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Abstract – The pure tin oxide, SnO2, was
successfully synthesized by the homogenous
precipitation technique using tin acetate as a
precursor. The obtained powder was annealed at
different temperatures, 600, 700, and 800°C to
study the effect of annealing on particle size,
microstructure, and sensing properties. According
to the X-ray diffraction analysis, the annealing
process leads to changes in crystallite size, since this
increases with the annealing temperature. The
shape and particle size were recorded by SEM
analysis. The band gap values, around 3.5 eV, were
estimated
from
UV-visible
spectroscopy.
Additionally, the sensing response of tin oxide
pellets has been measured at different CO and
C3H8 concentration concentrations and operating
temperatures are reported.
Keywords – tin oxide, powder, pellets, annealing,
sensing properties.
I. INTRODUCTION

In the past decade, industrial and human actions have
polluted the environment with many toxic gases
released into the atmosphere. The main outcome of gas
is due to petroleum, oil, and coal combustion, which
are responsible to causes many diseases such as lung
cancer, and infection in the respiration track, which
causes breathing trouble; therefore, it is essential to
monitor gas in the atmosphere [1]. There are many
toxic gases, NO, CO, CO2, NH4, SO2, NO2, CH4, C3H8,
and other aliphatic hydrocarbons in the atmosphere,
from these, CO2 and C3H8 are poisonous gas in the
atmosphere. Volatile organic compounds, VOCs, are
common in the environment and have a high effect that
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highly affects safety [2]. Carbon monoxide is a
colorless and non-irritating gas with lots of harmful
content; it’s hard to detect by natural sensors. CO is
formed by burning fuel in industry, household
applications, and automobiles [3]. A CO exposure
higher than 35 ppm produces headache and dizziness;
if it exceeds 1600 ppm, the CO is dangerous [4].
Table1. Effect of symptoms when CO interacts with humans at
different concentration levels [3].
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Propane at a critical temperature of 94.4 °C is an
achromatic, odorless, flammable, and nontoxic gas.
Leakage of propane leads to anesthetic effects with
symptoms like dizziness and nausea[5]. Compared to
other petroleum products, propane causes less
pollution when used in vehicles. Still, in the industry
sector, propane is handled with care since its
flammability when it reacts with oxygen (in the air)
[6].
There are many techniques to detect gases in the
atmosphere, but MOS is a more effective, economical,
and eco-friendly technique [1]. Nano-dimensional
metal oxide has good sensing properties, and it is well-

known for its physical stability, easy synthetic method,
and facile fabrication [2]. A metal oxide gas sensor is
commonly used to detect VOC gases. It is the most
inexpensive technique compared to others with more
benefits and advantages such as high sensitivity and
quick response times [4].
The most common metal oxide semiconductor
materials found applied as sensors in the last few years
are ZnO, SnO2, TiO2, WO3, CuO, and In2O3. For solidstate gas sensors, SnO2 is one of the most used
semiconductors. SnO2 is an n-type semiconductor with
a band gap of around 3.6 eV at room temperature, 300
K. It has an excellent electrical conductivity field [7]
and fits in a surface-sensitive material [3]. Tin oxide is
transparent in nature and has high stability, high
optical transparency, and low electrical resistance [8].
SnO2 has been used in various applications such as UV
sensors, humidity sensors, gas sensors, biosensors, Liion batteries, photocatalysis, transparent electrodes,
solar cells, photodetectors, etc., due to their physical
and chemical properties [9][10][11].
SnO2 sensing properties depend on the surface area
interacting with oxygen or target gas. At the same
time, the sensing efficiency is improved by producing
a high surface-to-volume ratio, such as at the
nanoscale, to enhance the sensing performance [12].
With respect to the SnO2 synthesis, physical, chemical,
and biosynthesis methods are introduced. The wet
chemical precipitation method is one of the best for
producing nanoparticles and nanomaterial in uniform
size and morphological structure on a wide-ranging
scale [8]. The sensing mechanism changes electrical
conductivity in the presence and absence of gas in the
environment. During the lack of gas, oxygen is
adsorbed on the surface of MOS material which makes
an electron extract from the conduction band to form a
depletion layer. As a result of oxygen adsorption, the
surface electrical resistance increases; however, when
a reducing gas is exposed, the gas reinjects electrons
into the conduction band of the semiconductor,
oxidizing the reducing gas, and giving rise to a
resistance decrease. In the adsorption theory, a
response occurs between the target gas and surface
adsorbed oxygen species, resulting in a significant
resistance change to determine the presence and
concentration of the test gas [13].
In this study, we synthesized SnO2 nanoparticles with
different annealing temperatures on a wide scale using
the chemical precipitation method, starting from a
free-chlorine precursor, and analyzed the structure and
morphology (XRD and SEM analysis). Further,
pellets were manufactured from the SnO2 powder to
study the effect of the annealing temperature of SnO2
samples on the sensing properties of CO and propane.
II. EXPERIMENTAL

