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Abstract. Different nanostructured materials are having important roles in optoelectronics, gas sensing and photocatalytic applications due to their high surface to volume ratio. In this study, stannic oxide (SnO2) nanostructures are
prepared by hydrothermal method under optimal conditions at different temperatures (160, 180 and 200°C) using surfactant cetyltrimethyl ammonium bromide. X-ray diffraction studies reveal rutile tetragonal structures of SnO2 nanostructures, showing that average crystallite size is less than 10 nm. Field emission scanning electron microscope imaging
reveals the morphological analysis of SnO2 nanostructures fabricated at different reaction temperatures (160, 180 and
200°C). Energy dispersive X-ray spectroscopy confirmed the elemental analysis of SnO2 nanostructures. FTIR spectrum is
recorded to confirm the presence of various functional and vibrational groups in the prepared SnO2 nanostructures. Optical
properties of these nanostructures are analysed by UV–vis absorption studies. Bandgap of prepared SnO2 decreased with
increasing reaction temperature. Two-probe setup along with Keithley source metre is used for analysis of electrical
properties of SnO2 nanostructures.
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Introduction

Nanoscience and nanotechnology have important role in
research and development of material science. In last few
years, many metal oxides have been investigated because of
their different and excellent properties, and they have
attracted attention in the field of research environment and
in technological science [1–3]. The researchers are interested in the studies of metal oxides such as WO3, V2O3,
TiO2, In2O3, SnO2, ZnO and many others at the nano-scale.
These have excellent potential applications in the field of
photocatalytic, gas sensor, lithium-ion batteries, humidity
sensors, target drug delivery and dye-sensitized solar cell
applications [4–8]. Among these various metal oxides,
stannic oxides (SnO2) are considered to be the most
appropriate material in different applications, including
energy storage devices, gas sensors and optoelectronic
devices. Such type of materials are economical, safe and
inert to chemicals, long-term stable against rust and environment friendly in nature [9]. As morphology of material
affects the properties of these materials, various nanostructures (nanospheres, nanorods) of SnO2 are fabricated
for various applications in the different fields. SnO2 has a
wide optical bandgap of 3.62 eV at room temperature and
contemplated as n-type semiconductor. These nanocrystals
possess outstanding electrical, chemical and optical properties [10]. SnO2 is opted as one of the best encouraging

