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Abstract. The growth of photocatalysts that effectively remove organic contaminants is an essential environmentalremediation impartial. Here, we report an approach for the synthesis and surface modifications of vastly stable SnO2/TiO2
nanocomposites (NCs) that were prepared using hydrothermal techniques. The synthesized samples were assessed by
X-ray diffraction, scanning electron microscope (SEM) and transmission electron microscopy. Furthermore, UV–Vis
diffuse reflectance spectroscopy was examined to assess the energy gap of the prepared samples. Furthermore, SnO2/TiO2
NCs can be used as the photocatalyst for degradation of methylene blue (MB) dye under solar light irradiation. The
photocatalytic efficiency of the SnO2/TiO2 NCs was observed *90% removal of MB dye under solar light irradiation.
Moreover, it remains almost same over four successive cycles. A projected mechanism was discussed to expose the
efficient degradation improvement of charge transfer along with various pathways and the pairs of NCs. Our present
investigations highlight the potential of using SnO2/TiO2 NCs for a wide range of photocatalytic applications, also it may
be used for various environmental remediation, food-industry applications and self-cleaning surface development.
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Introduction

A huge extent of catalysts of various ancestries have been
found in ground water, outward, sewage and also drinking
water as an important discussion of organic contaminants in
the recent past years [1,2]. The major anxiety is their hostile
healthiness for the human and environment [3–6]. The
utmost dangerous health problem contain in most of nations
in the globe putting ashore of contaminant wastewater
mostly from industrial sources. Wastewater in the form of
organic dyes are a vital chemical used in numerous dyeing
industries, such as those complex in generating textile, food,
furniture and paint [7,8]. However, the removal or unintentional release of contaminant dye wastewater has affected a huge extent of ecological and health issues, scholars
are encouraged universally to improve worldwide approaches to treat contaminant dye wastewater efficiently. Previously, predictable techniques for instance coagulation,
microbial degradation, absorption on activated carbon,
incineration, biosorption, filtration and sedimentation have
been used to remove pollutant dye wastewater [9–11].
Biological treatments involving aerobic and anaerobic
processes are also used on a great extent to remove contaminant dye wastewater, but in anaerobic conditions, azo

dyes are condensed to consequences that consists hypothetically harmful aromatic amines [12–14]. Among these
methods, photocatalysis has fascinated significant consideration because of its probable in ecological cleaning and
energy reinforcement.
In this regard, metal oxide nanoparticles/nanocomposites
(NCs) have been attracted considerable attention as photocatalysts owing to its potential in environmental cleaning and
energy regeneration. From the chemical approach, metal
oxides are ionic solids, composed of optimistic metallic and
negative oxygen ions, with strong ionic bonds. In metal oxides, the s-orbital electronic shell is intrinsically occupied,
ensuing for most of them in admirable thermal and chemical
strength [15]. The imperfect substantial of the d shells, as an
alternative, provides metal oxides distinctive optical and
electronic properties, such as, the wide range of existing
bandgaps, from small to broad [16–18] high dielectric constants, the instant reactivity for electronic transitions [19], the
tremendous electrical, optical, electrochromic nature, and the
superior electrical conductivity [20–22]. These belongings
create metal oxides excellent useful resources for a diversity
of innovative applications, where electronic conduction and/
or optical properties show a dangerous part, like in microelectronics, sensing, biosensing, etc. [23,24].
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Based on literature survey, most of the researchers have
elaborate titanium dioxide (TiO2)-based photocatalysts in
consequence of their cost effective, non-hazardous, more
stability and simple preparation [25]. Though pure TiO2
nanoparticles could be initiated only by UV light source
because of its bandgap (3.0 to *3.2 eV), only below 10%
sun light can be consumed. Among all existing semiconductor photocatalysts, TiO2 is considered as the key feature
of binary photocatalysis in the recent years. Moreover, pure
TiO2 also reveals a low quantum efficiency because of easy
recombination among photoelectrons and holes. To improve
the effectiveness of this phase, investigational scholars have
established various approaches like adjusting crystal morphologies [26], fabricating junction structures [27], stocking
optimal co-catalysts [28] and preparing low dimensional
materials [29]. However, the essential mechanisms of augmenting and scheming the photocatalytic techniques with
better efficiency are not completely implicit due to the
enormous difficulty of their structure–property interactions.
To overcome the essential weakness of energy consumption efficacy, composite TiO2 is one of the favourable
techniques to prolong light absorption to the visible region
and decrease the recombination rate of photo-induced
electrons and holes [30]. Owing to its photooxidation
response, it has applications in important areas of photocatalyst and bacterial growth inhibition. There are numerous
binary metal oxide photocatalysts to be possibly favourable,
meanwhile it is well known that binary metal oxide photocatalysts regularly reveal better catalytic performance and
discernment than what one can expect from the properties
of their constituents. Nevertheless, few studies have been
carried out on photocatalysis over binary oxide catalysts.
Hence, it is significant to develop modern nanomaterials to
be functional in the arena of photocatalytic degradation.
Therefore, the present study is designed to prepare SnO2/
TiO2 binary NCs materials known through hydrothermal
technique [31].

