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Nanostructured materials have attained incredible interest in recent days due to their distinctive 

chemical, physical, mechanical, magnetic and optoelectronic properties. In the present study, metal nano 

particle (SnO2) was doped with graphite, graphene oxide (GO) and reduced graphene oxide (rGO) with 

various composition (1:100), (1:1) and (100:1) by weight ratio. The citrate-nitrate gel combustion 

method was used to prepare nanocrystalline SnO2 while GO and rGO were synthesized through modified 

Hummer’s method. The preparation of SnO2-rGO composites was done using a one-step hydrothermal 

process. The electrical and structural behaviour of the composites of graphite, GO and rGO mixed with 

SnO2 were elucidated by the impedance analyzer in the frequency range from 10Hz to 1MHz. It is 

observed that the composite of SnO2 with graphite and reduced graphene oxide have similar broad 

characteristics while SnO2 mixed with GO is exhibiting different properties which could be attributed to 

the presence of oxygen functionaries. 
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1. INTRODUCTION 

Metal oxide nanostructures have attracted a lot of interest in recent days because of their 

distinctive chemical, physical, mechanical, magnetic and optoelectronic properties alongside its finite 

size and high surface to volume proportion. Tin oxide (SnO2) stands out as the most essential material 

because of its high level of transparency in the visible spectrum, physical and chemical association with 

adsorbed species, with a wide energy gap (Eg =3.6 eV) making it as a novel material [1-10]. 

Graphite is an allotrope of carbon having sp2 hybridization, excellent conductor of heat and 

electricity. Its properties can be altered by controlling the oxidation and reduction. The same carbon can 

have sp3 structure like diamond which is a bad conductor or it can be tuned to reduced graphene oxide 
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which is a semiconductor. Also, graphite can be changed to graphene oxide (GO) by modified Hummer’s 

Method and upon reduction it turns to rGO. In terms of electrical conductivity, graphene oxide is often 

labelled as an electrical insulator, due to the disruption of its sp2 bonding networks. While reduced 

graphene oxide (rGO) acts like a semiconductor, the electrical conductivity of rGO can be regulated by 

varying the oxygen concentration. [11-17]. 

Tin oxide (SnO2) and its composite semiconductor have found wide applications in sensors, 

detectors and energy harvesting applications. Many researchers are interested in tin oxide-graphene 

composites due to possibility of enhancing properties like higher band gap, high surface area, chemical 

stability and electro catalytic activity. One can alter the resistance, capacitance, dielectric constants, 

tangent loss and AC conductivity of SnO2 nanoparticle by making composites with graphite, GO and 

reduced graphene oxide with variations in frequency. In the present study tin-oxide prepared by Gel 

combustion method is made composite with nanocarbon having conducting, semiconducting and 

insulating properties. These composites have variations in electrical properties. This can lead to various 

applications of such composites in lithium-ion batteries, super capacitors, biosensors and photo catalysis 

[18-24]. 

 

 

 

2. MATERIALS AND METHODS 

2.1 Synthesis of nano-crystalline tin oxide  

Tin oxide nanoparticles were prepared by gel combustion method followed by calcinations at 

high temperature as reported by our earlier study [1]. The synthesized SnO2 nanostructure was calcined 

at 600°C (873K) for two hours. The obtained product was used for making the composites and to 

investigate the various changes in the properties of nanocarbon- tin oxide composites. 

 

2.2. Synthesis of tin oxide–nanocarbon composites  

Modified Hummer's method was used to make graphene oxide from graphite powder and 

reduction of graphene oxide was further achieved by hydrothermal approach.  

The nanocomposites of tin oxide –graphite, tin oxide-graphene oxide and tin oxide- reduced 

graphene oxide was made by mixing different ratios of respective compounds.  Nanocomposites were 

prepared for various concentration ratios viz (100:1), (1:1) and (1:100), (by ratio of weight SnO2: rGO) 

and designated as S1, S2, and S3 respectively [2-7]. Each sample was pressed into pellets by using 

hydraulic press. The pellets are further sintered at 150°C for 1 hour. To make proper electrical contact, 

the pellets were coated with silver paste on opposite sides. The diameter of the disc shaped pellets was 

about 13 mm. The electrical measurements were carried out by using a dielectric cell and impedance 

analyzer (Model: (LCR-8101G) with frequencies ranging from 10 Hz to 1MHz at room temperature with 

a voltage of 1V. For the electrical conductivity measurements, the capacitance, impendence (Z), real and 

imaginary dielectric constants were measured over the same frequency range. The dependence of real 
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and imaginary dielectric constants, ac conductivity, dielectric loss, resistance and capacitance values as 

a function of frequency are calculated. 