II.1 Preparation of SnO2 and pellets

The chemical precipitation method successfully
synthesized tin oxide (SnO2) nano powders. For its
preparation, initially, 1.8 g of tin acetate (Sn
(CH3CO2)2 were dissolved in 180 ml of deionized
water (H2O). Then, 4.8 g of sodium hydroxide (NaOH)
were dissolved in methanol (300 ml). While the NaOH
solution is stirred using a magnetic stirrer at 60 °C for
30 minutes, the tin acetate solution was added slowly
into the precipitant agent solution (NaOH solution)
and stirred at 60 °C for 90 min. This solution is named
starting solution. A white precipitate solution was
formed and collected in centrifugal tubes to centrifuge
at 4500 rpm for 6 min to separate the sample from the
solution. The centrifuge process was carried out four
times and then dried at 100 °C for 1h. Then the white
powder was divided into three parts and annealed at
600, 700, and 800 °C for 2 h. Finally, the annealing
powders were used to make 12 mm diameter pellets
from a mechanical pressing machine to measure the
sensing properties of SnO2 samples. The optimal
pressing condition was 16 tons. Finally, two electrodes
by pasting silver paint on pellets were manufactured for
electrical measurements. The above-annealed samples
were examined in the atmosphere (CO and propane)
for sensing properties analysis to know which sample
performs high sensitivity.
II.2 Characterization

Structural properties were analysed by a X-ray
diffractometer, (PANalytical mode X’PERT-PRO)
with Cu-kα radiation 0.1534 nm, in order to identify
the phase compound and the crystalline structure of the
SnO2 powder. Morphological properties were
examined by scanning electron microscopy in an SEM
microscope (AURIGA). The particle size was
determined directly from SEM images by using the
ImageJ software. The optical properties and band gap
can be calculated using diffuse reflectance
spectrometry, DRS, obtained from a Jasco, model V670, UV-Vis spectrophotometer with an integrating
sphere.
III. RESULTS AND DISCUSSION
III.1 XRD analysis of SnO2 nanoparticle

The phase composition and crystalline size of the
synthesized SnO2 nanoparticles were examined by
using the X-ray powder diffraction patterns (XRD).

Figure 2. Average crystallite size variation as a function of the
annealing temperature of synthesized tin oxide nanoparticles.
Figure 1. XRD spectra of tin oxide were processed at different
annealing temperatures (600, 700, and 800 °C).

