BaTiO3 based Nanostructures: Nanolayers, Nanotubes, Nanowires
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The first-principles LCAO calculations with hybritlF-KS exchange correlation
functional and the structure optimization are pened on the cubic BaT¥Obased
nanostructures: diperiodic (2D) layers with the igaicity in (001) and (110) planes,
monoperiodic (1D) nanotubes (with the square mdaqgy), monoperiodic (1D) nanowires
with the translation axis along [001] and [110Jedtions. The convergence of the results with
the nanosystem size increasing is studied undehsdmetric condition.

2D layers. BaTiO; (001) slabs, being consisted of even number ohigt@lanes with
BaO and TiQ terminations, obey stoichiometry. Oxygen-termida(@10) slabs with odd
number of planes can be converted to stoichiomstreets by removing extra oxygen atoms
from surface planes. The converged results fostittace energy of 1.28 Jni.22 J/rfh, and
the values for the formation energy of 24 kJ/m@,K3/mol are obtained for the (001) and
(110) slabs consisting of 10 formula units.

1D nanotubes. The comparison of the surface and formation ensrdo the
nanotubes rolled up from two (2L) and four (4L)n®a (both with Ti and Ba terminations for
the outer nanotube shell) is made. The monoperioditcell consisting of 300 atoms was
used to model the nanotubes with chiralities (6080,30) and (30,0), (15,15), respectively.
The smallest surface energy (1.1 %/and the smallest formation energy (130 kJ/moljewe
found for both 2L Ba terminated and 4L Ti termima{@0,0) nanotubes, respectively. The
strain energy is about of —10 kJ/mol in the firss& and +10 kJ/mol in the second case. The
strain and formation energies of 4L nanotubes atlily (n,n) are noticeably greater than
those at chiralityr(,0) for the both terminations.

1D nanowires. [001] nanowires were constructed usimgix1 supercells of the bulk
crystal and removing the periodical boundary caads in the [100] and [110] directions. For
n =4 (80 atoms in 1D unit cell) the surface anarfation energies of [100] nanowire are 1.52
JInf and 122 kJ/molrespectfully.The results obtained for [110] nanowires are ctosiose
for [001] nanowires of the equivalent size, exctmt their formation energy is slightly
larger.
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