The impedance Z consists of real part and imaginary part. By expanding it on a complex plane, 

the individual parameters can be calculated. The impedance Z can be expressed as follows:  

Z = Real part (Re) + Imaginary part (Im).     (1) 

θ = tan – (Im/Re)    (2) 

Z' = ǀZǀ cos θ     (3) 

Z'' = ǀZǀ sin θ     (4) 

The value of real dielectric constant (ε') is calculated by using the equation,   

 ε' = (Cpd)/(εoA)    (5) 

where εo is the permittivity of free space (8.854 * 10-12 F/m), d and A are the thickness and area 

of the respective sample pellet and Cp is the capacitance of the sample in Farad. 

The resistivity, ρ = (Rs A)/d   (6) 

 where Rs is the resistance of the pellet. 

The conductivity, σ =1/ρ    (7)    

The imaginary dielectric constant can be calculated by using the formula, 

ε'' = ε'/(ω Cp R)     (8) 

where ω is the angular frequency. The dielectric loss (tanδ) can be calculated as the ratio of 

imaginary dielectric constant to real dielectric constant.   

tanδ = ε''/ ε'      (9) [5] 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Electrical analysis of Graphite –SnO2 composite 

The dependence of electrical behavior of graphite-SnO2 composite is studied in the frequency 

range (10Hz – 1MHz) and are presented in the following session.  
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Figure 1. Variation of the resistance as function of frequency for SnO2- G (Graphite) composites 
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The ac resistance of the pure Graphite(G) and tin oxide - Graphite composites are presented in 

Figure 1. and that of pure SnO2 is depicted in Figure 1(inset). The resistance clearly follows the trend of 

variation in conductivity with frequency indicating a transition, from a semiconductor to a conductor. 

The value of resistance of pure SnO2 is found to be 20x10 3Ω and is linearly decreasing with increase in 

frequency. At 1MHz it is found to be 2.717 kΩ exhibiting a decrease of 8-fold. Upon adding graphite to 

SnO2 in the ratio100:1 by weight, the resistance at low frequency is found to be 1kΩ and the value is 

drastically lowered to 0.55 kΩ at 1MHz. On the other hand, when the composition of SnO2: Graphite is 

changed to (1:1) and (1:100) ratio, the resistance of the composite is altered altogether and is in the range 

of pure graphite as depicted in Fig 1(b). It is also worthwhile to mention that at low frequencies, the 

resistance is more or less constant (100 Hz to 100 kHz), above which there is a variation in resistance 

marginally. It is inferred that the composite has different AC resistance at various frequencies. It is also 

depending upon the amount of SnO2 in graphite composite. So, by altering the proportion of both 

materials, one can easily tailor the electrical resistance of the composite [25-29]. 
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Figure 2. Variation of capacitance as function of frequency for SnO2- Graphite composites 

 

The capacitance behavior of the SnO2-Graphite composite in terms of frequency versus 

capacitance is presented in Figure 2. SnO2 nanostructure shows a capacitance of 3.71 x 10-8 F at low 

frequency and is lowered to 6.62x 10 -10 F at high frequency. There is not much variation in the 

capacitance value for a wide range (1kHz – 1MHz). But the (100:1) composite exhibit a capacitance 

value of 2.30x10-7 F at low frequency which shows a sixfold increase. (The capacitance values of other 

composites are as shown in inset) The capacitance value is exponentially decreased with increase in 

frequencies and constant at high frequency exhibiting the same trend as that of pure SnO2. For the 

composites, the value of capacitance is noted as 3.6x 10 -6 F, which is 100 times more than that of pure 

SnO2. This value is drastically reduced to 5.68x10 -8 F at high frequency [30-36]. 
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Figure 3. Variation of real dielectric constant as function of frequency for SnO2- Graphite composites 

 

The dielectric strength of the composite is estimated using the expressions equations (5) and (8) 

The real part of the dielectric strength of the composite materials are depicted in Figure 3 The real value 

of the dielectric strength (ε’) of SnO2 is found to be 2.92 x 104 at 20 Hz and exponentially decays at 

higher frequencies. The composite 100: 1 shows the dielectric strength be 2.12 x 105 at the same 

frequency. The other composites like (1:1), (1:100) & Graphite (G) shows higher dielectric strength at 

low frequency which decreases with increase in frequency. This could be as a result of charge carriers 

accumulating at grain boundary and is in agreement with the reported study [5-9, 37]. 
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Figure 4. Variation of imaginary dielectric constant as a function of frequency for SnO2-Graphite 

composites 

 

