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Abstract: 

The aim of this study is to investigate the influence of in-situ crystallization on the 
microstructural and the photocatalytic properties of undoped and silver doped TiO2 coatings 
deposited on glass slides at different temperatures. Then, a first step of this work consisted in 
depositing a SiNx barrier layer on the glass slide to prohibit further diffusion of alkali 
elements and poisoning of the active layer. 
The second step was to synthesize pure TiO2 and silver-doped TiO2 films at high pressure by 
magnetron sputtering at the temperatures between 250 and 550°C. Silver was introduced in 
the coatings at different contents by co sputtering simultaneously of titanium and silver target. 
The samples were characterized by X-ray diffraction, scanning electron microscopy and 
finally the photocatalytic activity was assessed by using the Orange G decomposition upon 
UV or visible irradiations.  

Introduction: 
In order to solve environmental problems relating to wastewaters, TiO2 photocatalyst has 

been intensively studied due to its ability to degrade a wide range of organic pollutants, its 
physical and chemical stability, low-cost and non-toxicity [1]. However, TiO2 has a relatively 
high bandgap (Eg > 3.2 eV) and can only excited by UV irradiation. In order to make it work 
under visible light irradiation, many studies proposed doping of TiO2 with some transition 
metals [2]. Among these metals especially silver, have received much attention for this 
purpose [3]. In this work, we have investigated the structural and photocatalytic properties of 
undoped and silver doped TiO2 coatings deposited on glass slides at high pressure and 
temperature. 

Experimental Details 

Undoped and Ag doped TiO2 films were deposited at 5 Pa by reactive DC magnetron 
sputtering using two metallic targets of Ti and single target of Ag on glass slides substrates. 
The substrates are covered in the first step by 250 nm SiNx barrier layer to avoid alkali 
elements diffusion of glass and degradation of TiO2 photocatalytic activity [4]. The substrate-
holder was heated from 250 to 550 °C by radiative effect using an electrical resistance placed 
behind of the substrate-holder at about 5 mm. The details of the reactive magnetron sputtering 
reactor are available elsewhere [5]. The distance between the targets and substrate holder was 
fixed at about 60 mm and the substrate holder was rotated regularly during the deposition run 
(60 RPM).  
In all experiments, the discharge current applied to Ti targets was fixed at 0.8 A. To obtain 
Ag-doped TiO2 samples with different silver ratios, Ag element was introduced in the coatings 
at different contents by adjusting the discharge current applied on Ag target from 5 to 8 mA. The main 
deposition parameters are summarized in Table 1. 



Table1. Sputtering parameters for synthesis of undoped and Ag doped TiO2 coatings. 

The structure of the films was characterized by X-ray diffraction in the Bragg-Brentano (θ/2θ) 
geometry using Bruker D8 focus diffractometer equipped with a cobalt anode 
(CoKα1+α2radiations). The morphology of the coatings is assessed by means of scanning 
electron microscopy (SEM) using a JEOL JSM 5800 LV equipped with energy dispersive 
spectroscopy (EDS) for chemical composition measurements. Finally, the photocatalytic 
activity was evaluated by following the Orange G decomposition during 2 h upon UV or 
visible irradiation by means of an experimental setup whose principle is based on that 
described in elsewhere [4]. The photocatalytic activity is expressed in terms of apparent rate 
constant K' in min− 1.  

Results and discussion 
Fig1. represents the X-ray diffractograms of TiO2 coatings prepared at different 

temperatures. At 250°C, the film is amorphous and crystallize at a temperature between 250° 
and 300°C only under desired anatase phase which is responsible of photocatalytic activity 
and neither traces of parasitic phase were detected in the films. The films show very good 
structural stability up to 550 °C. 
 

 

 

 

 

 

 

Fig1.X-ray diffractograms of TiO2 coatings in-situ crystalized at different temperatures. 

The evolution of the apparent rate constant K’ as a function of substrate temperatures is 
presented in Fig2. At low temperature (250°C) for an amorphous catalyst coating, the 
degradation of Orange G is low and increase after crystallization under anatase phase. 
The sample annealed at 450 ° C represents the highest constant K ' equal to 2.10-3 min-1. For 
temperatures above 450 ° C, K 'decreases progressively with the annealing temperature. The 
increasing of activity at 450°C can be explained by the optimum grain size and porosity of the 
film or could be attributed to decrease in the number of recombination centers [6]. 
The top view observation (Fig3.a) and SEM cross-section (Fig3.b) of the films crystallized at 
450°C exhibit porous morphology and a thickness of about 900 nm. 

 

Ar flow rate (sccm) 220 Target (metallic) Ti Ag 
Oxygen flow rate (sccm) 10 Discharge current (A) 0.8 0.005→0.008 
Total pressure (Pa) 5 Pulse frequency (kHz) 50 - 
Run duration (h) 2 Substrate temperature (°C) 250-550 
Draw distance (mm) 60   
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Fig3.top (a) and cross section (b) SEM observations of a TiO
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450°C. Fig4 shows the XRD patterns of the Ag
the coatings crystallize in the anatase structure and the presence of metallic Ag is visible even 
for Ag content as low as 1 at/.%.

 

 

 

Fig4. X-ray diffractograms of Ag
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Fig2. Evolution of the apparent rate constant K’ as a function of the substrate temperatures for 
the TiO2 films. 

 

Fig3.top (a) and cross section (b) SEM observations of a TiO2 coating synthesized at 450°C.

For an activity in visible light, we introduced different silver contents (1, 2, 7 and 10 at
4 shows the XRD patterns of the Ag-doped TiO2 coatings prepared at 450°C.  All 

tings crystallize in the anatase structure and the presence of metallic Ag is visible even 
for Ag content as low as 1 at/.%. 

 

 

 

 

ray diffractograms of Ag-doped TiO2 coatings in-situ annealed at 450°C.

The evolution of the apparent rate constant K’ as a function of silver content is compared for 
the films deposited at 450 °C under UV irradiation and visible light (fig
irradiation, the apparent constant K’ of TiO2 is about 2.10-3 min.-1. It increases 

for about 1 at.% Ag and falls to 0.7 10-3 min.-1 for Ag contents higher than 7 at.%. 
ible light, it was found that a pure TiO2 is not active under visible light, increasing 

Ag content increases quite linearly K’ up to 1.2 10-3 min.-1 for about 7 at.% Ag and then 
decreases K’ for higher Ag contents.  
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coatings prepared at 450°C.  All 
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Fig5. Evolution of the apparent rate constant K’ as a function of Ag at.% for the coatings 

The top surface (Fig6.a) and cross
coating synthesized at 450°C show that the 1.2 µm
dispersion of metallic Ag over its surface.

Fig6. Top surface (a) and cross section (b) SEM micrographs of 7 at.% Ag doped TiO

Conclusion 

The efficiency of undoped and Ag doped porous TiO
magnetron sputtering at high pressure on heated glass slides substrates (from 250 to 550 °C) 
was investigated. The photocatalytic activity of undoped fil
450°C under UV irradiation. Under visible ligh
at.% Ag-doped TiO2 thin film is attractive for photocatalytic applications. Under UV 
irradiation, however, the 1 at.%
photodegradation  as compared to the undoped TiO
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Fig6. Top surface (a) and cross section (b) SEM micrographs of 7 at.% Ag doped TiO
coating synthesized at 450°C. 
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