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Figure 1.  Structure of ZrTiO4. The titanium or zirconium ions are located inside the octahedral constituted 
by the oxygen ions (red spheres). 

 

ZrTiO4, exhibits many attractive properties including excellent dielectric constant, high corrosion 

resistance, high permittivity at microwave frequencies and excellent temperature stability.13-16 For 

these reasons this material is widely used in technological application, such as in microwave 

telecommunications (as capacitor, dielectric resonator in filters, and oscillator),17-18 optical 

devices,19 memory devices (ReRAM),20 humidity sensors,21 in the manufacture of high temperature 

pigments,22 as structural ceramics 16 and, more recently, as biomaterial for medical applications.23 

However, the photochemical/photophysical and redox properties, of ZrTiO4 remain poorly 

investigated.24-27 

In our studies concerning new potential photocatalytic materials (mainly metal oxides) we 

follow a rational approach trying to go beyond the still very popular empiric approaches often 

found in photocatalytic research. We thus systematically consider a series of key factors potentially 

influencing the properties of a photoactive solid. The main ones are the electronic structure of the 

material (band gap energy value, presence of intra band gap states), the band potentials, the 

behavior under irradiation, and the presence of surface trapping sites for photogenerated charge 

carriers. The analysis of all these factors is not automatically leading to the identification of 

materials with superior photocatalytic properties, but is certainly a powerful tool suitable for a 

preliminary discrimination among a multitude of potentially photocatalytically active systems. 

The described approach is based on the coupling of experimental techniques and advanced 

theoretical calculations.  Optical spectroscopy and Electron Paramagnetic Resonance, in particular, 
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reported in the captions of the figures. Before every experiment the sample was subjected to an 

activation process: the samples was heated for 30 minutes at 773 K (283 K/min) under vacuum and 

other 60 minutes  in 20 mbar of O2. 

Trasmission Electron Microscopy analysis: The nanoscale TEM imaging of the samples was 

performed using a high-resolution transmission microscope Tecnai Orisis (FEI) with a X-FEG 

Schottky field emitter, operated at the accelerating voltage of 200 keV. For chemical composition 

analyses a windowless Energy Dispersive X-ray (EDX) system with a 4-sector silicon drift detector 

(SDD) was used. The Z-contrast images were acquired by means of a high angle annular dark field 

(HAADF) detector in the scanning mode (STEM). The STEM images coupled with the EDX elemental 

mapping were acquired including the sample drift correction using the Bruker Esprit software. Prior 

to microscopic analysis, the samples were ultrasonically dispersed in ethanol and dropped on a 

holey carbon film supported on a copper grid (Agar Scientific, 300 mesh). Analysis of the observed 

TEM images was corroborated by the computer image simulations by means of the multi-slice 

method implemented in the JEMS software.28 The Poisson noise at the level of 10% of the total 

contrast was added to the simulated images, in order to approach the experimental imaging 

conditions. To confirm the crystal phase assignment and reveal the orientation of crystallites, a 

single crystal diffraction pattern was simulated (within the kinematical and dynamical 

approximation) by means of the Rhodius software.29-30 

DFT calculation: The investigation of ZrTiO4 was carried out with periodic DFT calculations 

employing the Becke-3 31 and Lee-Yang-Parr 32 (B3LYP) exchange and correlation functional as 

implemented in the CRYSTAL14 program.33 

Crystalline orbitals were represented as linear combinations of Bloch functions (BF) and were 

evaluated over a regular three-dimensions mesh of points in reciprocal space. Each BF was built 

from local atomic orbitals (AO) resulting from contractions (i.e. linear combinations with constant 

coefficients) of Gaussian-type functions, which in turn are the product of a Gaussian times a real 

solid spherical harmonic function. All electron basis sets for O (8-411(d1)) and Ti (86-411(d41)) 

have been used. For Zr atoms, a 311(d1) basis set associated to ECP (Hay and Wadt small-core 

potential) has been selected. For the numerical integration of exchange-correlation term, 75 radial 

points and 974 angular points (XLGRID) in a Lebedev scheme in the region of chemical interest 

were adopted. The Pack-Monkhorst/Gilat shrinking factors for the reciprocal space were set to 3 
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A high degree of crystallinity of the ZrTiO4 nanograins was confirmed by the HR-TEM imaging, 

which shows the presence of ordered lattice fringes (Figure 4d). Simulation of the FFT diffraction 

pattern, taking into account both the kinematical (green circles) and the dynamical effects, (red 

circles corresponding to the (001) and (00-1) reflections), enabled straightforward assignment of 

the all observed diffraction spots, and determination of the nanocrystal alignment along the [110] 

direction. The corresponding HR TEM image was next simulated (Figure 4f) within the extended 

Scherzer defocus regime and the spherical aberration constant Cs = 12 µm. The simulated image 

matches perfectly the experimental one, allowing for univocal contrast interpretation. Analysis of 

the calculated thickness - defocus maps showed that the observed nanocrystal has the thickness of 

~ 8 nm. Within the applied imaging conditions, the bright spots define the positions of the mixed 

zirconium and titanium columns, whereas oxygen columns remain invisible.  

 

Figure 5. STEM-HAADF  image of the ZrTiO4 nanostructures (a) along with EDX maps (b-d) showing distribution of the 
constituting elements Ti (red), Zr (green), and O (blue). EDX line profile across the ZrTiO4 aggregates (e) and the 
corresponding variation of the composition (f). 
















































