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The aim of this study regards the development of photocatalytic titanium dioxide (TiO2) based 

nanomaterials for pollution control. Particularly, by synthesizing nanostructured coatings using 

physical vapor deposition (PVD) and Langmuir-Blodgett (LB) deposition techniques. 

These materials have a good hydrophilicity and an optimum photocatalytic efficiency, when 

comparing to a commercial standard. Therefore, this self-cleaning capability foresees potential 

applications in the building materials, particularly for ceramic panels (tiles, bricks) and glass 

panes [1].  

The PVD thin films were produced in reactive sputtering mode, using a pure titanium target in a 

atmosphere of Ar/O2:N2, whereas the LB thin film deposition consisted in using a water floating 

monolayer of TiO2 nanoparticles in a matrix of DTAB or CTAB surfactant. 

The photocatalytic efficiency was evaluated by monitoring the degradation of an organic dye 

(Methylene Blue 0.1 M) following an irradiation with UV-A light in the presence of the 

photocatalyst.   

For the PVD films, it was possible to correlate the relationship between the working gas flow 

(argon) used during the deposition and the first-order rate constant (k) for the degradation of the 

dye [2]. 

It was found that for the PVD films produced with an argon flow of 275 sccm a better 

photocatalytic performance was attained, with a first-order rate constant equal 2.6×10
-3

 min
-1

. 

(figure 1). This evidence can be ascribed that for a higher deposition pressure a subsequent 

enhancement of porosity in the films is achieved, resulting in a larger surface area for the dye 

(pollutant) adsorption. Furthermore, the thickness of the films increases up to a threshold of 275 

sccm, decreasing afterwards due to the decrease in mean free path of the impinging flux on the 

substrates during deposition and inherent inhibition of adatom mobility. The optical band-gap 

was determined from Tauc plots and was calculated to be 3.18 eV for the best coatings. The 

crystallinity of these films was characterized by X-ray diffraction (XRD) and the results show that 

anatase is the polymorph phase which is more stable and provides better photocatalytic 

efficiency (figure 2) [3]. 

The TiO2 nanoparticles obtained by sol-gel method were characterized by dynamic light 

scattering (DLS) and scanning electron microscopy in transmission mode (STEM). These 

results yield evidence that the nanoparticles are spherical and have size distributions centered 

between 100 and 400 nm, as seen in figure 3. 
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Figure 1 - Relative decrease in Methylene Blue concentration as 

a function of UV-A irradiation time for titania thin films deposited 

by sputtering with varying argon (working gas) flow rate. 

Figure 2 - XRD pattern for titania thin film 

deposited with a 275 sccm flow of argon. 

  

Figure 3 - Scanning electron microscopy image acquired in 

transmission mode (STEM) for the TiO2 nanoparticles produced 

by sol-gel method. 
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