gas-sensing materials and a few of them have already been
reported by the researchers [3,7]. The sensitivity, stability,
selectivity and response time depend on the diminution of
particles size and high surface area of the arranged material
[11]. SnO2 exists in distinct forms, but the most common
among these is rutile-type nanostructures. SnO2 can be
obtained in the cassiterite phase with tetragonal rutile
crystal structure [12]. Therefore, such type of metal oxide is
quite popular among the researchers for their applications in
many nanoscale devices. Though, for these types of
demand, the physical as well as chemical properties of
stannic oxides (SnO2) are robustly dependent on its doping,
morphology, size and also vigorously dependent on the
fabrication method and others processing parameters. Further, external conditions like pH value of solution, reaction
concentration and reaction temperature are also strongly
affected by the growth process of SnO2. It is true fact that
different properties of synthesized material greatly depend
on reaction temperature in chemical method. The literature
survey specifies that effect of sintering temperature also has
an important rule to alter the structural and optical properties of material [13]. Stannic oxide nanoarchitectures
are synthesized by the laser ablation technique [14],
co-precipitation method [15], hydrothermal [16], calcination
process [17], microwave method [18], chemical vapour
deposition [19], sol–gel [20], carbothermal reduction
[21], solvothermal [22] and thermal evaporation [23].
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In co-precipitation chemical route, high range of growth
temperature is required, which creates difficulties for
specific device fabrications and also difficult to control
reproducibility [24]. Hydrothermal method is most promising
route for the synthesis of metal oxides, due to its easy and
economical fabrication at lower temperatures, resulting in
high product purity and porosity with accurate control of
elemental stoichiometry. Guo et al [25] have synthesized
SnO2 nanorods at low temperature 160°C and process time 12
h via hydrothermal method.
To control the growth of nanostructures different capping
agents or surfactants are used. Cetyltrimethyl ammonium
bromide (CTAB) is extensively utilized as a reducing agent,
surface stabilizing agent and growth modifier in the synthesis of nanoparticles, depending on the reaction conditions. CTAB is a cationic surfactant, which is widely used
in the extraction of DNA, nanoparticles synthesis, mesoporous silica fabrications, etc. A CTAB molecule contains
hydrophobic and hydrophilic part. CTAB is largely used as
reagent to control the size and shape of nanoparticles.
Mi Wang et al [26] have synthesized different SnO2
nanostructures using polyvinylpyrrolidone (PVP), sodium
dodecyl sulphonate (SDS), CTAB or tetrapropyl ammonium
bromide (TPAB) as surfactant by hydrothermal method.
The tetragonal crystal structure of all fabricated samples is
obtained. They found that by changing the dosage and type
of organic surfactants, different morphologies like nanocubes, nanosheets, nanorods, nanoparticles and nanobelts
are prepared. It is analysed that by adding suitable amounts
of cationic surfactant (CTAB or TPAB) and anionic surfactant (SDS), the morphologies of SnO2 crystals can be
effectively changed. As compared to others, surfactant PVP
(non-ionic surfactant) can also influence the morphologies.
Begum and Ahmaruzzaman [27] also fabricated SnO2
nanoparticles using surfactants and anhydrous aspartic acid
at two different annealing temperatures 300 and 600°C by
utilizing chemical precipitation route. They studied the
effect of anionic SDS and cationic CTAB on the preparation
of SnO2 nanoparticles. They analysed that by tuning the
surfactant and enhancing the annealing temperature change
the size of particles. They also found that photocatalytic
results obtained from synthesized SnO2 by using CTAB
have much better results as compared to synthesized SnO2
by using SDS.
Farrukh et al [28] fabricated the different size and morphologies (nanoballs, nanoplates and mesoporous) of SnO2
using cationic surfactant CTAB and urea. Synthesis of SnO2
is carried out by utilizing conventional heating method and
hydrothermal route. They observed that particle distribution, particle sizes and morphology can be tuned by various
reaction parameters, i.e., ratio of Sn4? to CTAB, time and
temperature.
Wang et al [29] reported the fabrication of mesostructured SnO2 utilizing cationic surfactant CTAB and used as a
sensing material in gas sensor. The factors, i.e., CTAB
amount, reaction time and temperature are found to be
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effective in tailoring the size, shape and morphology of
nanostructures. Furthermore, these factors also influence the
optical properties.
In this study, hydrothermal route is utilized for the fabrication of SnO2 nanostructures at different reaction temperatures and CTAB is selected as cationic surfactant to
control the growth of nanoparticles. Furthermore, sodium
hydroxide (NaOH) is used as a source of OH- ions where
deionized water is used as a solvent. The main focus of this
study is to fabricate SnO2 nanostructures at different
hydrothermal temperature and to study their structural,
electrical and morphological properties with the change in
reaction temperatures. For the best of author’s knowledge,
this study is the first report on fabrication of stannic oxide
nanostructure by using CTAB surfactant without any use of
organic solvent.

2.

Experimental

The fabrication of SnO2 nanostructures is done by
hydrothermal route. Tin chloride pentahydrate (SnCl25H2O) and sodium hydroxide (NaOH) are used as precursors.
Dilute solution is formed by adding 0.0240 M SnCl25H2O
in 15 ml of deionized water. Desired amount of NaOH is
dissolved to form a basic solution into the previously formed
tin chloride solution under vigorous stirring. The reaction is
carried by mixing 1.15 g CTAB and after 120 min, the
prepared solution is shifted into a Teflon-lined stainless-steel
autoclave. Further, the reaction is carried out at different
temperatures 160, 180 and 200°C for 12 h of reaction time.
After completing the process, cool the autoclave at room
temperature to yield white precipitates. Afterwards, washing
is done with the help of ethanol and deionized water, and
final sample is dried out at 70°C. The experimental procedure is presented in figure 1 by flowchart.

3.

Characterizations

The X-ray diffraction (XRD) pattern of the fabricated
sample is recorded on Rigaku MiniFlexII diffractometer
using CuKa X-ray source with wavelength of 1.54 Å. The
scanning rate is 2° min-1 and scanning angle varied from
208 to 808. The morphology of fabricated samples is
examined on the field emission scanning electron microscope (FESEM). Elemental analysis is done with the help of
energy dispersive X-ray spectrometer (Oxford). Fourier
transform infrared (FTIR) spectra of the fabricated samples
are recorded on Alfa Bruker spectrometer. Optical bandgap
of fabricated SnO2 samples is calculated by using UV–
visible absorption spectrum, which is recorded on UV–
visible spectrophotometer (Perkin Elmer, Lambda 750,
USA). Electrical properties of fabricated SnO2 are studied
by using two-probe setup along with Keithley 2400 source
metre.
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Figure 2.
Figure 1.

