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ABSTRACT 
 

Using the resistive heated method, TiO2/Ag/TiO2 thin files (Transparent heat windows) in vertical 
deposition angle were deposited on SiO2 substrate, in high vacuum (HV) condition and 100°c. The thickness of 
TiO2 on glass substrate was 50°A, Silver film 125°A and 225°A and the upper layer TiO2 with 115°A. All other 
deposition conditions were same for both samples. Atomic force microscope (AFM), and spectrophotometric 
methods were used to study the nanostructures of these samples in the range of FTIR. The purpose of this work 
is to find and produce the structure with the least energy waste. 
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Introduction 

 
Near forty years ago, an industry based on deposition of optical layers was established. Which created the 

basic structure of transparent heat windows with high efficiency to reduce the waste of energy. The heat 
windows have high transmittance in the visible region and very good reflectance in the infrared (IR). Because of 
these properties there are more need to use the heat windows in solar energy instruments. In hot seasons, when 
the sun shine is a major problem for homes and buildings, a good structure with best design of multi layers 
would be helpful to solve this problem (K.L Chopra, et al., 1983). 

Basically, the design of these layers is such as: two dielectric layers, and a conducting one 
between them. There are different methods of designs as: Zns/Ag/Zns, ITO/Ag/ITO (X. Liu, et al., 2001; X. 

Liua, et al., 2003) and etc…, but the analytical study of results showed that the efficiency of 
TiO2/Ag/TiO2/SiO2 design is the best for use of energy saving. 

Semiconductor-mediated photocatalytic oxidation is regarded as a promising method for eviromental 
decontamination. Among the semiconductors employed, TiO2 is considered a good photo catalyst because of its 
high photosensitivity, non-toxicity, easy availability, strong oxidizing power and long-term stability (M.A Fox, 
M.T. Dualy, 1993; N. Venkatachalam, et al., 1967). This semiconductor occurs in three different crystalline 
forms, rutile, brookite and anatase, the last of these having remarkable photocatalytic activity (A. Navrotsky, et 
al., 1967). Thus, nanoparticles of the semiconductor anatase have been under intense investigation for possible 
application in the removal of organic contaminants from air and water (P. Qu, et al., 1998; R. Libanori, et al., 
2009; H. Wang, et al., 2005; A.L. Linsebigler, et al., 1995; J.R. Garbin, et al., 2007). 

In the literature, several reports have appeared on TiO2 thin films produced by different techniques. 
Sayilkan et at. (2008) reported the preparation of TiO2 thin films by thermal hydrolysis. Sankapal et al. (2006) 
described the synthesis of nanocrystalline titanium dioxide thin films and powders by chemical and 
electrochemical deposition methods. Venkatachalam et al. (1981) prepared nanocrystallinc TiO2 photocatalysts 
of different anatase to rutile ratios by a sol-gel technique. There are large variations in the properties of TiO2 
thin films produced by each technique. However, the production of anatase TiO2 phase is not trivial, and 
represents an interesting case where synthesis of TiO2, on the nanometric scale favors the anatase phase over 
rutile (C. Ribeiro, et al., 2007). Thus, synthesis methods able to control the final particle size are necessary for 
development of the phase (M. Boudart, G. Djega-Mariadasson, 1981; C.Ribeiro, et al., 2007). An interesting 
method of controlling the size and the surface contamination of TiO2, nanoparticles obtained by calcination is 
the polymeric precursor method (C.M. Ronconi, et al., 2008). This method is based on the ability of 
polycarboxylic acids, particularly citric acid (CA). to form very stable watersoluble complexes that can be 
polymerized by polyesterification with a polyalcohol, to form a resin. 

This process leads to the formation of a polymeric precursor with the cations homogeneously distributed in 
a three-dimensional solid lattice, avoiding precipitation or phase separation during the synthesis of the metal 
oxide (C.M. Ronconi, et al., 2008). It is known to be suitable for the formation of thin films by deposition of the 
polymeric resin on a substrate and calcination of this specimen leading to the in situ formation of the oxide film. 
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This is also a possible method for the immobilization of photocatalyst and its use in photo-reactors (C.M. 
Ronconi, et al., 2008). 

