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Abstract:  
Pure and Zn, PVP and Ag doped tin oxide nanoparticles were prepared by microwave assisted chemical  

co-precipitation method. The influence of zinc, PVP and Ag nanoparticles in tin oxide is obtained by X-ray 

Diffraction pattern and Electrical conductivity studies. The Ag and Zn ions replaced the tin ions in tin oxide 

lattice sites. Therefore, no zinc and silver peaks are observed in XRD. There is no impurity peak observed in 

XRD. The X-ray diffraction pattern reveals the tetragonal rutile structure of tin oxide nanoparticles. Increasing 

the doping concentration of zinc in tin oxide decrease the crystalline size.  The band gap of pure and zinc, PVP 

and Ag doped tin oxide nanoparticles are calculated from Diffuse reflectance spectroscopy.The conductivity 

studies of the doped samples is increased due to the Ag nanoparticles. 
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I. Introduction 
 Inorganic particles with polymers are used to produce novel materials which are tuned their properties. 

These are different from the constituent polymers. Hence, these materials are used in composites, adhesives, 

plastics and rubbers1. Therefore, the polymers are classified as miscible or immiscible blend polymers due to the 

level of molecular mixing2. Also, these nanocomposites exist due to the interactions of dipole – dipole forces, 

bonding of hydrogen atom and the charge transfer between the molecules. Now a days most of the materials are 

based on inorganic nanoparticles implanted blend polymer nanocomposites. Hence, this kind of addition of 

inorganic particles in nanocomposites plays the significant role to enhance their properties in wide range of 

applications.  

Among all other polymers, the PVP and PVA are widely used in the synthesis of metal oxide 

nanoparticles. Poly (vinyl alcohol) (PVA) and PVP are having hydroxyl group and carbon chain which are 

producing interpenetrating network in the polymer nanocomposites3. Also, the Polyvinyl pyrrolidone (PVP) is 

used as a capping agent to regulate the growth of metals and metal oxide nanoparticles4. Particularly, PVP is 

widely used to the preparation of homogeneous structured nanoparticles. Also, the important applications of 

PVP are to prevent the aggregation of nanoparticles and to maintain the stabilization of nanoparticles5.  

Metal oxide nanoparticles are used in wide range of applications such as solar cells, light emitting 

diodes, gas sensors, etc., There are variety of metal oxides are available now a days. But, all the other metal 

oxides, tin oxide is the special semiconductor due to their transparent property. Metal doping enhances the 

properties of metal oxide materials. Zn and Sn ionic radius are similar. Therefore, the doping Zn in tin oxide 

does not produce the drastic changes but it is used to create the greater number of oxygen vacancy to enhance 

the electrical property and gas sensor applications.  

Particularly, novel metal doped semiconductor oxide enormously tuned their properties. Hence, these 

materials are easily enhanced their optical and electrical properties6. Especially, doping of silver nanoparticles 

are playing significant role to enhance the optical property due to their surface plasmon resonance7. Also, silver 

nanoparticles are used to tune the morphology and size of the nanoparticles8. 

There are different methods are used to prepare the semiconductor oxide materials such as hydrothermal, 

sol-gel, solvothermal, microwave assisted co-precipitation and chemical co-precipitation methods9,10,11. The 

microwave assisted co-precipitation is the simplest and cheapest method to synthesis the nanoparticles. The 

present study Zn, PVP, and Ag doped tin oxide nanoparticles are prepared by microwave assisted co-

precipitation method. The prepared nanoparticles are characterized by X-ray Diffraction, UV-Visible absorption 

spectroscopy and impedance spectroscopy.  
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II. Material And Methods 

2.1 Synthesis of SnO2 nanoparticles 
A 0.1M of SnCl2.2H2O was taken and added to double distilled water and subjected to stirring. A 0.5g 

PVP was allowed to mix in 10ml of double distilled water and it was slowly added to the SnCl2.2H2O solution. 