Figure 1 shows the XRD spectra obtained from
samples annealed at different temperatures. All the
peaks matched well with diffraction data of the
tetragonal structure of tin oxide (JCPDS Card No. 00072-1147). The position of the principal peak, (110),
is 2θ=26.67°. The X-ray spectrum of tin oxide
powders, annealed at 600 °C shows more noise than
others. In general, at higher annealing temperatures,
samples showed diffraction peaks that were sharper
and relatively more intense, indicating better
crystalline quality. The average crystallite size (D) was
calculated
from
Debye–Scherrer´s
formula,
D=0.9λ/(βcos θ), where λ is the wavelength of X-rays
used (λCu=1.5405 Å), β is the full-width at half
maximum (FWHM) in radians, and θ is the Bragg’s
angle of the peak with Miller indices (hkl) [14]. The
width of the peak decreases with increasing annealing
temperature, which explains the growth of the crystal
size and construction of larger clusters [15]. The
calculated average crystallite sizes from the XRD
peaks of (110), (101), and (211) planes of the SnO2
samples are given in figure 2. The increasing size with
annealing temperature is due to the crystal growth, and
annealing temperature not only increases the crystal
growth but also the agglomeration of homogenous
precipitation of tin oxide powder [15]. The width of
the peak decreases with increasing the calcination
temperature due to the growth of crystals. In XRD, it
clearly explains that 600°C Annealed SnO2 powder is
slightly crystalline with less intensity. At the same
time, annealing SnO2 at 700 and 800°C is well
crystallized.

III.2 Morphological properties
The influence of the annealing temperature on the
crystallite size is associated with the growth
mechanisms, which is regulated by the synthesis
temperature. Thus, with the increase in crystallite size,
there will be a decrease in the surface-to-volume ratio.
When the porosity increases, the gas sensitivity also
increases [16]. XRD patterns do not show noticeable
changes in the X-ray spectra. However, the crystalline
structure improved lightly with the annealing
temperature. To obtain a well-defined tetragonal
phase, the tin oxide can be annealed at 700 and 800 oC,
which can be observed in the XRD analysis.
The surface morphology of the pure tin oxide
processed from the homogenous precipitation method
and annealed at different temperatures, 600, 700, and
800 oC, was studied by SEM analysis. From SEM
images an evident surface morphological variation due
to the influence of annealing temperature can be
observed. The morphology of tin oxide synthesized
from the homogenous precipitation method strongly
depends on the amount of OH− ions in the solution.
The reaction of NaOH with the precursor solution
containing tin acetate leads to the formation of Sn
(OH)2 during the reaction process, and later dissociates
into Sn2+ and OH− ions. When the concentration of
Sn2+ and OH− ions are more than the critical value,
Sn2+ plays a significant role in forming SnO2
nanoparticles [14].
Tin oxide synthesized from the solution of tin acetate
at an annealing temperature of 600 °C contains slurrylike morphology with no definite shape shown in
figures with different magnifications (Fig. 3 a, b, and
c). When the tin oxide powders were annealed at 700
°C, there is a migration of particles and agglomerated
and continued to look like slurry-like morphology with

no definite shape as shown in figures (Fig. 3 d, e, and
f). When the annealing temperature increases
relatively, agglomeration gets low. Hence the samples
at 600 and 700 °C have irregular shapes; subsequently,
the high annealing temperature (800 °C) formed
agglomerated structures. Thus, the SEM images clearly
show that the SnO2 nanoparticles prepared from
annealing at 800 °C yielded agglomerated sphericalshaped nanoparticles (Fig. 3 g, h, and i). The average
particle size increased with annealing temperatures 35,
60, and 85nm at 600,700, and 800°C calculated from
the Image J software. Still, the precipitation agents do
not change the structural properties at this stage, even
if they could affect the performance of the powders in
gas sensing applications. The increase of annealing
temperature increases not only the particle size but
also the agglomeration of the powder [17].

band at 300 nm. The band gap of tin oxide nano
powders is determined using the Kubelka-Munk
function.
(1 − 𝑅)2 𝐾
𝐹(𝑅) =
=
2𝑅
𝑆
F(R) is the Kubelka-Munk function, and K and S are
the so-called K-M scattering and absorption,
respectively [20].

Figure 4. UV-DRS of SnO2. samples with different annealing
temperatures (600, 700, and 800 °C).

Figure 3. SEM micrographs of SnO2 samples at different
magnifications. annealing temperature 600 °C (a-c), 700 °C (d-f),
and 800 °C (g-i).

