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Abstract 

Ab initio calculations of lead zirconate titanate (PbZrxTi1-xO3) or PZT have been performed using the CRYSTAL14 computer code within 
the framework of the density functional theory. This study continues the researches of lead titanate (PT) and lead zirconate (PZ) performed 
earlier [1,2]. The calculations have been performed by varying the concentration of Zr and Ti for the values of x = 0; 0.25; 0.5; 0.75; 1. 
The results received within the project for ISSP UL PhD students are in a good qualitative agreement with those reported in the references. 
This not only proves that the chosen approach towards the calculations allows us to reproduce the results obtaimed earlier but also that the 
older versions of the CRYSTAL code used in 2004 and 2007 are plausible. 
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1 Introduction 

PZT is a piezoelectric ceramic material that is widely used 
due to its broad spectrum of applications due to the unique 
piezoelectric properties. In particular, PZT materials are 
used as ultrasonic transducers, ceramic capacitors, sensors, 
actuators, MEMS – microelectromechanical systems, 
storage devices, electro-optical modulators, in space 
programs dues to its radiation resistance, etc. However, as 
the piezoelectric properties of PZT are not fully understood 
the interest in studying the material is high. 

2 General 

PZT is a solid solution of PZ and PT, which leads to the 
interest in analysing the effects of Zr and Ti concentration 
variation on the structural and electronic properties of the 
material. The model of the PbZr0.5Ti0.5O3 is shown in Figure. 

 
FIGURE 1 Model of PbZr(0.5)Ti(0.5)O3 (Pm3m space group) 

During the calculations hybrid B3PW DFT method has 

been used within the CRYSTAL14 computer code [3]. 
Gaussian-type functions are centered on atomic nuclei as the 
basis sets (BS) for an expansion of the crystalline orbitals. 
During the calculations the same BSs have been used as in 
the previous calculations [1,2]: O-8-411(1d)G, Pb – 
211(1d)G, while the BS for Zr - 311(31d)G and Ti – 
411(311d)G. The inner core electrons of Pb, Zr, and Ti 
atoms were described by Hay–Wadt effective core 
pseudopotentials taking into account the relativistic effect.  

3 Conclusions 

The calculated lattice constants and density of states (DOS) 
for the values of x equal to 0 and 1 are in a very good 
agreement with the results previously reported [1, 2]. 
Moreover, for PbZr0.5Ti0.5O3, we have obtained ao = co = 4.04 
Å, in a qualitative agreement with ao = 4.12 Å reported in Ref. 
[4]. The analysis of the Zr an Ti concentrations has showed 
that the lattice constant increases with the increase of x 
values. The band gap also increases with the growth of x. 
For PbZr0.5Ti0.5O3, gap  = 3.6 eV, in a good agreement with 
3.5 eV from Ref. [4]. 
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