However, one of the main challenges to optimizing TiO2 nanostructures is the high rate of recombination of 
the electron- hole pairs, which reduces significantly the photocatalytic efficiency. A reduction in the 
recombination rate and consequent increase in the efficiency can be achieved by the incorporation of noble 
metal into the structure of the semiconductor (V. Subramanian, et al., 2001). There have been several reports on 
metal incorporation to inhibit the recombination processes (G. Colon, et al., 2006; 2005). Anpo and Takeuchi 
(M. Anpo, M. Takeuchi, 2003) showed that the incorporation of small amounts of Pt in the TiO2 structure 
dramatically increases the photocatalytic activity of the semi-conductor. because the metal centers enhance the 
charge separation of the electrons and holes generated by light irradiation. Wang et al. (2008) also reported the 
increase of photocatalytic efficiency of mesoporous anatase TiO2 powders of high surface area by the 
incorporation of Ag nanoparticles. However, at the moment, the photocatalytic activity of thin films obtained by 
the polymeric precursor method, doped or otherwise, has been investigated little. 
 
Experimental Details: 

 
For deposition of films, we used the (Ets160), with a pressure of 2.5×10-6 torr in chamber. The substrates 

were SiO2 in the dimensions of (1×18×18 mm), and were cleaned with in ultrasonic bath. Deposition angle was 
90° (vertical) and the temperature of the substrate was 100°c. the rate of deposition, and temperature was the 
same for all samples and the thickness of layers were measured using quartz-crystal instrument. Dual scope de 
45-100/50, and (Hitachi U-3310) to measure reflectance and transmittance spectra in the range of 300-1100 nm. 
 
Results and Discussion 

 
Fig1, Shows the AFM of transparent heat window (TiO2/Ag/TiO2/SiO2) With 125°A silver layer. The 

grains on the plane of surface, where the layer is too thin, are small, but on the other regions were big. Fig2, 
Shows the AFM of transparent heat window (TiO2/Ag/TiO2/SiO2) thickness of silver layer is 225°A, and 
number of grains on the surface are more and coverage is complete. 

 
 

 
 
Fig. 1: AFM of transparent heat window (TiO2/Ag/TiO2/SiO2) With 125°A silver layer.                                             
 
Fig. 2: AFM of transparent heat window (TiO2/Ag/TiO2/SiO2) with 225°A silver layer 

 
Fig3 (a, b) Indicated the transmittance and absorbance of heat window with 125°A silver layer respectively. 

As it can be the light beam is transmitted completely and there is no absorbance.  
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Fig. 3: (a). Transmittance of heat window with 125°A silver layer thickness. 

 
Fig. 3: (b). Absorbance of heat window with 125°A silver layer thickness. 

 
Fig4 (a, b) Indicates the transmittance and absorbance of the heat window with silver layer of 225°. The 

transmission of light beam is 95% and absorbance 5% which is useful for industrial techniques. 

 
Figure 4 (a). Transmittance of the heat window with silver layer of 225° A thickness. 
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Fig. 4: (b). Absorbance of the heat window with silver layer of 225° A thickness. 
 
Summery: 

 
Using resistive heated method, TiO2/Ag/TiO2/SiO2, (Transparent heat windows) thin films in different 

thicknesses of silver layer (125°A, 225°A), and vertical angle of deposition were prepared. 
Topography of surface indicates that the grains are ideal for this purpose. The grains on the plane of 

surface, where the layer is too thin, are small, but on the other regions were big for TiO2/Ag/TiO2/SiO2 with 
125°A silver layer. 

AFM of transparent heat window (TiO2/Ag/TiO2/SiO2) thickness of silver layer is 225°A, and number of 
grains on the surface are more and coverage is complete. 

Transmittance of these windows is perfect (100%) with almost no absorbance and they are perfect for 
industrial uses. 
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