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Abstract :  Tin dioxide nanoparticles were prepared using a cationic surfactant [ Cetyl-
trimethyl ammonium Bromide: CH3(CH2)15N+ (CH3)3Br --] as the organic template and 
the hydrous tin chloride (SnCl4.2H2O) and NH4OH as the inorganic precursor. Analysis 
was performed by X-ray diffraction, TEM (Transmission electron microscopy), UV-Vis 
absorption, Photoluminescence and Raman spectroscopy. The XRD data of the as 
prepared sample shows the pattern are indexed to the rutile phase without any trace of an 
extra phase and particle size 7~8 nm which is further confirmed by TEM analysis. The 
UV-Vis spectra shows that the absorption edge is blue shifted and the band gap of the 
prepared sample is 4.0 eV which is larger than the bulk SnO2 (3.6 eV). 
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Introduction : With the growing interest in the building advance materials using 
nanoscale building blocks , the study for the fabrication of inorganic nanoparticles with 
controlled size and shape is continually being intensified. Nanostructure of oxide material 
are of considerable interest in the area of chemical sensing due to the improved 
sensitivity of nanostructures to the reducing gases compared to bulk oxide materials .The 
improved sensitivity of the nanostructred oxides are due to the availability of high surface 
area and grain boundary sites in the nanostructred oxides. Tin dioxide (SnO2) is the most 
popular sensing material due to advantages such as low cost, high sensitivity and the 
ability to miniaturize and integrate on micromachined substrates. SnO2 in its pure form is 
an n-type semiconductor with a direct band gap of 3.6 eV between the full oxygen 2p 
valence band and the tin states at the bottom of the conduction band. Because of its 
optical (transparent for visible light and reflective for IR) and the electrical properties, 
allied to good chemical and mechanical stability, it can be used in many application such as 

transparent conductive electrodes, photovoltaic devices, photo sensors, catalysis and 

antistatic coating. However, its most important use is as the active layer in the  gas sensing 

devices1-4 for which measurement of the electrical conductivity allows the concentration of 
inflammable and toxic gases(H2 ,CO, CH4……) to be monitored.  
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Various methods have been reported to synthesize nanocrystalline SnO2. In this paper we 
have approached a surfactant mediated method5. Because physical and chemical 
properties of nanomaterials do not depend only on the composition but also on the 
particle size a good synthesis protocol has to provide good control over particle size. The 
surfactant plays an important role in the controlled preparation of SnO2 nanoparticles. 
The surfactant serves as micro reactors to confine the crystal growth. The properties of 
the materials were characterized by X-Ray diffraction (XRD) analysis, Transmission 
Electron Microscopy(TEM), Ultraviolet-Visible(UV), Photoluminescence (PL), Raman 
and Fourier Transform Infra Red (FTIR) spectroscopy. 
 

Experimental Detail: 

Sample preparation: 

For preparing the sample we have used cetyl-tri ammonium bromide(CTAB), 
SnCl4.2H2O and liquor ammonia(MERCK).  A homogeneous 0.08 M solution of CTAB 
was obtained by mixing the CTAB with double distilled deionized water. The solution of 
the diluted NH3.H2O (25 %) was added to the CTAB solution with continuous stirring. A 
0.34 M solution of SnCl4.2H2O was added to the above homogeneous solution. After 
stirring at room temperature, the product was aged for two days. The resulting 
precipitates were filtered, followed by washing with distilled water to remove the excess 
CTAB. The sample was then dried at ambient temperature.  
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Fig. 1  XRD pattern for the prepared SnO2 nanoparticles 
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Characterization techniques : 

Rigaku D-max XRD with fixed Cu-Kα line (λ=1.54 A0) was used for recording X-ray 
diffraction pattern operating at 30kVand 30 mA at steps 0.05o. Transmission Electron 
Microscopy (TEM) was performed by an electron microscope (Tecnai 20 G2) with an 
accelerating voltage of 200 kV. Samples for TEM were prepared by ultrasonically 
dispersing the product in ethanol, and the droplets were placed on carbon coated Cu 
grids. UV-Vis absorption spectra were recorded on Lambda 35 Perkin Elmer in the range 
250-550 nm. LS 55 Perkin Elmer spectrophotometer was used for recording of 
photoluminescence of colloidal solution of SnO2 NPs with 425nm and 450nm excitation 
lines. Raman spectrum was recorded at room temperature. The spectrum was excited by 
488 nm line of an Ar+ laser in the backscattering configuration and recorded by using 0.5 
M triple grating monochromator (Acton Research Corp. Spectra Pro,USA) coupled with 
PMT(R928, Hamamatsu) detector by using spectra sense software. The spectral 
resolution was 1 cm-1. The dried SnO2 nanoparticles were mixed with KBr, palletized and 
placed in the path of IR beam of GX Perkin Elmer Infrared spectrophotometer for the 
recording of FTIR spectrum.  
 