2.
2.1

Experimental
Materials and reagents

Tetrabutyl titanate, tin (IV) chloride pentahydrate
(SnCl45H2O), isopropanol and ethanol were purchased
from Sigma Aldrich. Methylene blue (MB) dye was purchased from Sinopharm Chemical Reagent. All the chemicals were bought from commercial providers and used as
received without additional treatment.

2.2

Preparation of SnO2/TiO2 nanocomposites

A series of 1:1 mol ratio composites of SnO2/TiO2 NCs
had been synthesized by a facile hydrothermal technique.
The schematic illustration for the synthesis of SnO2/TiO2
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NC is shown in figure 1. In brief, 1 mol of tin chloride
pentahydrate (SnCl45H2O) was first dissolved in 50 ml of
distilled water and added dropwise into 0.2 ml of tetrabutyl
titanate (TBT) containing 20 ml of isopropyl alcohol and
the mixture was stirred constantly for 1 h. After that, the
mixed solution was taken into a Teflon-lined autoclave
kept at 200C maintained for 24 h and then naturally
cooled to room temperature. The resulting precipitate was
then centrifuged several times with ethanol and distilled
water to remove moistures. The as-prepared NCs were
dispersed in distilled water for characterization and further
use.

2.3

Instrument and analysis

The X-ray diffraction (XRD) patterns of prepared pure and
binary NCs were attained with an X-ray powder diffractometer by high-intensity Cu Ka radiation (k = 1.5406 nm)
to recognize the uniqueness of any phase existent and their
crystallite size. Structure analysis-based chemical assembly
was performed by the infrared absorption spectrometer
using BRUCKER TENSOR 27 FTIR spectrophotometer.
Assembled morphologies of the prepared catalyst were
obtained using scanning electron microscopy (SEM; Hitachi
S-4700). High-resolution transmission electron microscope
(HRTEM) was operated at 200 keV, and the images were
attained by a JEM-2010 transmission electron microscope.
Energy-dispersive X-ray spectroscopy analysis was performed using a JEOL-JEM-2100 F microscope operating at
an acceleration potential of 200 kV. UV–Vis diffuse
reflectance spectroscopy (UV–Vis DRS) were made with
the Perkin Elmer Lambda 25 spectrometers.

2.4

Evaluation of photocatalyst study using MB dye

Photocatalytic performance of the prepared pure and binary
NCs was investigated by degradation of an aqueous solution
containing MB dye (25 mg l-1) under solar light irradiation.
At first, 50 mg of prepared photocatalyst was dispersed into
MB aqueous solution (100 ml, 20 mg l-1) in the photodegradation arrangements. The mixed solution was then
stirred in dark condition for 30 min to attain adsorption–
desorption equilibrium before solar light irradiation. After
the preferred irradiation period, around 10 ml of solution
was taken at certain time interims, centrifuged to eradicate
the photocatalyst and the supernatant was used to examine
the concentration of MB dye using UV–Vis spectrophotometer. The remaining MB concentration (%) after different interims of time could be assessed using the
following equation [32]:
% MB concentration ¼ Ct =C0  100%;
where C0 is the initial concentration of MB aqueous solution and Ct the concentration at the solar light irradiation
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Schematic illustration of synthesizing SnO2/TiO2 NCs by hydrothermal method.

time t in min. The concentration ratio (Ct/C0) of suspension
was determined at 661 nm for MB dye.

3.