 

The imaginary part of the dielectric strength (ε’’) also exhibiting the same behavior as shown in 

Figure 4. At low frequency it shows dependence on frequency and drastically decreases as the frequency 

increases at room temperature. From the graphs (Figures 3 & 4), it is evident that both real and imaginary 

parts of the complex dielectric permittivity are frequency dependent. 
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Figure 5. Variation of dielectric loss (tan δ) as function of frequency for SnO2- Graphite composites 

 

It is a known fact that the dielectric loss represents the loss of energy in the system. The variation 

in loss of the dielectric strength (tan δ) is exhibiting an interesting trend for pure SnO2 and composite 

(100:1) ratio as   presented in Figure 5. The variation in dielectric loss of the SnO2 is quicker than that 

of the composite with increase in frequency. 
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Figure 6. Variation of ac conductivity as function of frequency for SnO2-Graphite composites. 

 

The AC conductivity of the obtained composite is compared with that of SnO2 and graphite as 

depicted in Figure 6. It is clearly observed that the conductivity is independent of frequency indicating 

a dc trend in the case of pure graphite, graphite- SnO2 composite with the ratios (1:1) and (1:100). The 

pure SnO2 shows conductivity of 3.267x 10-4 S/m at low frequency and exponentially increases to 

2.32x10-3 S/m at 1 MHz. This is attributed to the fact that ac conductivity is due to high polarization of 

charge carriers and ac-hopping conduction of the localized sites [8]. But the composite (100:1) is 
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showing a linear increase till 137 Hz and thereafter shows a systematic variation. The composite 1:1 

exhibit a conductivity at 1.2 S/m. Graphite being a good conductor showed 1.45 S/m till 79.43 kHz. The 

frequency independent behavior of conductivity of graphite is depicted in the graph. The conductivity 

of composite (1:100) is higher (1.54) than the other two composites. 

It is noticed that upon addition of graphite to SnO2 nanostructure the electrical behavior of the 

composite is modified. Capacitance and dielectric behaviors of the composite has shown variations with 

increase in frequency. 

 

3.2 Electrical analysis of SnO2 – GO composite 

The electrical behavior of SnO2 composite with Graphene Oxide is investigated and presented in 

the following section.  
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Figure 7. Variation of resistance as function of frequency for SnO2- GO composites 
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Figure 8. Variation of capacitance as function of frequency for SnO2- GO composites 

 

The variation of resistance of the composites of SnO2 and GO of the concentrations (100:1), (1:1) 

and (1:100) are studied along with pure SnO2 and presented in Figure 7. In the (100:1) and (1:100) 
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composite of GO and SnO2, the resistance shows the same trend as that of SnO2 exhibiting high resistance 

at low frequencies. Again, at 16.2 kHz, the resistance of (100:1) composite is becoming more than that 

of SnO2.  

The capacitance behavior of the SnO2-GO is depicted in Figure 8.  The SnO2-GO composite 

(100:1) exhibit a capacitance of 4.88x10-8 F while for (1:100) composite, the capacitance value halved 

(2.48x10 -8 F). But in the same weight proportion of SnO2-Graphite composite, the capacitance is about 

2.37x10 -7 F. There is reduction of capacitance value by ten-fold. While the capacitance of GO and 1:1 

composite has the capacitance value of 3.44x10-6F. This is an appreciable value compared to the value 

of SnO2-Graphite composite. This indicates that adding the GO to the SnO2 matrix in the ratio (1:1) has 

enhanced the capacitance of the composite  
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Figure 9. Variation of real dielectric constant as function of frequency for SnO2- GO composites 

 

The real part of dielectric strength of SnO2-GO composite is presented in Figure 9. The dielectric 

constant decreases with increase in frequency. This behavior is a general trend for any dielectric material 

which can be attributed to the scattering of charge carriers at high frequencies and also the fast variation 

of electric filed as a result of the frequency variation. The decrease of (ε') with frequency can be 

attributed to the fact that at low frequencies (ε') for polar materials is given by the sum of all the 

polarizability components which include ionic, electronic, orientation and interface [8]. It is reported 

that the space charge polarization which occurs due to impedance mobile charge carries by interfaces 

and usually takes place at 1to103 Hz. All these contribute to the total polarization of the dielectric 

material.  The orientation polarization decreases as the frequency is increased because it takes longer 

than electronic and ionic polarization. The dielectric constant decreases as a result, reaching a constant 

value at higher frequencies, leading to interfacial polarization [6].  The dielectric values of pure GO and 

the composite of GO and tin oxide (1:1) are depicted in Figure 9 (b) which shows the values 5.79 x 104 

F/m and 3.94 104F/m respectively at low frequencies. But at 212.8 kHz, its value is lowered to 1.434x104. 