III.3 Optical properties
The DRS spectra were recorded in the UV-visible
spectral region for the prepared samples SnO2 at
different annealed temperatures (600, 700, and 800
°C). The reflectance spectra were recorded in the range
of 200 to 800 nm, as is shown in figure 4. The
reflectance spectra exhibit a slight drop at the
absorption edge [18][19]. The three SnO2 samples
exhibit the characteristic reflection band at a low
wavelength of around 350 nm. The reflectance
measurement is converted to the absorption spectrum
using the Kubelka-Munk function F(R) shown in
figure 5 [20]. Al the samples of SnO2 (600, 700, and
800 °C) show a strong and broad absorption band in
the range of 200 to 400nm and a maximum absorption

Figure 5. F(R) absorbance spectra of SnO2. samples with different
annealing temperatures (600, 700, and 800 °C).

The intercept of the plot ([F(R)hn]2=0) between
[F(R)hn]2 vs hn, gives the band gap energy magnitude
[21]. The band gap estimated for tin oxide annealed at
different temperatures (600, 700, and 800°C) was
3.21eV, 3.47eV, and 3.41eV, respectively (see figure
6). The results show that the energy band gap of SnO2
samples shifts with the annealing temperature of the

samples. The calculated band gap values agree with
those reported in the literature, 3.47 [22].

conduction area. This causes resistance increases in
the sensor. When the target gas is injected, it is
adsorbed on the material surface and then gets
oxidized, and the electrons return to the conduction
band. As a result, the space charge region will be
reduced. Less resistance is proportional to the high
concentration of reduced gas. So finally, it can be
concluded that the presence of gas increases the
surface conductivity or decreases the resistance [23].
The sensitivity of the pellet is calculated by the
following equation:
𝑆%=

Figure 6. ([F(R)hn]2 vs hn plots for calculating the band gap values
of SnO2 nanoparticles processed at different annealing temperatures,
600, 700, and 800 °C.

III.4 Sensing characteristics

Pellets manufactured from synthesized SnO2 powders
were exposed to the gas carbon monoxide, CO, and
propane (C3H8), varying the concentration from 0 to
500 ppm, at different operating temperatures of 100,
200, and 300 °C. A change in the surface electrical
resistance with respect to temperature increase and gas
concentration is expected. The surface resistance is the
primary defining factor for the sensing influenced by
oxidation/reduction, ion exchange, gas adsorption, and
reaction with adsorbed species. Gas sensing occurs
due to the change in electron transfer properties
induced on the surface via the adsorption-desorption
of oxygen species. As a theory, the changes in electron
transfer properties correspond to changes in the
surface electrical resistance, according to the reaction
between adsorbed oxygen and free electron on the
surface [6]. For an n-type semiconductor, the sensing
process can be explained as follows. The
semiconductor oxide is exposed to air, and
consequently, the oxygen is adsorbed on the surface
due to the electron transfer from the semiconductor
powder to the surface. As a result, the formation of
potential barriers on the particle surface occurs, and
the electrons must pass over this surface barrier to
move from one particle to another. Depending on the
temperature, the adsorbed oxygen ion species (O2-, O, and O2-) are formed by extracting electrons from the
conduction band and creating a space charge

𝑟! − 𝑟"
𝑟"

Where the S is the gas sensitivity of pellets, varying
from zero to infinite, r0 is the initial resistance of
pellets measured in air, and rg is the final resistance of
pellets measured at different gas concentrations and
temperatures.
Gas sensing measurements of SnO2 pellets synthesized
at different annealing temperatures (600, 700, and 800
°C) for CO at three different operating temperatures
(100, 200, and 300 °C) are reported in figure 6. The
sensitivity test was carried out at gas concentrations of
0, 5, 10, 50, 100, 200, 300, 400, and 500 ppm. As
shown in figure 6, the sensitivity pellets are clearly
dependent upon the CO concentration and operating
temperature. Figure 6-a shows the CO sensitivity for
600 °C annealed SnO2. At 100 and 200 °C, there were
low sensitivities. However, as the operating
temperature raise to 300 °C, there was change in the
electrical resistance, thus a sensitivity of 6.89 was
obtained. In contrast, in figure 6-b, the 700 °C
annealed SnO2 sample shows a high sensitivity, 956.8
at 200 °C, and in figure 6-c, is showed a maximum
sensitivity 19 at 200 °C. In this way, the maximum
sensitivity was presented in sample annealed at 700
°C. The detection of gases is based on oxygen
chemisorption when they react with the material
surface by effect of the operating temperature [24].

