application in high density 

magnetic recording, catalysis, magnetic resonance 

imaging, energy conversion etc. [7-10]. Among all the 

conducting polymers, Polyaniline is one of the most 

promising conducting polymers due to its ease of 

preparation, good environmental stability, better 

electronic properties, low cost, low density and its 

applications in electrochromic display, electro 
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catalysis, rechargeable batteries, sensors and 

biosensors [11-20]. 

In the present paper,we report the chemical synthesis, 

characterization of –Cl and -CH3 substituted 

polyaniline- SiO2 nanocomposites and the thermal and 

electrical transport properties. An attempt has been 

taken to understand and compare the influence of SiO2 

on the dielectric properties, impedance and electrical 

conductivity of poly (2-chloroaniline)-composite-SiO2 

(p2ClAni-SiO2) and poly (2-methyl aniline)-composite- 

SiO2 (p2MeAni- SiO2) nano composites. The frequency 

dependence of dielectric constant, dielectric loss, 

imaginery modulus, real modulus and tan δ are 

discussed. Complex impedance spectroscopic study 

was made for understanding the charge transport 

mechanism [21, 22]. The frequency dependent 

conductivity and dielectric permittivity provide 

information on the electronic transport mechanism. It 

gives an insight into the presence of disorder in the 

molecular structure of the materials and the process of 

electrical transport along the polymer chains [22]. 

MATERIAL AND METHODS: 

2-chloroaniline (Avra), 2-methylaniline (LOBA), 

ammonium per sulphate (SDFCL, 98% pure) and HCl 

were of analytical grade and used as received. SiO2 

nano particles (particle size of 50 nm) was purchased 

from Sigma Aldrich. The FT-IR measurements have 

been carried out using IR Affinity-1 Fourier Transform 

Infrared Spectrophotometer, Make –Shimadzu in the 

wave number range 500 cm-1 to 4000 cm-1. The UV-

Visible analyses were carried out using Perkin Elmer 

Lambda double beam spectrophotometer in the 

wavelength range 200-800 nm. XRD analyses were 

performed on a Bruker AXS D8 Advance using Cu as X-

ray source at the wavelength of 1.5406Å of angular 

range from 30 to 1350. Thermo gravimetric analyses 

were carried out with a Perkin Elmer STA 6000 from 

room temperature to 700oC under inert gas 

atmosphere. Dielectric constants were measured by 

NOVO CONTROL technologies GmbH and Co.  Electrical 

conductivity measurements were made using German 

model concept 80 in the frequency range from 10 Hz 

to 1MHz at room temperature. Z'' Vs Z' complex 

impedance plots were plotted for the nanocomposites 

and the bulk resistance (Rb) was evaluated by analyzing 

the impedance data using zsimpdemo software. 

Synthesis of the polymer nanocomposites 

The SiO2 nanocomposites of –Cl and -CH3 substituted 

polyanilines have been chemically synthesized by in 

situ chemical oxidative technique by incorporating the 

nanoparticles obtained from Sigma Aldrich (particle 

size of 50 nm) during the polymerization. The initiator 

used was ammonium persulphate and hydrochloric 

acid was used as the dopant. Sodium lauryl sulphate 

(SDS) was used as a surfactant but it functionally acted 

as a dopant as well. The materials were obtained in the 

form of powder. The composites were obtained in the 

conducting emeraldine salt forms. After the 

polymerization was completed the polymer 

composites were repeatedly washed with deionised 

water and finally with few drops of acetone to remove 

the oligomers, dried and stored in air tight vials. The 

composites were soluble in DMSO, DMF and partially 

soluble in toluene and chloroform.  The percentage 

yield of the nano composites calculated using the 

formula, Conversion yield = Polymer yield / Weight of 

the monomer x 100 are tabulated in Table 1. 