4.

strain produces due to crystal defects and calculated with
the help of following equation (3) [32]:
e¼

XRD analysis

The recorded XRD patterns of as-synthesized SnO2 samples
at different temperatures (160, 180 and 200°C) are shown in
figure 2. The prominent peaks refer to (110), (101), (111),
(211), (002), (211) and (301) planes depict the tetragonal
crystal phase of synthesized SnO2, which match with
JCPDS card no. 411445. The lattice constants of the prepared samples are calculated using the following equation
(1) and are listed in table 1 [30]:
1
h2 þ k2 l2
¼
þ 2;
d2
a2
c

ð1Þ

0:94k
;
b cos h

b
:
4 tan h

ð2Þ

where k is the wavelength of X-ray, D the crystallite size, b
the full-width half-maximum (FWHM) in radian and h the
Bragg angle of diffraction. The average crystallite size of
fabricated SnO2 is estimated using most intense peaks
(110), (101), (211), and is listed in table 1. As shown in
figure 3, average crystallite size is increased with increasing
the temperature of synthesized SnO2 samples. With increase
in temperature rate the intensity of peaks increases. Lattice

ð3Þ

Lattice strain decreases with increase in temperature
values as shown in figure 3. The unit cell volume is calculated using the following equation (4) for the SnO2
nanoparticles:
V ¼ a2 c:

ð4Þ

The number of unit cell per crystal (n) and dislocation
density (d) are calculated by using the following equations
(5) and (6) [33]:
pD3
6V
1
d¼ 2;
D
n¼

where d is the interplanar distance and a, b and c are the unit
cell parameters. The average crystallite size (D) is calculated using Debye–Scherrer’s formula, which is as shown in
the following equation (2) [31]:
D¼

XRD pattern of prepared SnO2.

Flowchart of hydrothermal synthesis of SnO2.

Results and discussion

4.1
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ð5Þ
ð6Þ

where V is the volume of unit cell and D average crystallite
size. With increasing the reaction temperature, the number
of unit cell (n) increases and dislocation density decreases.
The different calculated parameters for synthesized SnO2 by
hydrothermal route at respective different temperatures are
listed in table 1.

4.2

FESEM with EDX analysis

To analyse the morphology of fabricated SnO2 samples at
different reaction temperatures, prepared samples are
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Table 1.

Bull Mater Sci (2020)43:146

Various calculated parameters for the structural analysis of SnO2 at different reaction temperatures.
Lattice
constants (Å)

Temperature
(°C)

a=b

160
180
200

4.778 3.206
4.769 3.187
4.752 3.181

c

Average crystallite
size (nm)

Lattice strain

Volume of the unit
cell (V) (Å)3

Number of unit cells
per crystal

Dislocation
density
(lines m-2)
(91015)

3.56 ± 0.07
3.88 ± 0.04
4.85 ± 0.06

0.0395 ± 0.0009
0.0337 ± 0.0004
0.0267 ± 0.0008

73.207
72.474
71.847

322.83
423.15
830.20

78.90
66.32
42.57

the help of FTIR spectrum. Figure 5 shows the transmittance spectra of fabricated SnO2 nanostructures at different
reaction temperatures, recorded at room temperature. A
broad band at 3300 cm-1 is observed due to adsorption of
hydroxyl group on the surface of nanostructures [34]. Due
to trapping of H2O molecules inside the prepared SnO2
nanostructures, bands at 1656 and 1520 cm-1 are observed.
The de-hydrolysis of the surface first required for conducting any kind of modification or analysis by using surface [35]. The observed peak at 632 cm-1 is assigned to O–
Sn–O functional group and ensures the existence of SnO2
crystalline phase [36]. The band at 520 cm-1 is assigned to
Sn–O bonds [37].

4.4
Figure 3. Variation in average crystallite size and lattice strain
in SnO2 with temperature.

placed on copper stub with the help of carbon tape, and
samples are coated with Au–Pd alloy to make surface of
samples conducting and viewed under the FESEM at 15
kV accelerating voltage. Furthermore, elemental analysis
of fabricated SnO2 samples is performed by using energy
dispersive X-ray spectrometer (Oxford). Figure 4a–c
depicts the FESEM pictures of the synthesized SnO2 via
hydrothermal route at reaction temperatures 160, 180 and
200°C, respectively. Figure 4a shows the formation of
highly agglomerated nanoparticles of SnO2, which
improves at temperature 180°C as shown in FESEM image
figure 4b. The agglomeration of nanostructures with
irregular shapes take place as shown in figure 4c.
Figure 4d shows the EDX result of synthesized SnO2
nanostructure at temperature 180°C and consists of elements Sn and O, which confirm the successful formation of
SnO2 nanostructure.