Results and discussion

3.1

XRD analysis

The crystalline phase structures of SnO2, TiO2 and SnO2/
TiO2 NCs were analysed by XRD as shown in figure 1. All
the diffraction peaks are well-defined with that of the
standard pattern for pure tetragonal SnO2 (JCPDS card No.
041-1445) [33]. The diffraction peaks obtained at 26.56,
33.58, 37.86, 51.6, 54.3, 65.04, 71.10 and 78.48 are
assigned to (004), (200), (213) and (116) planes. The three
major XRD peaks at 2h = 26.56, 33.58 and 51.6 were
assigned to the (110), (101) and (211) reflection planes of
tetragonal SnO2, respectively. The XRD spectrum of the asprepared TiO2 nanoparticles showed a sequence of clear
diffraction peaks at 25.28, 37.78, 47.98, 53.82, 55.04,
62.78, 68.86, 70.2 and 75.02, which may be assigned to
the (101), (004), (200), (213) and (116) crystalline planes of
anatase TiO2 (JCPDS 75-1537) [34]. All diffraction peaks
matched the standard crystal planes of tetragonal SnO2 and
anatase TiO2, as showed in figure 2. The XRD patterns of
the synthesized samples were quite comprehensive, representing lesser particle sizes. Note that the average crystallite
size can be calculated using the Debye–Scherrer equation
[35]:
D ¼ Kk=b cos h;
where K is a dimensionless shape factor with a value of
*0.9; k is the wavelength of X-ray source (1.5409 Å for
Cu Ka); b the full-width at half-maximum of a selected
diffraction peak and h the Bragg angle. The crystallite size
of the SnO2, TiO2 and SnO2/TiO2 NCs were calculated to
be 19, 34 and 12 nm, respectively. The reason behind the

Figure 2. X-ray diffraction patterns of the SnO2, TiO2 and SnO2/
TiO2 NCs.

particle size variation may be attributed to the difference in
the molecular mass, chain length and chemical bonding of
SnO2 with TiO2 NCs, which provide the various surface
modification.

3.2

Fourier transform infrared spectroscopy analysis

Fourier transform infrared spectra of the pure TiO2, SnO2
and SnO2/TiO2 NCs, presented in figure 3, show m(OH)
stretching bands in the region between 3750 and
3320 cm-1. The sharp bands observed between 3480 and
3640 cm-1 and the broader bands at 3510 and 3440 cm-1
have been reported in the literature [36] and are attributed
to hydroxyl groups on different sites and to varying
interactions between hydroxyl groups on TiO2 and SnO2.
The peaks at 1570, 1425, and 1409 cm-1 were due
to a titaniumacetate complex [25]. The small peak at
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TiO2 and SnO2 were in good agreement with the spectrum
of SnO2/TiO2 NCs.

3.3

Figure 3. Fourier transform infrared spectra of TiO2, SnO2 and
SnO2/TiO2 NCs.

1376 cm-1 is contributed by the CH3 group. Furthermore,
the presence of Fourier transform infrared wavelength at
812 and 536 cm-1 were assigned to the O–Sn–O and Sn–O
stretching vibrations, respectively [33]. In the case of
SnO2/TiO2 NCs, most of the oxidized functional groups
were disappeared. The above-mentioned peaks of both

Figure 4.

Morphological analysis

The surface morphologies of SnO2/TiO2 NCs was perceived
by SEM and high-resolution transmission electron microscopy (HRTEM), and the different magnification images of
SnO2/TiO2 NCs are shown in figures 4a–d and 5a–e. It can
be seen from the SEM image (figure 4a–d) of the SnO2/
TiO2 NCs that these templates are about 50–150 nm in
diameter.
It is clear from figure 4b and c that the particles of the
SnO2/TiO2 NCs exhibit uniform size and spherical in shape.
The spherical nature of the NC is highly desirable for better
photocatalytic activity [37]. Furthermore, HRTEM analysis
gave meticulous evidence concerning the nanostructure of
the photocatalysts. Figure 5a–d displays different magnification of HRTEM images of SnO2/TiO2 NCs. It is obviously revealed that SnO2 and TiO2 were diligently
associated to each other, forming well-mixed pairs of binary
NCs.
The morphology of the binary oxide NCs are composed
of each other, provided that large surface area and superior
reactive sites consequently improve its performance. The

(a–d) SEM images of SnO2/TiO2 NCs with different magnifications.
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Figure 5. (a–c) TEM images, (d, e) HRTEM images and (f) Selected area electron
diffraction pattern of SnO2/TiO2 NCs.

interplanar distances (figure 5e) of 0.31 and 0.35 nm correspond to the lattice spacing of the TiO2 and SnO2 planes,
respectively. The SnO2/TiO2 NCs were composed of
nanocrystalline SnO2 and TiO2, which shows few bright
concentric rings signifying that the NC had a polycrystalline
in nature, as established by the selected area electron
diffraction pattern presented in figure 5f.
The energy-dispersive X-ray spectrum presented in
figure 6 indicates that the SnO2/TiO2 NCs consist of C, O,
Ti and Sn elements over the whole sample and confirms that
there is no impurities present in the composite.