(a)

(b)

(c)

(a)

(b)

Figure 6 - CO sensitivity of SnO2 pellets as a function of the gas
concentration and measurement temperatures (100, 200, and
300°C). a) SnO2-600, b) SnO2-700, and c) SnO2-800 °C.

For gas sensing measurements in C3H8 gas, the
sensitivity test was carried out at the concentration of
0, 5, 10, 50,100, 200, 300, 400, and 500 ppm at the
same operating temperatures, 100, 200, and 300 °C. As
same CO, tin oxide pellet's sensitivity increases as the
operating temperature and gas concentration increase
(figure 7). In figure 7-a is shown that maximum
sensitivity, around 20, for both operating temperatures
of 200 and 300 °C were obtained. Figure 7-b shows
that the maximum sensitivity value is 2823.33 for 500
ppm, at an operating temperature of 200 °C, whereas
figure 7-c shows a maximum sensitivity value of 115.3
at the lowest operating temperature, 100 °C. Thus, we
can resume that, 700 °C annealed SnO2 pellet shows
the highest sensitivity obtained, 2823.3 for 500 ppm of
C3H8, at an operating temperature of 200 °C. The
increase in response is due to the rise in the number of
gas molecule that react with the adsorbed oxygen on
the material surface [25].

(c)
Figure 7 – C3H8 sensitivity of SnO2 pellets as a function of the gas
concentration and measurement temperatures (100, 200, and
300°C). a) 600, b) 700, and c) 800 °C.

Compared to both gases, the CO and C3H8 have high
sensitivity (956.79 and 2833.33) at the same pellets
(700 °C SnO2 pellets) at 500ppm. Table.2 resumes the
sensitivities obtained at different measuring
conditions. Through the annealing process, the sensing
material achieves structural and crystallization

evolution. At a certain degree of crystallinity is
required to attain the desired electronic properties for
gas sensing. Annealing tin oxide has a strong effect on
gas response properties, which indirectly depends on
the oxygen contents, stoichiometry, and the
morphological evolution of the sample. Compared to
tin 600 and 800 °C/SnO2 annealed temperature,
700°C/SnO2 shows remarkable and high sensitivity
due to their morphological and structural properties.
Table 2. Summary for gas sensitivity measurement
SAMPLE

OPERATING
TEMPERATURE
(°C)

SENSITIVITY
FOR 500 PPM
CO

OPERATING
TEMPERATURE

SENSITIVITY
FOR

500

(°C)

PPM OF C3H8

600°CSnO2

300 °C

6.89

300 °C

26.36

700°CSnO2

200 °C

956.79

200 °C

2823.83

800°CSnO2

200 °C

19

100 °C

115.43

mobility, and oxygen partial pressure at measuring the
temperature [26].

IV.CONCLUSION

In summary, tin oxide nanoparticles were successfully
synthesized at different annealing temperatures using
tin acetate from the coprecipitation method. From
XRD, the tetragonal phase was confirmed by matching
the spectra with the JCDPS standard; and the
crystalline size was measured 7.60 nm (600°C), 8.18
nm (700°C), and 9.90 nm (800°C). From SEM
analysis was corroborated the agglomerated spherical
shape, and particle size increased when the annealing
temperature increased. The UV-Vis reflectance
spectra show bandgap energies of 3.21, 3.41, and 3.47
eV for samples annealed at 600, 700, and 800 °C,
respectively. In gas sensing properties, the 700°C
shows the most remarkable sensitivities (956.79 and
2823.83) for CO and C3H8, both at 500 ppm and
operating temperature of 200 °C.
ACKNOWLEDGEMENT