4.3

FTIR spectroscopy

The various functional and vibrational groups are investigated in the synthesized SnO2 at different temperatures with

UV–visible spectroscopy

UV–visible optical absorption spectra for fabricated SnO2
nanostructures at different reaction temperatures are recorded on UV–Vis spectrophotometer in the range 200–800 nm
and are shown in figure 6. Here, absorption edge for SnO2
nanostructures is found at 317, 324 and 333 nm at temperatures 160, 180 and 200°C, respectively. These observed
absorption edges are at lower wavelengths as compared to
bulk SnO2 (344 nm). The optical absorption edges indicate
slight blue shift in the synthesized SnO2 nanostructures. To
determine the optical bandgap of SnO2 nanostructures,
Tauc’s formula (equation 7) is used by utilizing absorption
data [38].
n
A hm  Eg
a¼
;
ð7Þ
hm
hm is photon energy, a the absorption coefficient, A is
constant, Eg the optical bandgap energy and n is equal to 2
or 1/2 for indirect and direct bandgap. The calculated
energy bandgap values of SnO2 samples at different
hydrothermal temperatures 160, 180 and 200°C are 3.91,
3.82 and 3.72 eV, respectively and are listed in table 2. With
rising hydrothermal temperature, the optical absorption
edge indicates a shift towards longer wavelength side. It
indicates that bandgap decreases with increasing reaction
temperature and indicates a good justification with the
crystallite size and crystallinity of SnO2 samples examined
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Figure 4.
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FESEM and EDX images of SnO2.

can be used in the field of optical devices, such as lightemitting diode, photo detector and laser diode, because they
lie in UV range.

4.5

Figure 5. FTIR spectra of SnO2 fabricated at reaction temperatures (160, 180 and 200°C).

from XRD data. Optical bandgap value for synthesized
SnO2 nanostructures is higher as compared to bulk SnO2 (Eg
= 3.6 eV), due to quantum confinement associated with
SnO2 nanostructures [31]. Therefore, these nanostructures

Electrical properties

For the study of electrical properties of fabricated SnO2
nanostructures, current–voltage characteristics (I–V) are
measured at room temperature. Cylindrical pellets of fabricated SnO2 samples with diameters 10 mm are prepared by
hydraulic press by applying a pressure of 3–4 tones cm-2.
Silver paste is coated on both sides of prepared pellets for
I–V measurement. Electrical measurements for the prepared
SnO2 pellets are performed by utilizing two-probe setup
connected with Keithley 2400 series source metre in the
range of voltage -1 to 1 V. Ohmic behaviour of I–V characteristics’ is obtained for all SnO2 pellets, which are as
shown in figure 7a. As reaction temperature increased,
current also increased with respect to voltage range (-1 to
1 V). Moreover, the optical bandgap of SnO2 nanostructures
decreased with increase in reaction temperature; therefore,
current increased with increase in reaction temperatures. The
prepared pellets of SnO2 are also annealed for 15 min at
350°C in an electrical furnace having time-controlled system
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Figure 6.

UV absorption spectrum and Tauc plot of SnO2.

Table 2. Calculated parameters of fabricated SnO2 nanostructures by using UV–vis absorption data.
Temperature (°C)
160
180
200

Energy bandgap (eV)
3.91 ± 0.086
3.82 ± 0.061
3.72 ± 0.033

as well as temperature. After annealing the pellet at 350°C,
oxygen vacancies increased and also crystalline nature;
therefore, extra electrons are present in conduction band,
which enhance the electrical current, as shown in figure 7b.
Hence, with increase in temperature, there is enhancement of
conductivity [39,40], which can be utilized for the prepared
sample in the gas-sensing application.

Figure 7.

5.

Conclusions

Simple and convenient hydrothermal route is used to
prepare SnO2 nanostructures at different reaction temperatures. XRD pattern verifies the rutile tetragonal phase of
SnO2 nanostructures and average crystallite size increased
with increase in reaction temperature. FESEM images
reveal that flake-like structures with irregular shapes are
obtained at reaction temperature 180°C. The calculated
bandgap of SnO2 is 3.91, 3.82 and 3.72 eV at different
reaction temperatures (160, 180 and 200°C), which is
greater than bulk SnO2 and also observed that bandgap
decreased with increase in temperature. I–V characteristics
of SnO2 samples fabricated at different temperatures show
that the ohmic behviour and electrical current increased
with increase in reaction temperature. Hence the prepared
SnO2 nanostructures can be utilizied in various application
like gas sensing.

I–V characteristics: (a) SnO2 nanostructures fabricated at different temperatures and (b) annealed at 350°C.
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