Results and Discussion :  

Fig.(1) shows the XRD pattern of as prepared samples. All the diffraction lines are 
assigned well to tetragonal rutile crystalline phase of tin oxide with a reference pattern ( 
JCPDS 41-1445). The crystalline size (D) of the prepared powders was estimated using 
the Scherrer equation as follows - 

                                          D =
θβ
λ

cos
9.0    

Where λ, β and θ are the X-ray wavelength, the full width at half maximum (FWHM) of 
the diffraction peak and the Bragg diffraction angle respectively. Furthermore it is known 
that FWHM can be interpreted in terms of lattice strain and crystalline size which can be 
expressed by the following equation – 
 

                                          
λ
θμ

λ
θβ sin1cos

+=
D

 

Where D and μ are the effective particle size and the effective strain .The effective 
particle size taking strain into account can be obtained by plotting βCosθ/λ versus sinθ/λ 
The particle size estimated by Debye Scherrer formula was 7~8 nm. We calculated the 
lattice parameters of the prepared sample as a = 4.737Å, c = 3.1611 Å. When compared 
to bulk SnO2 [a=4.7382Å, c=3.1871Å] there is a decrease in the c. This can be attributed 
to lattice strain which is calculated using (Δc/c) to be 0.8%.  We observe the almost equal 
values of lattice strain (0.6%) and effective particle size (9.2nm) by plotting βcosθ/λ 
versus sinθ/λ.  
 
Fig 2(a) shows the TEM image of the prepared tin dioxide nanoparticles. Particle size 
estimated by TEM micrographs are about 10 nm. Fig 2(b) presents the SAED pattern 
taken from the nanoparticles which can be indexed as a tetragonal rutile SnO26,7 in good 
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agreement with the XRD results and it shows that the as prepared samples have good 
crystallinity. 
 

 
 

Fig. 2 (a) : TEM micrograph of SnO2 nanoparticles. 

 

 
 

Fig.2 (b) : Electron Diffraction Pattern of SnO2 nanoparticles. 
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Fig. (3) : UV-Vis absorption spectrum of SnO2 nanoparticles. 
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Fig .4 Plot of (αhυ)2 versus hν for as prepared SnO2 nanoparticles. 
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The optical absorbance coefficient α of a semiconductor close to the band edge can be 
expressed by the following equation 
  

α = A (hν –Eg) n/hν 

 
where α is the absorption coefficient, Eg is the absorption band gap, A is constant , n 
depends on the nature of the transitions, n may have values 1/2, 2, 3/2 and 3 
corresponding to allowed direct, allowed indirect, forbidden direct and forbidden indirect 
transitions respectively. In thias case n=1/2 for direct allowed transition.  We evaluated 
effective band gap of prepared SnO2 from the plot (αhυ)2 vs. hυ fig.4. The band gap of the 
as prepared SnO2 nanoparticles is 4.0 eV which is larger than the value of 3.6 eV for the 
bulk SnO2. This can be explained because bandgap of semiconductors have been found to 
be particle size dependent. The band gap increases with decreasing particle size and the 
absorption edge is shifted to a higher energy with decreasing particle size. The absorption 
spectrum of SnO2 nanoparticles is shown in the fig.3 and the value of the absorption edge 
is 309 nm( about 4.0 eV ). Considering the blue shift of the absorption position from the 
bulk SnO2, the absorption onset of the present sample can be assigned to the direct 
transition of electron in the SnO2 nanocrystals 8. 
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           Fig. (5) : PL spectra of the SnO2 nanoparticles at (A) λex = 425 nm  (B) λex = 450. 
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The optical properties of a semiconductor are related to both intrinsic and extrinsic effect 
.PL is a suitable technique to determine the crystalline quality and the exciton fine 
structure. Fig. 5 and show the PL spectrum corresponding to λex= 425nm and λex= 450nm 
respectively. Since the band gap of the present SnO2 nanoparticles is 4.0 eV(309 nm) as 
determined from the UV/visible absorption spectrum, the two observed luminescence 
bands(~526nm and 565nm) can not be attributed to the direct recombination of a 
conduction electron in the Sn 4d band with a hole in the O 2p valence band. Generally, 
defects such as oxygen vacancies are known to be the most common defects in oxides 
and usually act as radiative centers in luminescence processes. Broad luminescence bands 
between 500 and 600 nm can be explained due to defect levels in the band gap of 1D 
SnO2 nanostructures at room temperature in agreement with earlier reports9-14.
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Fig. (6) : Raman spectra of the tin dioxide nanoparticles. 

 
Fig.6 shows the Raman spectrum of the pure tin dioxide nanoparticles. It shows three 
fundamental Raman peaks at 476, 622 and 731 cm-1, corresponding to the Eg, A1g, and 
B2g vibration modes of the rutile SnO2 structure, respectively15, 16. Besides these three 
main peaks, three abnormal Raman lines are observed at 570, 540, and 690 corresponding 
to S1, S2 and S3

16. The S3 band can be attributed to disorder activation of the acoustic A2u 
IR active and Raman forbidden mode. Bands S1 and S2 arise as a consequence of 
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reducing particle dimension. The presence of IR modes and forbidden Raman modes can 
be due to the breaking down of the prevailing q0 = 0 selection rule (where q0 is the wave 
vector of the lattice vibration) as the degree of disorder increases (reducing crystal 
symmetry) or as the crystal size decreases to nanoscale.17-19 

 
Conclusion : In this paper we have reported the preparation of rutile tetragonal tin 
dioxide (SnO2) nanoparticles of average size 7~8 nm  by a surfactant mediated method. 
The crystal structure and the particle size of the sample have been verified by XRD as 
well as TEM analysis. The band gap of the prepared nanocrystalline SnO2 have been 
evaluated with UV-vis Spectroscopy to be 4.0 eV .The absorption spectra shows the blue 
shift which is attributed to decrease in particle size .The yellow emission bands at 526 nm 
and 564 nm are attributed to the defect levels in the band gap. The appearance of the 
three Raman peaks S1, S2, and S3 at 570, 540 and 690nm also support the formation of 
nanoscale SnO2 particles. 
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