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Abstract:
Nanocomposite SnO2/SiO2 catalytic materials have been synthesized by using sol-gel method. Prepared catalytic
materials were well characterized by using transmission electron microscope (TEM), X-ray diffraction spectroscopy
(XRD), scanning electron microscopy (SEM), Energy dispersive spectroscopy (EDS) and Fourier transform infrared
spectroscopy (FT-IR). This prepared material will be used as heterogeneous catalytic material.
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Introduction
A catalyst is a substance that increases the rate of a chemical reaction without itself being changed in
the process. Catalysts may be in gaseous, liquid, or solid state. In homogeneous catalysis, the catalyst is
molecularly dispersed in the same phase (usually gaseous or liquid) as the reactants. In heterogeneous
catalysis the reactants and the catalyst are in different phases, separated by a phase boundary. Most commonly
used heterogeneous catalysts are solids and the reactants are gases or liquids. On the other hand, most of the
processes using homogeneous catalysts occur in a liquid phase whereas for the heterogeneous catalysts, the
catalyst is usually in solid form, and the reaction occurs either in the liquid or gaseous phase. The fact that the
catalyst is in a distinct phase with respect to the reaction medium, accounts for the major advantage of the
heterogeneous catalysts over the homogeneous as it makes the separation techniques of heterogeneous
catalysts are simple and cheap compared to the homogeneous catalysts [1].
Solid acids have been used for various chemical processes and catalytic systems because catalysis has played
a major role in preventing pollution in our environment. Recently, a wide range of solid acids and their
supported forms have been are reported and extensively reviewed for various chemical processes [2, 3].
Owing to their possible utilizations as alternatives to liquid inorganic acids in industry, solid acid catalysts
have received much consideration [4]. They have the advantages of easy separation of the catalyst from liquid
reaction media, applicable recyclability, low corrosion, green chemical procedures and improved product
selectivity [5]. Nanoparticles have received increasing consideration as alternative supports for catalysis. As
the diameter of the particle decreases to the nanometre scale, abundant extrinsic surface becomes available for
surface modifications. Furthermore, these particles can be dispersed into solvents, creating stable dispersions.
Silicates containing tin (SnO2/SiO2) have attracted much attention due to their surface acidity and catalytic
activity in a variety of reactions such as aminolysis of styrene oxide with aniline and for the Meerwein–
Ponndorf–Verley reduction of 4-tert-butylcyclohexanone [6], hydroxylation of phenols [7] Baeyer–Villiger
oxidations [8] Meerwein–Ponndorf–Verley reductions [9] sugar isomerization [10] epimerization [11]
oxidative dehydrogenation of cyclohexane [12] and Cannizzaro-type reactions [13].
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The non-aqueous synthesis of SnO2–SiO2 materials is not well developed and only few reports were published
on this topic. The first describes a procedure based on the reaction of TEOS with Tin(IV) acetate in anhydrous
acetic acid [14]. Another report introduces the twin polymerization method for the production of SnO2–SiO2
materials [15]. Nanosized SnO2 particles have been prepared by using different chemical methods such as
precipitation and sol-gel [16, 17]. Tin oxide and Tin oxide supported metal oxide have been extensively used
as solid acid or redox catalyst for the oxidative dehydrogenation of propane, CO oxidation, esterification
reaction, reduction of NO/NO2 to N2 and hydrogenation reaction of nitrate [18-20]. Tin oxide has been more
commonly used as a catalyst for the oxidation of organic compounds [21]. Here we wish to report, synthesis
and characterization of series of SnO2/SiO2 as heterogeneous catalytic material.
2. Experimental section
All Chemicals were purchased either from Merck or Fluka and used without further purification. All
products are known compounds and were characterized by comparing 1H nuclear magnetic resonance (NMR)
spectroscopic data and melting points with literature values. Uncorrected melting points of all compounds
were measured in an open capillary in a paraffin bath. 1H NMR spectra were recorded using a Bruker
instrument (1H at 400 MHz) in dimethyl sulfoxide (DMSO)-d6 solvent with tetramethylsilane (TMS) as
internal standard. Thin-layer chromatography (TLC) was performed with silica gel 60 F254 plates with
ultraviolet (UV) light for visualization. The morphology of sample was characterized with CM-200 PHILIPS
transmission electron microscopy (TEM) operated at 200 kV, resolution at 0.23 nm. FT-IR spectra were
recorded on JASCO-FT-IR/4100, Japan, in KBr disc. The X-ray diffraction (XRD) patterns were recorded on
Bruker 8D advance X-ray diffractometer using monochromator Cu-Kα radiation (40 Kv and 30 mv) of
wavelength=1.5405 A°. Conventional scanning electron microscopy (SEM) images and energy dispersive
spectroscopy (EDS) were obtained on JEOL; JSM-6330 LA operated at 20.0 kV and 1.0000 nA. Temperatureprogrammed desorption (NH3-TPD) measurements were carried out on a Micrometrics Instrument corporation
Chemisoft TPx V1.02 unit 1 (2750). The surface area of samples was characterized by the BET method
performing adsorption of nitrogen at 77 K with Micrometrics ASAP 2010.
2.1 Preparation of pure silica
Silica samples were synthesized by using sol-gel process. A quantity of 2.408 gm tetraethyl orthosilicate (TEOS) was taken in autoclave bottle to which 1% Cetyl trimethyl ammonium bromide (CTAB) in 20
mL ethanol was added drop wise with constant stirring. The pH ~10 of the reaction mixture was maintained
using aqueous ammonia. This mixture was then hydrothermally treated at 60°C for 12 h in an autoclavable
bottle. After drying at 110°C for 7 h in an oven, the obtained powder was pulverized using mortar and pestle
and finally calcined at 400°C for 2 h.
2.2 Preparation of SnO2/SiO2 catalyst
Series of SnO2/SiO2 nanocomposite catalytic materials were synthesized by using sol-gel method.
Generally, 15 wt % SnO2/SiO2 catalysts was synthesized by using 0.846 gm of Tin(IV) chloride dissolved in
20 mL double distilled water and tetraethyl orthosilicate (TEIS) solution (2.408 gm) was added drop wise in
an autoclave bottle. The resulting mixture was stirred and 1% solution of cetyltrimethylammonium bromide
(CTAB) in 20 mL ethanol was added drop wise with constant stirring. The pH ~10 of the reaction mixture
was maintained using aqueous ammonia. This mixture was then hydrothermally treated at 60°C for 12 h in an
autoclavable bottle. After drying at 110°C for 7 h in an oven, the obtained powder was pulverized using
mortar and pestle and finally calcined at 400°C for 2 h. Similarly, 10 and 20 wt % SnO2/SiO2 catalysts were
prepared in the same manner.
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3. Catalyst Characterizations
3.1 XRD Analysis
Figure 1(a-e) shows that the XRD patterns of synthesized materials. Figure 1(a) shows the broad peak
at 22.27° corresponding to the amorphous nature of silica. Figure 1(b) for SnO2 nanoparticles represent the
XRD patterns for SnO2 which shows presence of highly crystalline and sharp intense peaks, which are in good
agreement with that obtained by JCPDS card no. 41-1445 [47] with lattice parameter a 4.743Å and c 
3.1859Å. The crystal planes (110), (101), (211), (002), (310), (301) were prominently seen in XRD indicating
the polycrystalline nature of powder, suggesting the tetragonal lattice symmetry of this SnO2 nano particles.
There was no impurity phase was observed in all synthesized material.
Same diffraction pattern was observed for all series of SnO2/SiO2 material shown in Fig. 1(c–e). It was found
that, as increasing in loading of Sn in samples, gradual increase in peaks intensity (at 2 =26.60°) for the
plane (110) corresponding to presence of SnO2. Similarly, it was found that broad peaks at 22.71o in
SnO2/SiO2 corresponding to the presence of amorphous silica. From this it is clearly seen that SnO2 crystalline
nanoparticles after depositing SiO2 on its surface enhances porosity.

