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1.0  Introduction
Several gases are released, which has an effect on the 
environment, and this is a result of the rising population, 
industrialization, automobiles, air conditioners, and other 
sources. Studies aimed at identifying and controlling 
these gases are currently being conducted. The burning 
of fossil fuels, the emissions from automobiles (internal 
combustion), explosions, welding, and other human-
caused causes all make major contributions as well. Novel 
and complex sensing methods have been developed 

due to the need for monitoring/controlling the ambient 
environment (temperature, air pressure, and humidity) 
in museums, organic farming, the paper industry, 
sophisticated instruments, pharmaceuticals, electronics 
manufacturing, packaging, research labs, the medical 
industry, and standard/calibration laboratories.

From previous research reports depicts the various 
forms of SnO2 nanoparticles such as nanorods, nanotubes 
and nanobelts were studied, the unique structures play an 
important role in improving the sensing performance1-4. 
It should be noted, nevertheless, that in addition to 
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Abstract
In this work RGO-SnO2 (RGS) nanocomposites were synthesized by ex-situ polymerization method by varying the concentrations 
of RGO nanoparticles in SnO2 matrix (0, 5, 10, 15, 20 wt%). The synthesized nanocomposites were subjected to structural 
characterizations viz, X-Ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), Field Emission Scanning 
Electron Microscopy (FESEM) techniques. XRD and FTIR spectroscopic studies reveals the presence of characteristic bands of 
both RGO, SnO2 nanoparticles and formation of their composites confirmed with the interfacial interaction of RGO nanoparticles 
in the SnO2 systems. FESEM images of RGS nanocomposites depicts the spherical morphology. Electrical properties of the 
synthesized samples were studied with respect to the frequency range 100 Hz to 5 MHz at room temperature. The gas sensing 
performance of the RGS nanocomposites were studied at 3 different temperatures (200, 250, 300 0C) for 4500 PPM of ethanol 
vapors and at 3000C the sample 90SnO2:10RGO shows ~145% of sensitivity with the good response of 18 s and recovery time 
of 194 s.
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variety of industries, including the chemical, biomedical, 
pharmaceutical, and food industries, in particular during 
the production of alcoholic beverages to monitor the 
wine quality, clinical diagnosis, cooking, agricultural, 
horticultural, and veterinary analysis, contamination and 
pollution analysis, fermentation control and analysis, 
analysis of flavors and pheromones, explosives detection, 
and biochemical defense for the military11. In addition, 
ethanol sensors are required for the monitoring of 
biochemical.

In the present work, the prepared composite materials 
were characterized through various techniques such 
as X-Ray Diffraction (XRD), Fourier Transformation 
Infrared Spectroscopy (FTIR), Field Emission Scanning 
Electron Microscopy (FESEM), electrical properties were 
analyzed using impedance analyzer at room temperature 
and gas sensing studies were conducted using in-house 
fabricated gas sensing chamber. The sensing properties of 
the thick films were studied for ethanol vapors at different 
temperatures with 4500PPM of ethanol concentration.

2.0 Materials and Methods

2.1 Materials
All AR grade chemicals were used viz., Graphite powder, 
Sodium nitrate, Sulphuric acid, potassium permanganate 
Hydrochloric acid, Hydrogen peroxide, hydrazine 
hydrate, tin chloride dehydrate, nitric acid, citric acid, 
were procured. 

2.2 Sample Preparation
SnO2 was prepared by gel combustion method, the 
raw materials used were tin (II) chloride dihydrate 
(SnCl2.2H2O) and 6.2 moles of Nitric acid (HNO3) which 
is used as an oxidizer. These raw materials were dissolved 
in distilled water and mixed in an appropriate ratio to form 
a tin nitrate solution. Then Citric acid (C6H8O7) which 
acts as fuel was added to this solution, the amount of 
citric acid was fixed at 1.5 moles. The solution was heated 
with constant stirring at a temperature of about 90°C in a 
borosilicate beaker, then the concentration of the solution 
slowly became higher, eventually a polymeric precursor 
formed, when the temperature was raised to about 
300°C, the precursor underwent a strong, self-sustaining 
combustion reaction with evolution of large volume of 
gases and swelled into voluminous and foamy ashes. The 

structural analysis, porosity has previously been shown 
to be a useful method for increasing SnO2 sensitivity to 
reducing gas5. 