 

Table 1: Percentage Yield of the nanocomposites 

Polymer Nanocomposites                            % Yield 

(p2ClAni-SiO2)                                                 83.93 

(p2MeAni-SiO2)                                                93.56 

RESULTS: 

Infra red spectroscopy 

FTIR spectrum of p2ClAni-SiO2 (Fig 1) gives peaks at 977 

cm-1 and 827 cm-1 characteristics of 1,2,4 tri 

substituted aromatic rings. A band appearing near 

1290 cm-1 represents the C-N stretching vibration. The 

band at approximately 1573 cm-1 and 1498 cm-1 are 

due to quinonoid and benzenoid rings respectively. 

Asymmetric and symmetric aliphatic C-H stretching 

can be observed at 2924 cm-1 and 2852   cm-1. The peak 

at 748 cm-1 is due to -Cl attached to the rings.  
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Figure 1: FT- IR spectrum of p2ClAni-SiO2 

 

The broad absorption peak observed at 3230 cm-1 

corresponds to the OH groups –present in SiO2 due to 

intermolecular hydrogen bonded OH stretching. The 

bands at about 1188.15      cm-1 and 827 cm-1 are 

assigned to the Si-O-Si stretching vibrations and 

bending vibrations respectively [23].  

The IR spectrum gives all the characteristic bands of 

poly (2-chloroaniline) as well as SiO2. Hence it was 

confirmed that the composite formation has taken 

place. The intensities of all the peaks are reduced due 

to repeated units in the polymer. The emeraldine salt 

form of the polymer interacts with SiO2 nanoparticles 

through hydrogen bonding type of interaction. The HCl 

as well as sulphate ions of the sodium lauryl sulphate 

act as dopants as evidenced from FTIR spectrum. 

 

 
Figure 2: FTIR spectrum of p2MeAni-SiO2 

The Infrared spectrum of p2MeAni-SiO2 (Fig 2) shows a 

broad absorption peak around 3200 cm-1 and 1301cm-

1 due to –N-H and C-N stretching of the secondary 

amine respectively.  The peaks at 1579cm-1 and 1494 

cm-1 are assigned to the –C=C- stretching frequencies 

of quinonoid and benzenoid rings. The peak at 574 cm-

1 confirms the incorporation of SiO2 nano particles into 

the polymer chains. The peak at 1145cm-1 is due to the 

electrical conductivity band. The C-H out of plane 

bending vibration of the 1, 2, 4 tri substituted benzene 

rings appear around at 972cm-1 and 863cm-1. FTIR 

spectra indicate peaks of both –CH3 substituted poly 

aniline and SiO2.  
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UV-Visible spectroscopy 

 
Figure 3: UV-Visible spectrum of p2ClAni-SiO2 

(Fig 3) shows the absorption spectrum of p2ClAni-SiO2 

dissolved in DMSO. The UV absorption band of the 

polymer composite at 264 nm is due to the π-π* 

transition. The band at 353 nm is due to n-π*transition. 

The n-π* transition is due to the transition of lone pair 

of electrons of the nitrogen atoms to an empty non 

bonding molecular orbital. 

 
Figure 4: UV-Visible spectrum of p2MeAni-SiO2 

The absorption spectrum (Fig 4) shows major 

absorptions around 260nm due to π- π* transition on 

the polymer chains and the absorption around 350 nm 

is due to the n- π* transition of the quinonoid rings and 

corresponds to the localization of the electron  [24]. The 

polaron band appears around 620 nm. 

 

X-RAY DIFFRACTION STUDIES 

 
Figure 5: XRD pattern of p2ClAni-SiO2 
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Figure 6: XRD pattern of p2MeAni-SiO2 

 

The XRD patterns of p2ClAni-SiO2 and p2MeAni-SiO2 

nanocomposites are shown in Fig 5 and Fig 6. XRD 

patterns show amorphours nature of the 

nanocomposites. P2ClAni-SiO2 composite shows a 

broad band around 25.285o indicating the amorphous 

nature of the composite. P2MeAni-SiO2 composite 

shows the broad diffraction peaks around   at 2θ=24º 

and 29º due to the amorphous nature.  