3.4

UV–Vis diffuse reflectance spectroscopy

To determine the capability of absorbing visible light, we
noted the absorption spectra. The UV–diffuse reflectance
spectra (DRS) of SnO2, TiO2 and SnO2/TiO2 NCs are
presented in figure 7a, and it is a main factor that should be
studied. The optical absorbance revealed by SnO2 and TiO2
lies beneath 400 nm that illustrates absorption in the ultraviolet region. It demonstrates that the composition of SnO2
on the TiO2 ensued a strong absorption band around
200–400 nm, which matches well with the ultraviolet region

26

Page 6 of 9

Bull Mater Sci (2021)44:26
equation. According to the calculated Tauc’s plot, the
resultant bandgaps of SnO2, TiO2 and SnO2/TiO2 NCs were
3.3, 3.1 and 3.2 eV, respectively (figure 7b).

3.5

Figure 6.

Energy-dispersive X-ray spectrum of SnO2/TiO2 NCs.

of the solar spectrum. The prepared catalyst can only absorb
ultraviolet light due to their large energy gap. The absorption spectrum of SnO2/TiO2 NCs in figure 7a may be a
result from the decreases of particle size. Furthermore,
binary composites managed to inferior the bandgap, which
can be certainly initiated by UV illumination, thus obtainability of electrons and holes pairs increase. Hence, these
combined effects enrich the absorption of low-energy
photons and subsequently, enhance the number of photoexcited charges. To recognize the change in band
arrangement; the attained diffused reflectance spectrum is
changed to Kubelka–Munk function. The energy gap (Eg)
values can be obtained using the Kubelka–Munk theorem

Figure 7.
NCs.

Photocatalytic evaluation using MB dye

In the recent years, photocatalyst with semiconductors and
composite constituents has been the part of research
between the researchers for the solution of environmentally
toxic materials. Nowadays scholars focused on the degradation of organic dye molecules by metal oxide photocatalysts under solar light irradiation. It is worth revealing that
the removal of pollutant dyes conceded under direct solar
light treatment is considerably superior choice than other
irradiation of light sources, like relentless mercury lamp and
Xe lamp. The solar light irradiated photocatalysis for
removal of pollutant dye molecules has become essential
for broad fields of applications. The photocatalytic performance of SnO2, TiO2 and SnO2/TiO2 NCs were assessed for
the removal of MB dye containing aqueous water under
illumination of solar light (k B 420 nm), as shown in
figure 8. The photocatalytic activity is based on the crystallinity, surface area, energy gap and morphology of the
NC compounds. The successive absorption peak of MB dye
solution under solar light irradiation using SnO2/TiO2 NCs
for various irradiation times initial from 0 to 50 min is
shown in figure 8a.
The photocatalytic removal of MB dye solution with
prepared catalysts were stirred in the dark up to 30 min to
reach adsorption/desorption equilibrium. Moreover, blank
trials without irradiation in the presence of photocatalyst or
without photocatalyst in the presence of irradiation, over

(a) UV–DRS spectra and (b) plot of Kubelka–Munk vs. energy of the light absorbed of the SnO2/TiO2
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Figure 8. The (a) photodegradation of MB dye (40 mg l-1) under solar light irradiation using SnO2/TiO2 NCs,
(b) degradation of MB as a persistence of irradiation time with different reaction conditions, (c) first-order kinetic
plots for the photodegradation of MB and (d) recycle of the SnO2/TiO2 NCs for the degradation of MB.

and above parallel trials with pure SnO2 and TiO2 catalysts
were carried out to justify the photocatalytic performance of
the prepared SnO2/TiO2 NCs.
The concentrated blue colour of the primary solution
vanishes slowly and turn out to be nearly colourless solution
demonstrating the decomposition of MB dye under
solar light irradiation. In comparison, the photocatalytic
degradation efficiency of the SnO2/TiO2 NCs after 50 min
irradiation was obtained around 90%, while percentages
around 44 and 40% were obtained after 50 min for the
SnO2 and TiO2 catalysts, respectively (figure 8b). For a
better understanding of the efficient degradation of the
prepared catalyst, the pseudo-first-order kinetics analysis
of MB decomposition is expressed in the following
equation:
lnðC 0  C t Þ ¼ kt;
where C0 is the initial concentration of MB, and Ct the real
concentration of MB dye at different times, k the adsorption
coefficient of MB dye on a photocatalyst material (l mol-1)

