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ABSTRACT
TiO2:SnO2 thin films were deposited on glass substrates, by using sol gel
spin coating method with different ratio (3%, 5% and 7%) at 3200 rpm,
to study their effect on different properties of TiO2: SnO2 thin films. The
structural and optical properties of films have studied for different ratio.
Thesedepositedfilmshavebeen characterizedby variousmethods such
as X-Ray Diffraction (XRD), Ultra Visible spectroscopy. The (XRD) can be
used to identify crystal structure of as deposited films. The Transmission
spectra have shown the transparent and opaque parts in the visible and
UV wavelengths.

1. Introduction

Titanium dioxide (TiO2) is widely used in wide range of technological applications, example
are dye sensitized solar cell [1,2], photo-catalysts [3,4],optical coating [5], capacitors for large
scale integrated devices [6], electro-chromic systems [7].

Titanium dioxide is a cheap, non toxic and biodegradable material that is widely used in
industry [8].

This material is a semiconductor that is insensitive to visible light, it absorbs in the near
ultraviolet region [9]. TiO2 crystallizes in three different phases, Rutile, Anatase and Brookite
[10,11]. Among these phases Rutile is the most stable. Thermodynamically compared to the
latter two phases which are in metastable state and are readily transformed to rutile when
heated [12].

The Anatase phase of TiO2 have band gap of 3,2 eV,the semiconductor SnO2 has the tetra-
hedral structure with band gap equal to 3,6 eV. Both titanium oxide and tin oxide [13] are
widely reported materials for many technological applications.

2. Experiment details

Precursor solutions of TiO2, SnO2 were prepared according to the sol gel method. Pure as well
as TiO2-SnO2 composites (with different ratio of TiO2:SnO2).

Using (Ti(OC3H7)4) Tetrapropyl-orthotitanat was dissolved in Tin dioxide SnO2 and iso-
propanol. The mixture was stirred first at 60°C for 10 min, Then added Acetic acid stir by
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Figure . The flow chart showing the procedure for preparing TiO:SnO thin films.

using a magnetic stirred it for 15 min at 60°C, finally adds Methanol and lets agitate during
2h. After prepared the solution we spin coated it at spin speed of 3200 rpm for 30s by dynamic
technique, on glass substrates which were cleaned in nitric acid 3%, methanol and acetone.

Then followed by a drying process at 100°C during after each deposition up to three depo-
sition. Subsequently, thin films were annealed in 400°C for 1h. Figure 1.

3. Results and discussion

3.1. Structural properties

The TiO2:SnO2 thin films obtained after one dipping and various ratios of doping. Figure 2
illustrates the XRD patterns of the TiO2 based on three concentrations of Tin dioxide (3, 5
and 7% SnO2), thin films were annealed at 400°C for 1 hour.

Figure . XRD pattern of the TiO:SnO thin films at different ratio [%, % and %].
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Figure . Transmission spectra of the layers of TiO:SnO for various ratio [%, % and %].

In this figure. All the XRD diffraction peaks can be indexed to the anatase phase (JCPD file
No. 21–1272). At a composition of 3% Sn and beyond, peaks corresponding to Rutile SnO2

phase (JCPD file No. 41–1445) started to appear in addition to the anatase TiO2 phase.
The SnO2 peaks emerge in the XRD patterns, meaning that we have successfully incorpo-

rated SnO2 into TiO2. From figure 2. The added SnO2 is found to have a rutile phases with
mainly (110), (101) and (200) textures, where their peak intensities become stronger with the
rise of doped SnO

3.2. Optical transmittance

In Figure 3 we illustrate the transmittance spectra for TiO2:SnO2 deposited in a glass sub-
strates at different ratio 3, 5 and 7%.

The films were transparent with an average optical transmittance exceeding 75% in the
visible spectra region and present a sharp absorption edge in the UV region at wavelength
ranging from 300 to 400 nm.With increasing ratio, the absorption edge andmaximum trans-
mittance peak position shift toward longer wavelengths.

Figure . Determination of the energy gap for thin layer of TiO:SnO.
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Table : Variation of energy gapwith the change of ratio doped.

Samples Eg (eV)

% .
% .
% .

3.3. Band gap

From the curve of transmission versus wavelength determining the absorption coefficient for
each wavelength, the variation of (αhυ)1/2 along with hυ determines the width of the band
gap Eg. Accordingly, the optical energy gap (Eg) was estimated by using Tauc formulation
[14].

Where α is the optical absorption coefficient of the material, Eg is optical energy band gap
of the material and A is material constant which depends on the nature of the material, hυ is
the photon energy [15,16]. The optical transition processes is govern by the value of ‘n’ which
is a material dependent parameter. It’s values are 1/2 for direct band gap material and 2 for
indirect band gap material.

TiO2 compound has an indirect gap of 3.2 eV, so n = 2

(αhυ) =A
(
hυ −Eg

)n (1)

From the plot of (αhυ)1/2 as a function of hυ, the band gap is obtained by extrapolating
the linear part of the curve to the zero (α = 0) absorption as shown in Figure 4.

Figure 4 shows Tauc plots, i.e. ((αhυ)/2 Vs (hυ). The calculated optical band gap of the
prepared films varies is 3.5, 3.4 and 3,2 eV. We observe an increase of the optical band gap by
increasing the doping concentration from 3% to 7%. This can explain by the grain size of the
material which increases with the ratio of doping increase.

4. Conclusions

In this paper, TiO2 thin films were prepared by sol gel spin coating process. The effects of ratio
of doping on the structural and optical properties of the synthesized films were studied. The
results indicate that the XRD patterns show peaks of pure Anatase TiO2 with highest peak at
(101) and a Rutile SnO2 phases where their peak intensities become stronger with the rise of
doped SnO2.

The optical characterization of the thin films shows that the synthesized material is trans-
parent in the visible, along with an optical transmission varying from 75% to 95%. The value
of Ti:Sn band gap increase by increasing the doping concentration.
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