But in the case of the composites (100:1), and (1:100) they exhibit the same trend as that of pure SnO2.  
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Figure 10. Variation of imaginary dielectric constant as function of frequency for SnO2- GO composites. 

 

The imaginary part of the dielectric strength is also showing the same trend as shown in Figure 

10(a) which is similar like that of the real part as depicted in Figure 9(a). It is obvious that (ε'') decreases 

as frequency increases.  The decrease in the imaginary part of the dielectric constant with frequency can 

be explained by the fact that migration ions are the key cause of decrease in the imaginary part of the 

dielectric constant at lower frequencies. Because of the contribution of ion hop and conduction loss of 

ion migration in addition to ion polarization, the imaginary part of the dielectric constant at low and 

moderate frequencies has high values [6]. The ion vibration may be the only source of the imaginary 

component of the dielectric constant at high frequencies, so (ε'') decreases as frequency increases. 

The real and imaginary dielectric constants have shown a 10-fold increment with SnO2-GO 

composite. 
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Figure 11. Variation of dielectric loss (tan δ) as function of frequency for SnO2-GO composites 

 

 

Figure 11. shows the variation of tangent loss as a function of frequency. The tangent loss shows 

very much low value for the composite compared to that of pure SnO2showing that these composites are 

well-suited to electronic applications such as capacitor fabrication [6]. While that of (1:100) and (100:1) 
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composite shows a decrease in trends with increase in frequency (For SnO2, it is 29.76 to 2.43, for 

(1:100) composite, it is 12.47 to 1.022 and for (100:1) composite, it is 8.95 to 1.022. 
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Figure 12. AC conductivity as function of frequency for SnO2-GO composites 

 

 

The AC conductivity of the tin oxide- graphene oxide composite is depicted in the figure 12. The 

interface charge polarization and intrinsic electric dipole polarization are thought to be responsible for 

the frequency dependence of ac conductivity. The pumping force of the field, which enables the transfer 

of charge carriers between different localized states as well as the liberation of trapped charges from 

different trapping centres, may explain the increase in ac conductivity with an applied field frequency. 

There is more charge accumulation at the electrode interface in the low frequency field, resulting in a 

decrease in the number of mobile ions. As a result, charge carrier mobility and number are limited, 

resulting in low conductivity. Frequency independence behavior of conductivity in low frequency region 

is also observed [6]. The ac conductivity of pure GO and the composite (1:1) have shown a decrease 

(0.679) compared to SnO2-Graphene oxide composite. When the tin oxide-GO composite ratios (100:1) 

and (1:100) are analyzed, they show a similar trend as that of SnO2. Also, on comparing the SnO2-GO 

composite with that of SnO2-Graphite composite, one can observe the (1:100) composite in both cases 

showing drastic variation in all the properties. 

Pure SnO2 and the composites (100:1) and (1: 100) of GO form a group which shows similar 

trends of change of properties unlike the graphite composites where (100:1) and pure SnO2 exhibit same 

set of behaviors.  

 

3.3. Electrical analysis of oxide Tin oxide- Reduced Graphene composite 

Figure 13 depicts the ac resistance of the SnO2: rGO composites. The behaviour of rGO and the 

composite of SnO2-rGO in the ratio (1:1) exhibit similar as that of GO- SnO2 (1:1) composite. The 

resistance values are almost same. The resistance of (100:1) composite is varying from 29.39 kΩ to 4.58 

kΩ. The resistance of the (1:100) composite (SnO2: rGO) is very low similar to the value of pure rGO. 