Required ammonia solution was slowly added to the SnCl2.2H2Osolution.  After vigorous stirring, the sample 

was kept in microwave oven to obtain the precipitate. The precipitate was centrifuged using water to remove the 

impurities. Finally, the prepared sample was dried using microwave oven. The similar procedure was followed 

for the synthesis of Zn doped SnO2 nanoparticles.  

 

2.1 Synthesis of Zn, Ag and PVP doped SnO2 nanoparticles 
The doped samples were prepared by varying the zinc concentration keeping the same silver and PVP 

concentration. A 0.1M of ZnCl2 and 0.9M of SnCl2.2H2O, 0.2M of ZnCl2 and 0.8M of SnCl2.2H2O, 0.3M of 

ZnCl2 and 0.7M ofSnCl2.2H2O was taken to prepare Doped1 (D1), Doped2 (D2) and  Doped3 (D3) respectively. 

A 0.02g of silver was added to all doped samples. The required ammonia and 0.5g of PVP was also added one 

by one slowly into the mixed Zinc chloride and tin chloride solution. The same procedure was followed to 

prepare all the doped samples. 

 

III. Result and Discussions 
 

3.1 X-ray Diffraction study: 

  

Figure 1 shows the XRD pattern of pure SnO2 and  Ag, Zn & PVP doped SnO2 nanoparticles 

XRD study is a technique used to identify the crystalline phases, size, orientation and lattice parameter of the 

prepared samples. From Figure 1 it is observed that the XRD patterns reveal the tetragonal structure of tin oxide 

nanoparticles. 

 
 

                    Fig. 1.XRD pattern of pure SnO2 and  Ag, Zn & PVP doped SnO2 nanoparticles 

 

There are no separate impurity peaks observed in pure and doped samples. Therefore, the zinc and 

silver nanoparticles replaced tin atoms in tin oxide nanoparticles. Hence, a greater number of oxygen vacancies 

are created in doped samples when compared to pure tin oxide nanoparticles. There is no separate peak is 

observed for PVP. Because, PVP is always used as capping agent to tune the size, morphology and product 

agglomeration of nanoparticles.12 In this case, PVP and tin oxide nanocomposites are formed in pure and doped 

nanoparticles.  
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UV- Visible absorption spectroscopy study 

The absorption peak at 383 nm is ascribed due to the composition of PVP and pure tin oxide 

nanoparticles which is shown in fig. 2. The UV-Visible absorption spectra of Ag, Zinc and PVP doped tin oxide 

nanoparticle is shown in fig. 3. The peak broadening observed in the range from 364 nm to 484 nm for D1, D2, 

D3 and D4 samples due to the Surface Plasmon Resonance of Silver nanoparticles. Hence, the silver 

nanoparticles are presented in the prepared samples. The absorption intensity is decreased with the increasing 

concentration of doped materials. There is no separate PVP absorption peak is observed in Fig. 2 and Fig. 3. But 

the PVP plays the main role to reduce AgNO3 to Ag nanoparticles. The strong absorption peak is observed at 

383 nm for pure SnO2 nanoparticles13. 

 

 

 
Fig. 2. UV- Absorption spectra for Pure Tin oxide nanoparticles 

 

 

Fig. 3.  UV- Absorption spectra of Zinc, PVP and Silver doped Tin Oxide nanoparticles 

  

Diffuse reflectance spectroscopy: 

The band gap is obtained from the Kubelka-Munk function. The band gap value of pure tin oxide is 

2.94 eV is shown in Fig. 4. The band gap value of doped samples is 3.20, 3.28, 3.31 and 3.36 eV are tabulated in 

Table 1. Hence, the band gap is increased with increasing concentration of zinc ions in tin oxide when compared 

to pure tin oxide which is shown in Fig. 5. In diffuse reflectance spectroscopy, the Kubelka-Munk function were 

implemented to found the value of optical band gap of Pure SnO2 and  Zn, PVP, Ag doped SnO2 nanoparticles. 