Graphene oxide is a single-atomic-layered material 
that is derived from graphene, which is composed of 
carbon atoms arranged in a hexagonal lattice. Graphene 
oxide is created by the oxidation of graphene, which 
introduces oxygen-containing functional groups such 
as hydroxyl, carboxyl, and epoxy groups to the carbon 
lattice. This process alters the electronic and chemical 
properties of graphene, making it more hydrophilic and 
easier to process into various forms. Graphene oxide is 
subjected to a reduction process, which involves the 
removal of oxygen-containing functional groups to 
produce Reduced Graphene Oxide (RGO), GO is to be 
reduced incrementally so that the electrical conductivity 
can be tuned over several orders of magnitude6,7.

Composites made of RGO-SnO2 (RGS) materials 
with characteristics of both tin oxide and RGO, the 
semiconducting material SnO2 has several uses, 
including gas detection, energy storage, etc.,8. A 
composite material including SnO2 and RGO has 
greater conductivity, better gas sensing characteristics, 
and better electrochemical performance, when the 
SnO2 nanoparticles were spread throughout the RGO 
matrix, the surface area is increased and the accessibility 
of the active sites is improved, resulting in better gas 
sensing characteristics6,9. Researchers have looked at the 
composites for use in various strategies, including gas 
sensors, lithium-ion batteries, supercapacitors, etc. RGS 
composites were generally synthesized in three distinct 
steps, (a) RGO was prepared using chemical process, (b) 
SnO2  nanoparticles using a gel combustion method, (c) 
the prepared RGO which is then combined with SnO2 
nanoparticles using wet mixing method. Overall, RGS 
composites have promising properties that make them 
potential candidates for various applications in the 
various fields. 

Most of the materials used so far to meet these demands 
belong to three categories namely semiconductors, 
ceramics and polymers. Only few sensors can sense 
ethanol at room temperature and most of them work 
at high operating temperatures3. Hence, still there is a 
need and scope of improving the sensor performance 
for ethanol vapors. One of the most crucial aspects in 
the field of sensors is the detection and measurement of 
ethanol vapor10. Ethanol sensors are necessary for a wide 
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entire combustion process ended in a few minutes, the 
resulting ashes were then calcined at a temperature of 
8000C (for 2 hour) until complete decomposition of the 
carbonaceous residues was achieve to the obtained white 
powder of SnO2 

12. 
In a typical procedure, graphene oxide was synthesized 

from the graphite powder using a modified Hummer’s 
method13,14. The typical procedure is as follows: graphite 
powder (2 g) and NaNO3 (1 g) were combined with H2SO4 
(46 ml) and stirred for 60 min in an ice bath. 10g of KMnO4 
was added to the resulting solution, and the solution was 
then stirred at 30 0C for 1 h. 500ml of Deionized water was 
added dropwise and 5ml of 30% conc H2O2 were slowly 
added to the above solution, and the resulting solution 
was washed with 0.1N HCl of 300 ml, additional washing 
with concentrated 1N HCl afforded the GO product as a 
powder. Subsequently, the GO powder sample was dried 
at 70 0C for 24 h. To generate RGO, the graphene oxide 
was sonicated for 2 hours at room temperature, hydrazine 
hydrate was added drop wise to the exfoliated graphite 
oxide suspension at room temperature. The reduction 
was performed at 100 0C for 60min, the weight ratio for 
hydrazine hydrate and GO was maintained at 9:7 for this 
sample15. Resultant black precipitates were filtered by 
Whatman filter paper and washed with a 1N HCl solution 
and distilled water to obtain neutral pH, finally the filtrate 
was dried at 65 0C temperature for 24 h to obtain RGO.

The composites of RGO-SnO2 were prepared by wet 
mixing method, desired weight percent (wt%) of RGO 
and desired wt% of SnO2 were mixed with 20 ml ethanol 
as the weight ratios of RGO:SnO2 are (a) 05:95, (b) 10:90, 
(c) 15:85 and (d) 20:80, were weighed and transferred 
to a beaker, the solution was homogeneously stirred 
by magnetic stirrer to get uniform gel like sample. The 
sample is further heated with hot air oven at 60 0C for 
12 hours and later the prepared sample were ground in 
an agate mortar and pestle and sent them for further 
characterizations.