Int. J. Electrochem. Sci., 16 (2021) Article ID: 210810 

  

11 

When one has more presence of SnO2 as in the case of the composite (100:1) and (1:1), the SnO2 

characteristics prevails. 
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Figure 13. The variation of resistance as function of frequency for SnO2-rGO composites 
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Figure 14. The variation of capacitance as function of frequency for SnO2- rGO composites 

 

 

The capacitance behavior of SnO2: rGO composite is depicted in Figure 14. Here it is seen that 

pure SnO2 and SnO2: rGO in the ratio (100:1) have similar capacitance behavior. It is to be noted that 

the behaviour rGO is similar to that of graphene oxide.  
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Figure 15. Variation of real dielectric constant as function of frequency for SnO2- rGO composites 

 

 

Figure 15. shows the variation of real dielectric constant as function of frequency for SnO2- rGO 

composites. The dielectric constant decreases with increasing frequency and becomes fairly steady at 

high frequencies, as seen in the graph. This behavior can be explained in terms of Maxwell-Wagner-

Sillars effect [34]. Charge carriers can easily migrate and accumulate at grain boundaries as a result of 

this operation, contributing to a high dielectric constant value at low frequencies. Due to in-

homogeneous dielectric structure, the higher value of can also be explained in terms of space charge 

polarization. With higher frequencies, the polarization decreases until it reaches a nearly constant value. 
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Figure 16. Variation of imaginary dielectric constant as function of frequency for SnO2-r GO 

composites. 

 

 

Figure16. depicts the response of the imaginary dielectric constant for the SnO2- rGO composite 

with frequency. At lower frequencies, both the real (ε') and imaginary (ε'') parts of the dielectric undergo 

a sharp decrease before being nearly constant at higher frequencies. This drop in dielectric constant with 

increasing frequency may be due to dielectric relaxation, a phenomenon that indicates that charge carrier 

localization is not stable and that frequency disturbances influence the charge carrier. The higher 
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dielectric constant value can also be explained by the interfacial/space charge polarization caused by a 

non-homogeneous dielectric structure, such as porosity and grain structure in nanocomposite [35]. The 

presence of tin oxide in the composite determines the dielectric behavior of the material. So, when the 

tin oxide – reduced graphene ratio is in (100:1), the behavior is that of tin oxide. Similar characteristics 

was reflected in the case of reduced graphene oxide and its composites. 
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Figure 17. Variation of dielectric loss (tan δ) as function of frequency for SnO2-rGO composites 

 

 

The tangent loss is depicted in Figure 17. It is observed from Figure 17 that a comparatively high 

dielectric loss at low frequency with to pure tin oxide than in ratios of rGO- SnO2nanocomposite (100:1). 

This may be attributed to the high resistivity at low frequencies. Also, the tangent loss shows very much 

low value for the composite compared to that of pure SnO2. 
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Figure 18. Variation of AC conductivity as function of frequency for SnO2-rGO composites 

 

The AC conductivity response of SnO2-rGO composites is depicted in the Figures 18. When the 

composite is in the ratio (100:1), the conductivity increases linearly with change in frequency on a 

logarithmic scale. This also shows the ion transportation process in an ac electric field over a broad time 

scale. At the Wagner–Maxwell–Sillars region, the real conductivity values are found to be inversely 
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proportional to frequency. It is clear from the figures that the dominance of rGO and thereby the behavior 

of the composite in the ratio (1:100) & (1:1) is similar to rGO.   

The behavioral electric properties of graphite and reduced graphene oxide are matching with the 

composites of SnO2 -graphite and SnO2-rGO in the ration 100:1 Both graphite and rGO, when doped 

with SnO2 show high value of dielectric strength which means the conductivity is less.   

 

 

 

4. CONCLUSIONS 

The present study compares the electrical behavior of various composition of SnO2 with the 

carbon composites. Tin oxide was formed composite with graphite, graphene oxide and reduced 

graphene oxide with varying contents (1:100), (1:1) and (100:1) was successfully synthesized. It is 

observed that the composite of SnO2: graphite and SnO2: reduced graphene oxide has similar broad 

characteristics. SnO2: GO composite is exhibiting different properties which may be attributed to the 

presence of oxygen functionaries. It is worthwhile to mention that (100:1) composite of SnO2: GO 

composite is showing high value of resistance compared to other compositions. It is seen that in all 

composites, the real and imaginary part of the dielectric strengths have maximum value at low 

frequencies below 1 kHz which is mainly as a result of charges accumulated at the grain boundary. The 

dielectric constant decreases as the frequency changes since the space charge polarization gradually 

decreases, allowing the electronic and atomic contributions to take over. This can also be explained 

through the Wagner-Maxwell-Sillars effect.  This occurs due to the contribution of charge accumulation 

by electrode interface.  This also may be due to the alignment of dipoles with the direction of the applied 

field. The dielectric strength decreases as the frequency rises, possibly due to charge carrier scattering 

and the rapid deviation of the electric field. 
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