Figure 1 (a-c) XRD patterns of (a) SiO2 (b) SnO2 and (c) 10 wt % SnO2/SiO2 (d) 15 wt % SnO2/SiO2 (e) 20
wt % SnO2/SiO2
The average crystallite size (D) as determined from the XRD spectra using Scherer’s formula. The Scherrer
equation [22] can be written as:
τ = K λ /( βcos θ)
Where τ is the mean size of the ordered (crystalline) domains, which may be smaller or equal to the
grain size; K is a dimensionless shape factor, with a value close to unity. The shape factor has a typical value
of about 0.9; λ is the X-ray wavelength; β is the line broadening at half the maximum intensity (FWHM); θ is
the Bragg angle (in degrees). Average crystallite sizes of SnO2 material was determined from 110 plane at 2=
26.6° by using Scherrer equation was shown in Table 5. It was seen that, pure sample of SnO2 showed
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crystallite sizes 12.40 nm. As loading of Sn increase, gradual decrease in crystallite sizes from 31.60 nm to
25.05 nm was observed for 10 and 15 % respectively. After that for 20% sample, small increase in crystallite
size 28.35 nm was observed.
Table 1: Average crystallite sizes of SnO2 material was determined from 110 plane by using Scherrer
equation
Sr. No.
Sample
Average crystallite sizes
1
SiO2
2
SnO2
12.40
3
10% SnO2/ SiO2
31.60
4
15% SnO2/ SiO2
25.05
5
20% SnO2/ SiO2
28.35
3.2 TEM image
Figure 2(a-c) shows the TEM images of synthesized materials. Figure 2(a) shows the presence of
varying spherical which is a characteristic property of mesoporous silica having particle size in between 288320 nm. Figure 2(b) shows the presence of flake like SnO2 nanoparticles with an average particle size about 79 nm [23]. Figure 2(c) shows that the SnO2 nanoparticles clearly deposited on spherical shaped SiO2
composite and therefore their particle size has ultimately reduced. This may due to the reaction between
Sn(OH)4 nanoparticle with Si(OH)4 during the polymerization process, which results into the particle size
about 25-30 nm. It is already discussed and proved in XRD. The selected area electron diraction (SAED) is a
crystallographic experimental technique that can be performed inside a transmission electron microscope
(TEM). The typical SAED pattern for SnO2 nanoparticle is depicted in Figure 2(d) which indicates the
presence of (110), (200), (211) and (310) planes respectively and predict the tetragonal lattice symmetry of
SnO2 nanoparticles as evidenced from XRD analysis.