 

Thermo gravimetric analysis 

 
Figure 7: TGA/DTA plots of p2ClAni- SiO2 

 

The TGA/DTA curves of p2ClAni-SiO2 are shown in Fig 

7. The polymer composite decomposes at 147 oC due 

to the loss of moisture and volatile impurities. The loss 

of the dopant takes place at 383 oC and the composite 

starts decomposing at 777.6oC. The DTA shows the 

exothermic loss of the dopant and loss of SiO2 

molecules. 
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Figure 8: TGA/DTA plots of p2MeAni- SiO2 

 

The TGA/DTA ofp2MeAni-SiO2 nano composite shows 

three step weight loss. At first, the weight loss 

(3.617%) is due to loss of water and moisture which 

takes place around 50 -100ºC. The second weight loss 

up to 350ºC, (22.97 %.)  is due to the removal of dopant 

molecules. In the third step 27.61% decomposition of 

composite takes place at 350 ºC and ends at 800ºC. 

The complete decomposition has not taken place. This 

composite leaves some char content (45.81%). The –Cl 

substituted polyaniline nano composite is the most 

stable nanocomposite probably due to the heat 

resistive property of the chloro atoms. 

IPDT is a useful parameter for assessing the overall 

thermal stability of the polymers during the 

decomposition process. The area was calculated using 

the equation,  

IPDT (oC) = A × K × (Tf - Ti) 

A= (S1+ S2) / (S1+ S2 +S3) 

K= (S1+S2)/(S1) 

where A is the area ratio of total experimental curve 

defined by the total TGA thermogram, K is the 

coefficient, Ti the initial experimental temperature, Tf 

the final experimental temperature in oC. The 

oxidation index (OI) was calculated from the weight of 

the carbon residue, which is related to the flame-

retardant capacity of the composites [25] and the values 

are tabulated in     Table 3. 

OI × 100 = 17.5 × 0.4 CR 

 

Table 3: IPDT and OI values of the polymer nanocomposites 

Polymer nano composites              IPDT                     OI 

(p2ClAni-SiO2)                    463                     0.0146 

(p2MeAni-SiO2)                  466                      0.0819 

 

Electrical transport properties 

Electrical conductivity 

The complex impedance plots of solvent free pellets of 

p2ClAni-SiO2 and p2MeAni-SiO2 measured at room 

temperature in the frequency region 50 Hz to 35 MHz 

are shown (Fig 9 (i & ii) respectively. 

 
Figure 9 (i) and (ii) 

Complex Impedance plots of (i) p2ClAni-SiO2 (ii) p2MeAni- SiO2 
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The total electrical conductivity (σ) values have been 

calculated using the formula, σ = t / RbA where t is the 

thickness of the pellet, A is the area covered by the 

silver electrodes in contact with the material and Rb is 

the bulk resistance of the material. The zsimpdemo 

software has been used to get the value of bulk 

resistance from the intercept on the real axis at the 

high frequency portion of the Nyquist plots. The 

electrical conductivity values are tabulated in Table 4. 

 

Table 4: Electrical conductivity values of the nano composites 

Nanocomposites        Thickness                 Rb                          Conductivity 

p2ClAni-SiO2                               0.89                      6.43x105                      3.97x10-6 

p2MeAni-SiO2                            0.80                      8.47x105                       2.26x10-6 

Dielectric Properties 

 
Figure 10: Plots of dielectric constant with frequency 

Figure 10 shows the plot of dielectric constant versus 

frequency.  The dielectric constant of p2MeAni-SiO2 

decreases with increase in frequency in the low 

frequency region due to electrical relaxation process. 

High dielectric permittivity at low frequency region is 

due to space charge polarization due to the presence 

of free charges at the interface [26]. At high frequencies, 

dielectric constant is independent of frequency as it 

remains almost constant. At low frequency there is a 

strong frequency dispersion of permittivity and above 

3 Hz there is a frequency independent behavior in 

permittivity.   In the case of p2ClAni-SiO2, the dielectric 

constant is independent of frequency.  