and t the irradiation time (min-1). The pseudo-first-order
kinetic plots are presented in figure 8c. Hence, the reaction
rate constants (k) for all the photocatalysts were evaluated
from the slope of the fitted curves (figure 8c) in the shape of
straight lines and the values were calculated to be 0.846,
0.942 and 0.947 min-1 for the SnO2/TiO2 NCs, TiO2 and
SnO2, respectively.
The stability of the photocatalyst under the solar light
irradiation is an essential factor to make real time applications for the photocatalysis methodology. The regeneration
analysis containing MB dye decomposition over SnO2/TiO2
NCs under natural solar light irradiation is exhibited in
figure 8d. From the results of regeneration cycles, SnO2/
TiO2 NCs have ability on MB decomposition and can
maintain a relative high level. In this method, the SnO2/
TiO2 NCs was centrifuged and reclaimed for MB degradation at the similar dye concentration. SnO2/TiO2 NCs
showed admirable permanency for up to four successive
trails. The degradation efficient was greater and only
shrinkage by 3% after four successive trails was observed.
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A proposed solar light photodegradation mechanism of SnO2/TiO2 NCs.

These results recognized the constancy of SnO2/TiO2 NCs
for the duration of photocatalytic degradation of pollutant
dyes.
The photodegradation method generally consist of three
stages: (i) the absorption of photons with energy higher than
the energy gap of a photocatalyst, (ii) the creation, separation, relocation or recombination of photogenerated e-–h?
pairs and (iii) the reduction and oxidation reactions on the
photocatalyst outward. As explained above, the SnO2/TiO2
NCs revealed greatly enhanced photocatalytic performance
than pure SnO2 and TiO2 materials. The possible mechanism is schematically designated in figure 9. Upon solar
light irradiation, electrons in the valence band could be
excited to the conduction band of both metal oxides, with
the simultaneous construction of the same extent of holes in
the valence band. Permitting to the second metal oxide and
the binary NCs made, the electrons were collected by the
SnO2 nanomaterial and the holes by the TiO2 nanomaterials, as they were transmitted to a more stable electronic
state, i.e., descending for electron transfer from TiO2 to
SnO2, rising parallel to a more stable attachment condition
for holes from SnO2 to TiO2 (figure 9). Moreover, the
collected e- in the conduction band of the SnO2 could be
arrested by adsorbed O2 to produce reactive O2-• radicals,
which are the foremost oxidizing species to degrade pollutant dyes. Alternatively, the pollutant dyes absorbed on
the photocatalyst NC surface can be decomposed by separated h? through a direct h? oxidation process. In addition,
the dye-sensitized photocatalysis would also occur in this
structure. The adsorbed MB can be agitated by solar light
illumination. The following possible mechanism for the

photocatalytic decomposition of pollutant dyes has been
reported below:
SnO2 þ hm ! hþ ðVBÞ þ e ðCBÞ
TiO2 þ hm ! hþ ðVBÞ þ e ðCBÞ
H2 O þ hþ ! Hþ þ OH
O2 þ e ðCBÞ ! O
2



O
2 þ 2H2 O þ 2e ðCBÞ ! 3OH þ OH

OH þ hþ ðVBÞ ! OH
MB dye þ OH ! degraded product
MB dye þ hþ ! degraded products
and h? pay much
The synergistic influence of O-•
2
attention to the rapid degradation of MB dye.

4.

Conclusion

In summary, a cost-effective, simple hydrothermal method
to synthesize pure SnO2, TiO2 and SnO2/TiO2 NCs, which
act as a solar light illuminated photocatalytic material, has
been presented.
XRD result provides the well-crystalline nature of the
synthesized samples with suitable phases with absence of
any impurity. Morphology, energy-dispersive X-ray spectroscopy and optical absorption of the NCs were powerfully
inclined by the resultant NCs. The photodegradation performance of the synthesized NCs were assessed by
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degradation of MB dye under solar light illumination. It was
established that SnO2/TiO2 NCs showed enhanced photocatalytic performance than pure SnO2 and TiO2 nanoparticles, and the utmost photodegradation percentage was
obtained *90% for the SnO2/TiO2 NCs. Furthermore, the
SnO2/TiO2 NCs exhibited remarkable photodegradation
efficiency and stability under solar light irradiation. These
favourable outcomes would make SnO2/TiO2 NCs an outstanding optimal for the degradation of hazardous pollutants
from wastewater.
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