Figure 2 (a-d) TEM image of (a) SiO2 (b) SnO2 (c) 15 wt % SnO2/SiO2 (d) diffraction patterns of SnO2
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3.3 SEM-EDS analysis
Figure 3(a-c) shows the surface morphology of synthesized materials. Figure 3(a) shows good
agglomeration of particles of mesoporous silica with spherical in shape, whereas a compact arrangement is
due to uniform sized SnO2 nanoparticles which are responsible for importing irregular shapes, Figure 3(b).
[24] Figure 3(c-d) shows the presence of some porosity which may be due to the insertion of 15 wt % SnO2
nanoparticles on the surface of SiO2. This has helped in enhancing the catalytic activity of the material.
Energy dispersive X-ray spectroscopy (EDS) is an analytical technique used for the elemental analysis or
chemical characterization of a sample. An (EDS) spectrum of the sample with composition of 15 wt %
SnO2/SiO2 catalysts gives the elemental distribution of the constituent elements and is represented in Figure 4.
The presence of constituent elements Sn, O, and Si is confirmed on the basis of atom %, 3.65, 54.93, and
41.44 respectively. This indicates that required stoichiometric ratio in the catalyst is maintained.

Figure 3 (a-c) SEM image of (a) SiO2 (b) SnO2 (c-d) 15 wt % SnO2/SiO2

Figure 4 EDS pattern of 15 wt % SnO2/SiO2
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3.4 FTIR Analysis
10 mg of dry sample was ground with oven dry KBr (200 mg) the resulting homogeneous mixture 100
mg was taken in sample holder. The prepared sample was put in JASCO-FT-IR/4100, spectrometer and
scanned between IR ranges of 4000-400 cm−1. In Figure 5(a-e) shows the FT-IR spectra of the synthesized
materials. Figure 5(a) shows the FT-IR spectrum of pure SnO2 having absorption band at 3205 cm−1 which is
due to the Sn-OH stretching vibration, and the band at 1634 cm−1 is assigned for the Sn-OH bending vibration.
Figure 5(b) shows the FT-IR spectrum of pure SiO2 gives absorption band at 3410 cm−1 due to the Si-OH
stretching vibration, 1618 cm−1 due to the Si-OH bending mode, 1089 cm−1 for Si-O stretching vibration and
806 cm−1 due to the Si-O-Si bending vibrational mode. The strong absorption band at 631 cm−1 is due to the
antisymmetric Sn-O-Sn vibrational mode of SnO2. The similar results were reported in the literature by
Deshpande et al [25]. Similarly Figure 5(c-e) shows that the absorption bands at 3408, 1620, 1093, 806 and
631 cm-1 are attributed to the SnO2/SiO2 framework.

Figure 5 (a-c) FT-IR patterns of (a) SnO2 (b) SiO2 (c) 10 wt % SnO2/SiO2 (d) 15 wt % SnO2/SiO2 (e) 20 wt % SnO2/SiO2

3.5 TPD analysis
NH3-TPD measurements were carried out by (i) pre-treating of samples from room temperature to
150°C in Helium flow 25 cc/min for 1 hour; (ii) adsorption of ammonia at room temperature; (iii) Desorption
of adsorbed ammonia with an heating rate 10°C min−1 starting from the adsorption temperature from 50 to
500°C. The NH3-TPD desorption provides information about the total concentration and strength of acidic
sites present in materials. The total acidity of 15 wt% SnO2/SiO2 material is found 0.149 mmol/gm shown in
Table 1, clearly indicate presence of Brønsted acidic sites, which help to increases catalytic activity of
material.
Table 2 The acid strength and surface area
Entry
Catalyst
Total acidity (mmol/gm) Surface area (m2/gm)
1
15 wt % SnO2/SiO2
0.149
331.58
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3.6 Brunauer-Emmett-Teller surface area (BET)
The N2-BET surface areas of 15 wt% SnO2/SiO2 material were characterized and shown in Table 1. The
amount of N2 gas adsorbed-desorbed at a given pressure allows determining the surface area of material. The
isotherm for prepared material indicates large volume was adsorbed on surface of material. The BET surface
area observed is 331.58 m2/gm. It indicates material has large surface area and hence this material shows
higher catalytic activity.
Conclusion
In summary, an efficient heterogeneous catalytic system has been developed. Nanocomposite
SnO2/SiO2 catalytic materials have been synthesized by using sol-gel method. Prepared catalytic materials
were well characterized by using transmission electron microscope (TEM), X-ray diffraction spectroscopy
(XRD), scanning electron microscopy (SEM), Energy dispersive spectroscopy (EDS) and Fourier transform
infrared spectroscopy (FT-IR). This prepared material will be used as heterogeneous catalytic material.
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