To attain a high crystalline structure, the powder is
annealed at higher temperatures. And in another hand
when you annealed the powder at a certain temperature
or above it leads to the form of high grains. When we
have small grains, sensitivity is so high, and it is
evident that small grains result in a larger surface area
that leads to more adsorption to accelerate sensitivity.
In contrast, the increase in grain size causes less
sensitivity. So, in three samples, the 600° C/SnO2 is
slightly crystalline with low intensity, which is
confirmed by XRD analysis. And 800°C/SnO2, which
has high annealing temperature, which increases the
grain size and causes low sensitivity.
Hence,
700°C/SnO2 has a less grain size with high crystalline
to attain high sensitivity compared to the other two
samples. Additionally, the sample annealed at 700°C
showed rich oxygen contents, thus increasing the
resistivity of the sample. Therefore, 700°C/SnO2
shows a good sensing response toward CO and
propane. So, it's good to obtain the required gas
response of a specific gas using a single material and
by just modifying its physical properties with
controlled annealing temperature. Thus, SnO2 sample
annealed at 700 °C presented remarkable properties,
which are explained in the above structural,
morphological, and optical properties. The selection
of operating temperature plays an important role in
testing gases. It is due to the gas sensor pellets
changing their response depending upon the
temperature and type of gases. (Adsorption-desorption
kinetics). In SnO2 pellets, sensing mechanism works
based on carrier concentration, stoichiometry,

The authors would like to thank for valuable technical
support received from M. A. Luna-Arias, E. J. LunaArredondo, and Dr. Héctor Javier Dorantes Rosales,
from IPN for SEM analysis. Goban Kumar Panneer
Selvam acknowledge the funding support for the
project by the national council of science and
technology (CONACYT), through project no. 983308.

REFERENCES
[1]

Y. Patil, R. B. Pedhekar, S. Patil, and F. C. Raghuwanshi,
“Thick film gas sensors made from Mn doped zinc oxide
nanorods for H2S gas,” Mater. Today Proc., vol. 28, pp.
1865–1871, 2020.

[2]

P. Srinivasan and S. Mehtre, “Zinc oxide nanoparticles
from Coriandrum sativum as sensor for detection of nbutanol and nitric oxide gas,” Mater. Today Proc., vol. 51,
pp. 1760–1764, 2021.

[3]

S. Mahajan and S. Jagtap, “Metal-oxide semiconductors
for carbon monoxide (CO) gas sensing: A review,” Appl.
Mater. Today, vol. 18, p. 100483, 2020.

[4]

P. Chesler, C. Hornoiu, S. Mihaiu, C. Munteanu, and M.
Gartner, “Tin–Zinc oxide composite ceramics for
selective CO sensing,” Ceram. Int., vol. 42, no. 15, pp.
16677–16684, 2016.

[5]

A. Avila-García, A. Chaudhary, and H. Rojas-Chávez,
“Iridium oxide films as propane sensors,” Thin Solid
Films, vol. 724, no. August 2020, 2021.

[6]

G. Regmi, M. Rohini, P. Reyes-Figueroa, A. Maldonado,
M. de la Luz Olvera, and S. Velumani, “Deposition and
characterization of ultrathin intrinsic zinc oxide (i-ZnO)
films by radio frequency (RF) sputtering for propane gas

sensing application,” J. Mater. Sci. Mater. Electron., vol.
29, no. 18, pp. 15682–15692, 2018.

[21]

V. A. Online, “RSC Advances oxide nanoparticles :
structure , microstructure and,” pp. 6141–6150, 2014.

[7]

E. P. Nascimento, H. C. T. Firmino, G. A. Neves, and R.
R. Menezes, “A review of recent developments in tin
dioxide nanostructured materials for gas sensors,” Ceram.
Int., vol. 48, no. 6, pp. 7405–7440, 2022.

[22]

A. Doyan and M. Taufik, “The Optical Properties of Thin
Films Tin Oxide with Triple Doping ( Aluminum , Indium
, and Fluorine ) for Electronic Device,” vol. 317, pp. 477–
482, 2021.