 
Figure 11: Plots of dielectric loss with frequency 

Dielectric loss is a measure of energy dissipated and 

generally comprises of the contribution from ionic 

transport as well as polarization of a charge or dipole. 

In (Fig 11), the dielectric loss is high in –CH3 substituted 

polyaniline nanocomposites due to free charge motion 

within the material, a phenomenon leading to 

conductivity relaxation [27]. Dielectric loss decreases 

with increases in frequency upto 2 Hz. This is due to 

the free movement of the charges in the polymer 

matrix. On increasing the frequency upto 6 Hz there is 
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no change in dielectric loss as it almost remains 

constant. In the –Cl substituted polyaniline nano 

composite, The dielectric loss is independent of 

frequency. 

 
Figure 12: Plots of tan δ with frequency 

Figure 12 shows the plot of tan δ with frequency. In 

p2MeAni-SiO2     tan δ increases with increase in 

frequency upto 2 Hz in due to the presence of relaxing 

dipolar. When frequency greater than 2 Hz is applied 

tan δ does not vary much with frequency and this is 

attributed to non-relaxation dipole. A frequency 

independent behavior is observed in p2ClAni-SiO2.  

 
Figure 13: Plots of real modulus with frequency 

The normalized modulus spectra in the form of real 

modulus (M') versus log f is given (Fig 13). The flat 

portion from low frequency to high frequency in –Cl 

and -CH3 substituted polyaniline nano composites is 

due to large capacitance associated with the 

electrodes [28].  

 
Figure 14: Plots of imaginary modulus with frequency 
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The imaginary part of M” as a function of frequency for 

P2ClAni-SiO2 and P2MeAni-SiO2 is depicted (Fig14). 

The spectra exhibit broad peaks at low frequency. The 

trend is not found to be uniform in p2ClAni-SiO2 

probably due to the electron withdrawing nature of 

the chloro group.               

                

DISCUSSION: 

The FT-IR spectra confirm the existence of benzenoid 

and quinonoid repeating units with all the 

corresponding spectral assignments of polymeric 

backbone. The bands at about 1188.15 cm-1and 827 

cm-1 are assigned to the Si-O-Si stretching vibrations 

which confirms the incorporation of SiO2 nanoparticles 

into the polymeric matrix forming hydrogen bonds. 

The UV-Visible spectra show the existence of 

benzenoid rings and quinonoid rings of p2ClAni-SiO2 

and p2MeAni. The XRD patterns of p2ClAni-SiO2 and 

p2MeAni-SiO2 nano composites show amorphous 

nature of the nanocomposites. The thermal study 

shows that the polymers and their nanocomposites 

follow three steps decomposition process. The weight 

loss corresponds to the loss of moisture, dopant and 

degradation of polymeric backbone.   

The study of electrical conductivity shows that the 

conductivity values of p2ClAni-SiO2 and p2MeAni-SiO2 

are 3.97x10-6Scm-1 and 2.26x10-6 Scm-1 and are 

semiconducting in nature.  The dielectric study shows 

that the p2MeAni-SiO2 nanocomposites has 

capacitance behaviour. It can be used in energy 

storage and semiconductor devices. 

 

CONCLUSION 

In situ chemical oxidative polymerizations were 

performed in the presence of the host material, SiO2 to 

synthesize p2ClAni-SiO2 and p2MeAni-CuO-SiO2 

nanocomposites. Spectroscopic results confirm the 

inclusion of SiO2 nano particles into the-Cl, and –CH3 

substituted polyaniline chains. The TGA results 

confirmed the thermal stability of the 

nanocomposites. The conductivities as measured by 

the four-probe technique were of the order of 10-6 

Scm-1 in –Cl and –CH3 substituted nanocomposites. 

Conductivity values are in the range of semi 

conductors. These materials will have a significant role 

to play as energy storage devices. 
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