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Abstract 
Titanium dioxide (TiO2) is one of the most relevant strategic material in many technologically important areas, 

like heterogeneous catalysis [1-3], photo-assisted oxidation [4], optical [5,6] and photovoltaic devices [7]. To 

increase the efficiency of these processes through material engineering, routes such as tailoring the 

absorption edge of the material in the visible light range [8-11], or maximizing the effective surface area are 

available. A fundamental contribution to the latter may come from realization of fractal materials [12] with 

nano- and mesoscopic pores, or by hierarchical organization of nanostructures [13,14], enhancing, for 

instance, the selectivity behavior of catalyst material with high porosity [15]. The synthesis by pulsed laser 

deposition (PLD) using nanosecond (ns) laser pulses resulted in the formation of nanoparticles (NP) either in 

low [16], high [17-21,27] or ultra-high vacuum [22], and even in liquid [23], while formation of dendritic-like 

structures has been reported only for ns-PLD in water [28] or at high argon pressure by employing thousands 

of ns pulses [24]. Recently, femtosecond (fs) pulsed laser deposition (fs-PLD) has drawn a lot of interest due 

the process of non-thermal ablation, resulting from the high-energy density and short time-width of the pulse 

that bring the target surface to a supercritical state [25,26]. It has been shown that laser fluence, sample-

target distance and environment pressure influence the properties of the deposited material [27-30], but up 

to now very little is known about TiO2 nanostructure formation at ambient pressure, both for fs and ns regime.  

In this work we demonstrate that ambient pressure fs-PLD allows to obtain fractal TiO2 nanostructures in 

crystalline form at room temperature (Figure 1). These structures were studied by scanning electron 

microscope (SEM), Raman spectroscopy and X-Ray photoemission spectroscopy (XPS). We show that the 

dendritic aggregations on silicon wafers at room temperature (RT) have a Hausdorff-Besicovich dimension 

[31] of 1.56, and are hence fractals. The fractals are composed by nanoparticles with an average diameter 

smaller than 20 nm, with the presence of larger NP with a diameter above 50 nm. We show that the fractal 

dimension depends on the density of deposited material, while the size distribution of the fractals and NP 

depends on laser fluence and sample/target distance (Figure 2). XPS shows that the as-deposited 

nanostructures are TiO2 while Raman spectroscopy reveals that the crystalline structure of fractals and NP is 

composed by both rutile and anatase phase. 

 

Figures 

 

 

Figure 1.  SEM image taken at 10 KeV beam 

energy. The material was deposited with 150 laser 

pulses at a 9.6 J/cm
2
 laser fluence and substrate-

target distance of 2 mm. It is possible to distinguish 

few large nanoparticles with a circular-like shape 

and aggregates presenting a dendritic shape. The 

dark background is the silicon wafer substrate. 

Some of the large NP have been highlighted by 

dotted circles to evidence the crystalline shape. 
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Figure 2. Probability of finding 
a nanostructure with an area 
 A <A0 as a function of laser 
fluence and sample/target 
distance. Smaller fractals are 
found at higher laser fluences, 
and at 3.5 mm sample/target 
distance. 
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