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Atomic structures for ABO3 perovskite
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Barium titanate - perovskite was discovered half a
century ago, but due to its unique crystal structures, physical
and chemical properties, the material still attracts a lot of
attention of researchers. In addition, barium titanate has a high
dielectric constant, and their excellent piezoelectric and
ferroelectric properties are also known. Over the past decade,
it has become one of the important materials with excellent
dielectric, ferroelectric and piezoelectric properties, due to
which this type of material has great capabilities, which allows
them to be used in the production of electronic devices. It is
one of the most thoroughly studied cubic perovskites, and has
paraelectric properties at high temperatures and has a simple
cubic perovskite structure. Most of the ABOs type perovskites
have the same stable phases at different temperatures.

Perovskites can exist in various phase modifications, which
generally exhibit different properties. The number of phase
modifications depends on the specific combination of A and B
cations [1, 2]. Many perovskites, specifically, demonstrate the
presence of other phases. The highly symmetrical cubic phase
of the Pm-3m crystal is also stable at high temperatures and
demonstrates a series of three phase transitions with
decreasing temperature: tetragonal 14/mcm at 393 K,
orthorhombic Amm2 at 278 K and rhombohedral R3m at 183
K, as shown in Figure 1.

Over the past 20 years, several first principles calculations
have been carried out, in which more attention was paid to the
structural and electronic properties of the four phases [3].
Perovskites are complex oxides, mainly of the composition
ABO3, where A is a divalent metal, and B is a tetravalent
(transition) metal. DFT calculations are carried out with high
accuracy to precisely obtain  ferroelectric  phases.
Minimization is not required for a cubic structure. The
tetragonal structure was optimized by changing the
coordinates of the ions, since the symmetry (distortion in the z
direction) allows optimization in a fixed c/a ratio, while
maintaining a fixed volume. The theoretical study of this
perovskite still requires detailed analysis, since it does not
show the same result compared to experimental data and still
remains an object research. Experimental data showed band
gap widths of about 3.7 eV for the cubic phase and 3.9 eV for
the tetragonal phase. In general, density functional theory
(DFT) will be applied with a combination of different
approximations to describe the structure of the perovskite band

gap.
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Figure 1. Unit cells BaTiOs in cubic, tetragonal,
orthorhombic and rhombohedral phases.

Then, using the optimized coordinates of the ion particles, the
relation (maybe the ratio) ¢/, was optimized at a constant
volume. Thus, the relation Ti(1/2,1/2,1/2 + Az;,),
01(1/2,1/2,4z,,), 0,(1/2,0,1/2+ Az,,) it has been
optimized while minimizing. The lattice parameters were also
optimized in the orthorhombic phase: a, b, ¢ and
Ti(1/2,0,1/2 + Azy;) 01(0,0,1/2 +
4201),02(1/2,1/4 + Aygy 1/4 + Azp,). Lattice
parameter  a (a =h= c), angle o (a=f=vy)
ATi(1/2 + 4x,1/2 + Axy 1/2 + Axyy)

0(1/2 + Axp,1/2 + Ax(,0 + Az,) were optimized values
for the rhombohedral phase.
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