2.3 Characterization Techniques
The prepared samples were subjected to structural, 
morphological and optical characterizations viz., Xray 
diffraction (XRD) spectra from Rigaku Smart-lab Cu-Ka 
radiation wavelength of 1.54 Å, Fourier transform 
infrared (FTIR) spectra was recorded by Bruker-alpha 
using KBr pellets, Field Emission Scanning Electron 
Microscopy (FESEM) images were taken using Zeiss 

Ultra-55 microscope, High Resolution Electrical results 
were carried out using waynker Impedance analyzer, gas 
sensing studies were analyzed by in-house fabricated gas 
sensing chamber16,17.

3.0 Results and Discussion
The X-ray diffraction analysis were carried out for the 
prepared, RGO, SnO2, RGO:SnO2 composites which 
is depicted in the Figure 1, pure single phase SnO2 
nanoparticles were depicted a good crystalline character 
according to the standard JCPDS file number 41-1445.18 
XRD pattern of RGO showed the broad peak is observed 
due to the Reduction of oxygen at 25.520 & 2θ value 
of 43.1320  which confirms the formation of reduced 
graphene oxide. From the XRD spectra one can confirm 
the formation of RGO-SnO2 composites and there are no 

Figure 1.  XRD patterns of RGO, SnO2 and RGO:SnO2 
samples.
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additional peaks were observed from the impurities thus 
confirms the purity of the sample.

The FTIR spectra of RGO, SnO2, RGO:SnO2 
composites were depicted in Figure 2. Due to the 
Reduction of Graphene Oxide some of the functional 
groups which are present in the Graphene Oxide 
disappears, we can see these using the FTIR spectroscopy. 
The typical peaks at 417 & 608 cm-1 reveal the presence 
of the vibration mode of Sn-O from SnO2, which is 
more obvious in the RGS composites with increasing the 
amount of RGO. The band at 1635 cm-1 is assigned to the 
vibration of the adsorbed water molecules as well as to the 
contributions from the skeletal vibrations of un-oxidized 
graphitic domains, which are also present in the RGS 
composites thus confirms the formation of composites. 
The bands at 1730 and 1060 cm-1 are assigned to the C = O 
and C-OH stretching vibrations of COOH groups which 
confirm the existance of RGO in the RGS composites. The 
broad band ranging from 3600 to 3000 cm-1 corresponds 

to the O-H stretching vibrations of adsorbed water  
molecules.

Figure 3 depicts the FESEM images of RGO, SnO2, 
RGO:SnO2 composites of powdered samples, used to 
analyze the surface morphology. FESEM images of the 
SnO2 particles was found that crystallites of powdered 
sample are spherical in shape with agglomerated and 
porous in nature. The SnO2 sample showing porosity 
due to the rapid release of large volume of gaseous 
by-products during the combustion reaction which 
helps to enhance the adsorption of ethanol molecules 
on sensor material. Pure RGO sample showing wrinkled 
in structure due to the reduction RGO from GO, this is 
due to escape of oxygen atoms which is present on the 
surface of the GO. The RGS composites shows the SnO2 
particles were decorated on the surface of the RGO sheets 
as increase in the amount of RGO the SnO2 particles 
were uniformly arranged on the surface. Plenty of voids 
present in the RGS composites benefits the effective 
contact for the effective charge transfer as a chemiresistive  
material.

Figure 2.  FTIR spectra of RGO, SnO2 and RGO:SnO2 
samples.

Figure 3.  FESEM images of the RGO, SnO2 and 
RGO:SnO2 composite samples.
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The complex relative permittivity can be defined as 
		  (1)

ε’ & ε” is calculated by the following equations;
		   (2)

		  (3)

Where, “C” is the capacitance, “t” is the thickness “A” 
is the area of active electrode surface of the sample holder 
(cm2), C0 is defined as ,  is the permittivity 
in free space.

Figure 4 depicts dielectric constant as function 
of frequency for RGO, SnO2, RGO:SnO2 composites 
of pellet samples. It was observed that as frequency 
increases the dielectric constant decreases and saturates 
at higher frequency region this may be attributed due to 
the Debye-like relaxation mechanism19. Compared to all 
samples 95SnO2:05RGO composite sample shows high 
dielectric constant and 85SnO2:15RGO sample shows 
low dielectric constant. It was observed that the dielectric 
loss values decrease with increased frequency and reach 
constant values at higher frequencies as shown in Figure 
5, this happens due to the effect of interfacial polarization 
in the prepared samples, generally consisting of well-
conducting grains separated by poorly conducting grain 
boundaries, thus revealing dielectric dispersion follows 
the Maxwell–Wanger double-layer model. This was due 
to the structural inhomogeneity of the materials.