[8]

M. A. Dheyab, A. A. Aziz, M. S. Jameel, and N.
Oladzadabbasabadi, “Recent advances in synthesis,
modification, and potential application of tin oxide
nanoparticles,” Surfaces and Interfaces, vol. 28, no.
December 2021, p. 101677, 2022.

[23]

B. Saruhan, R. Lontio Fomekong, and S. Nahirniak,
“Review: Influences of Semiconductor Metal Oxide
Properties on Gas Sensing Characteristics,” Front.
Sensors, vol. 2, no. April, pp. 1–24, 2021.

[24]

[9]

“Indium oxide-based gas sensor for selective detection of
CO,” vol. 36, pp. 325–332, 1996.

N. Yamazoe, “Toward innovations of gas sensor
technology,” vol. 108, pp. 2–14, 2005.

[25]

[10]

J. S. Chen, “for lithium-ion batteries Recent developments
in nanotechnology and materials science offer potential,”
vol. 15, no. 6, 2012.

H. Guillén-bonilla, M. Flores-martínez, M. De, L. Olvera,
and J. Santoyo-salazar, “A Novel Gas Sensor Based on
MgSb 2 O 6 Nanorods to,” no. 2, pp. 1–12, 2016.

[26]

[11]

S. Herna, “Characterization and Photocatalytic
Performance of Tin Oxide,” pp. 1249–1252, 2009.

[12]

P. D. Thungon, A. Kakoti, L. Ngashangva, and P.
Goswami, “Advances in developing rapid, reliable and
portable detection systems for alcohol,” Biosens.
Bioelectron., vol. 97, no. May, pp. 83–99, 2017.

T. V. K. Karthik, A. Maldonado, M. D. L. Olvera, P.
Nacional, and A. Postal, “Manufacturing of Tin Oxide
Pellets and their application for CO and C 3 H 8 Gas
Sensors,” pp. 402–406, 2013.

[13]

E. Comini, “Metal oxide nano-crystals for gas sensing,”
Analytica Chimica Acta. 2006.

[14]

M. P. Subramaniam, G. Arunachalam, R. Kandasamy, P.
Veluswamy, and I. Hiroya, “Effect of pH and annealing
temperature on the properties of tin oxide nanoparticles
prepared by sol–gel method,” J. Mater. Sci. Mater.
Electron., vol. 29, no. 1, pp. 658–666, 2018.

[15]

M. Bagheri-mohagheghi, N. Shahtahmasebi, and M. R.
Alinejad, “The effect of the post-annealing temperature on
the nano-structure and energy band gap of SnO 2
semiconducting oxide nano-particles synthesized by
polymerizing – complexing sol – gel method,” vol. 403,
pp. 2431–2437, 2008.

[16]

T. V. K. Karthik, M. De La Luz Olvera, A. Maldonado,
and H. Gómezpozos, “CO gas sensing properties of pure
and Cu-incorporated SnO2 nanoparticles: A study of cuinduced modifications,” Sensors (Switzerland), vol. 16,
no. 8, 2016.

[17]

E. T. H. Tan, G. W. Ho, A. S. W. Wong, S. Kawi, and A.
T. S. Wee, “Gas sensing properties of tin oxide
nanostructures synthesized via a solid-state reaction
method,” 2008.

[18]

I. Buniyamin, R. M. Akhir, N. A. Asli, Z. Khusaimi, and
M. Rusop, “Materials Today : Proceedings Green
synthesis of tin oxide nanoparticles by using leaves extract
of Chromolaena Odorata : The effect of different thermal
calcination temperature to the energy band gap,” Mater.
Today Proc., vol. 48, pp. 1805–1809, 2022.

[19]

R. Go, “Band-gap energy estimation from diffuse
reflectance measurements on sol – gel and commercial
TiO 2 : a comparative study,” pp. 1–7, 2012.

[20]

V. Senthilkumar, K. Senthil, and P. Vickraman,
“Microstructural , electrical and optical properties of
indium tin oxide ( ITO ) nanoparticles synthesized by coprecipitation method,” Mater. Res. Bull., vol. 47, no. 4,
pp. 1051–1056, 2012.