The Kubelka- Munk function is given by the following relation: 



Electrical Investigation of Pure and Silver, Zinc and PVP doped Tin Oxide Nanocomposites 

DOI: 10.9790/4861-1502030109                                   www.iosrjournals.org                          4 | Page 

 

F(R)=
   (𝟏−𝑹)𝟐

𝟐𝑹
  =  

𝐾

𝑆
 

 

Where, 

 F(R) is the Kubelka-Munk function which corresponds to absorbance,R is the reflectance,  

 K is the absorption coefficient, S is the scattering coefficient. 

 

 
 

Fig. 4. Diffuse reflectance spectra represented in Kubelka–Munk function of Pure tin oxide nanoparticle 

 

 
Fig. 5. Diffuse reflectance spectra represented in Kubelka–Munk function of doped tin oxide 

nanoparticles. 

 

Table 1. The bandgap of pure nano particles and zinc, PVP, silver doped tin oxide nanoparticles 
Prepared Samples Bandgap(eV) 

Pure SnO2 2.94 

Doped 1 3.20 

Doped 2 3.28 

Doped 3 3.31 

 

Dielectric spectra for pure and zinc, PVP and silver doped tin oxide nanoparticles has been acquired. The 

dielectric constant (k) of samples is calculated, by the ratio of its permittivity (ɛ’) to the permittivity of vacuum 

(ɛ”). The dielectric properties of every nanoparticles can be described by the real and imaginary parts of the 

compound permittivity ( ɛ*) 

ɛ*=ɛ’(ω)-iɛ”(ω)  

Here,   ɛ(ω) ⟹real factor (dielectric constant) 

ɛ”(ω) ⟹imaginary factor( dielectric loss) 
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Fig. 6. The real part of dielectric permittivity and frequency  for pure and  doped tin oxide nanoparticles.  
 

 
Fig. 7. The imaginary part of dielectric permittivity and frequency for pure and  doped tin oxide 

nanoparticles. 
 

Fig. 6. shows the deviation of the real a part of impedance (Z’) as consequences of frequency. 

It is detected that Z decreases with increase in frequency for all compositions. It's due to increase in conductivity 

with frequency resultant from hopping phenomenon. The imaginary part of permittivity has been decreases with 

increase in zinc concentration at low frequency are shown in fig. 7. This is mainly due to the 

tiny material polarizability nature of zinc ions when replaces the tin ions. Therefore, increasing the dopant 

concentration of zinc ions may be the reason to decrease the material polarization. Hence, the material constant 

is decreased successively.   

 

Conductance Spectra Analysis: 
From the conductance spectra analysis, the dc conductivity has been determined for pure and doped tin 

oxide nanoparticles. The conductivity is increased with increasing the various concentrations of zinc ions. The 

Ag metal ions also the main reason for the drastic changing of conductivity. The Plasmon resonance is observed 

in UV-visible absorption spectroscopy which confirmed the presence of silver in the doped samples.  
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Fig. 8.  The conductance spectra of zinc, PVP and silver doped tin oxide nanoparticles. 

 

The conductance spectra of zinc, PVP and silver doped tin oxide nanoparticles are shown in fig. 8.  The 

ionic conductivity is increased for doped samples when compared to pure tin oxide nanoparticles is given in 

Table 2. The variation of conductivity with respect to the frequency is determined from the correlation of barrier 

hopping (CBH) model in different doped samples at room temperature14. Also, the increasing the conductivity 

due to the jumping of charge carrier in possible barrier in doped sample and this is occurring due to the defects 

presented in the sample. The greater number of oxygen vacancies are created due to the increasing concentration 

of zinc ions replaces the tin ions in the lattice sites15. Therefore, the oxygen vacancies are playing the significant 

role in movement of ions which cause the increasing conductivity for doped samples. Hence, the conductivity is 

high in high frequency region for doped samples but it is differed for as prepared tin oxide nanoparticles. 

Therefore, the decrease in dipole moment is observed for pure tin oxide nanoparticles due to the less quantity of 

oxygen vacancy when compared to doped samples. Therefore, the hopping mechanism is hindered for as 

prepared tin oxide nanoparticles. 