Figure 5.  Dielectric loss of the RGO, SnO2 and 
RGO:SnO2 composite samples.

Figure 4.  Dielectric constant of the RGO, SnO2 and 
RGO:SnO2 composite samples.

Figure 6.  Gas sensing properties of RGO:SnO2 
composite for 4500PPM of ethanol vapors.

Gas sensing measurement were carried out by making 
use of an in-house fabricated gas sensing chamber. To 
evaluate the gas sensing response of synthesized RGO, 
SnO2 and RGO:SnO2 composite were deposited as a thick 
film on an alumina substrate, the conductive silver paste 
was painted at the two opposite sides of the films to get the 
ohmic contacts Figure 6. The prepared pellet sample was 
kept inside the in-house fabricated gas-sensing chamber 
and the electrical resistance of the sample was measured 
in normal atmosphere (Ra) and the presence of test gas 
(Rg) by making use of a multimeter at room temperature20.

The ethanol vapor sensing studies were characterized 
for all the prepared samples at 200, 250, 300 0C temperature 
are shown in Figure 4. The change in resistance of the 
sample in the presence and absence of higher PPM of 
ethanol vapors can be used as the sensing performance 
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in terms of sensitivity, the sensitivity of the sensor can be 
calculated by using following equation 

Sensitivity (S) % = {( Rg ~ Ra ) / Ra } * 100    	 (4)
The effect of different wt% SnO2 and RGO incorporated 

were investigated. The sensing performances of 4500PPM 
ethanol vapors for all the prepared samples were studied 
at a 200, 250, and 3000C temperatures which is depicted in 
the Figure 4. The sensitivities SnO2 particles for the 4500 
PPM of ethanol vapors at 200, 250, and 3000C temperatures 
was 26, 33, 47% the response time is 33, 26, 24s and the 
recovered in 133, 162, 189s. For the 4500 PPM of ethanol 
vapors at 200, 250, and 300 0C temperatures sensitivities 
95SnO2:05RGO composites was 20, 26, 33% the response 
time is 46, 23, 18s and the recovery time is 148, 112, 103s. 
For the 4500 PPM of ethanol vapors at 200, 250, and 300 
0C temperatures sensitivities 90SnO2:10RGO composites 
was 29, 42, 145% the response time is 12, 15, 26s and 
the recovery time is 113, 194, 213s. For the 4500 PPM 
of ethanol vapors at 200, 250, and 3000C temperatures 
sensitivities 85SnO2:15RGO composites was 28, 50, 73% 
the response time is 9, 26, 33s and the recovery time is 
67, 68, 164s. For the 4500 PPM of ethanol vapors at 200, 
250, and 3000C temperatures sensitivities 80SnO2:20RGO 
composites was 8, 19, 34% the response time is 5, 6, 7s 
and the recovery time is 134, 173, 223s. From all the 
composite samples 90SnO2:10RGO composite sample 
shows highest sensitivity of 145% which is a good ethanol 
sensor material.

4.0 Conclusions
The SnO2, RGO and RGO-SnO2 composite were 
successfully prepared, the prepared samples confirmed 
the formation by XRD and FTIR spectroscopy. The SnO2 
particles show spherical in shape with agglomerated 
and porous in nature, increase in addition percentage of 
RGO prevent agglomeration of SnO2 particles, which in 
turn inhibits restacking of the RGO sheets; the resultant 
composites show porous high specific surface area 
nanohybrid with enhanced oxygen adsorption capabilities 
and suitable ethanol sensing features. The dielectric 
constant and dielectric loss spectra of prepared samples 
shows similar behavior as that of frequency increases 
there is a decrease in both spectra this is occurs due to 
the effect of interfacial polarization in the materials. 
The ethanol vapor sensing studies were conducted at 

3 different temperatures of 200, 250 and 300 0C using 
in-house fabricated gas sensing chamber, compared to 
all the samples 90SnO2:10RGO composites shows high 
sensitivity of 145% for the 4500PPM of ethanol vapors 
with the response time of 26s and recovered in 213s. Thus 
synthesized RGS samples are having good stoichiometric 
compositions and excellent quality which justifies the 
method of synthesis varies the properties of the sample 
and percentage of dopants leads to enhance the properties 
of the material.
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