 

Table 2. The ionic conductivity of pure, Ag, PVP and Zn doped tin oxide nanoparticles 

 

Samples Ionic conductivity 

Pure SnO2 3.39×10-7 

Doped 1 1.54×10-7 

Doped 2 2.53×10-6 

Doped 3 1.73×10-6 

 

NYQUIST PLOT: 

The electrical characterization was studied for as prepared and Ag, PVP and Zn doped tin oxide 

nanoparticles by AC impedance spectroscopy. The Nyquist plot (cole-cole plot) is used to evaluate the real and 

complex impedance of pure and Ag, PVP and Zn doped nanoparticles is shown in fig. 9. 

                                  Complex impedance :  Z*(ω)=(Z’-jZ”) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.  Cole –Cole plot for prepared samples of pure and Zn, PVP, Silver   doped SnO2 nanoparticles 
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Fig. 10.  represent that the complex impedance plots of as prepared and Zn, PVP and silver doped SnO2 

nanoparticles. The compound plane of Zn, PVP, Silver doped SnO2 nanoparticles signified by semicircles 

confirmed the grain effect, grain boundary effect and grain electrode effect. It confirms that impedance spectrum 

for different doping concentration of Zn in SnO2 nanoparticles. The certain semicircular array was obtained for 

every single sample and also noticed that slope of lines decreases with respect to doping concentration and it 

bends towards the Z’ axis. 

 

 
Fig. 10. The variation in real part of impedance (Z’) 

 

The variation in real part of impedance (Z’) as a function of frequency is shown in fig. 10. It has been 

observed that Z′ decreases with the increase in frequency for all the compositions. This is due to the increase in 

conductivity with frequency resulting from hopping phenomenon. It can also be seen from Fig. 9. that Z ′ has 

strong frequency dependency in the lower frequency region and shows frequency independent behavior in the 

higher frequency region. Due to the effectiveness of grain boundaries in this region, it attributed to the fact that 

low frequency region resembles to high conductivity. Moreover, Z ′ decreases with the increasing doping 

concentration. 

 

 
                                                   Fig .11 The variation in imaginary part of impedance(Z”) 

 

Figure 11 shows the variation of  imaginary part of impedance (Z ′′) as a function of frequency  for 

pure and Zn, PVP, silver doped nanoparticles. The similar behavior is observed for Z ′ also. Hence, the 

imaginary part of impedance (Z′′) decreases with the increasing concentrations of Zn ions in tin oxide 

nanoparticles. The PVP may be the reason to decrease the Z’ for pure and doped samples. The semicircles in the 

lower frequency region shows the effect of grain boundaries which enhance the conductivity of nanoparticles in 

doped samples, PVP and Ag also play the main role to vary the conductivity. The electrical characteristic of a 

material is studied by the appearance of semicircular arcs in Nyquist plots. 
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Electric Modulus Spectra Analysis: 

The electrode effect can be suppressed by M* formalism. then, electric modulus M’ and M” can expressed by 

the given reaction 

                                                          M*=1/ɛ* 

 

 
Fig. 12. Variation of M’ with frequency for the Zinc, PVP and silver doped tin oxide nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Variation of M” with frequency for the Zinc, PVP and silver doped tin oxide nanoparticles 

 

Fig. 12 and 13 shows the frequency dependance of the real and imaginary parts of modulus spectra. At 

higher frequencies the modulus spectrum of Zinc, PVP, and silver doped tin oxide nanoparticles peak was 

detected. At low frequencies the values of M’ and M” approaches zero which indicates that electron polarization 

is negligible.  

 

IV. Conclusion  
Pure and Zn, PVP and Ag doped tin oxide nanoparticles were successfully synthesized by microwave 

assisted chemical co-precipitation method. The Ag and Zn ions replaced the tin ions in tin oxide lattice sites. 

Therefore, no zinc and silver peaks are separately detected in XRD pattern. The X-ray diffraction pattern 

revealed the tetragonal rutile structure of tin oxide for pure and doped nanoparticles. The band gap is increased 

with increasing concentration of zinc doped tin oxide nanoparticles. The Surface Plasmon resonance peak is 

observed in UV-Visible absorption spectroscopy due to silver doped tin oxide nanoparticles which enhanced the 

conductivity of nanoparticles. 
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