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Abstract 

First principles periodic calculations based on the density functional theory within the localized atomic orbital approach (DFT-LCAO) 
using the hybrid exchange-correlation potential PBE0 have been performed in order to simulate the structural and electronic properties of 
both non-stoichiometric and stoichiometric [001]-oriented four-faceted SrTiO3 (STO) nanowires (NW) of cubic structure. Their diameters 
have been varied from 0.3 up to 2.4 nm with a correspondence to a consequent change of NW cross-section from 22 to 55 extension of 
the lattice constant in bulk. Energetic stability of STO NW (both non-stoichiometric and stoichiometric) has been found to be increased 
with the decrease of their formation energies together with the increase of NW diameter. The electronic structure calculations have shown 
that the width of band gap is changed in STO NWs of different structural types as compared to that in bulk being consequently reduced 
with the growth of NW diameter although character of such a decrease depends on morphology of nanowire. Analysis of these changes 
shows that non-stoichiometric TiO2-terminated and stoichiometric strontium titanate nanowires can be quite promising candidates for 
further applications in photocatalytic processes under solar irradiation whereas SrO-terminated nanowires are rather not suitable for this 
purpose. 
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1 Introduction 

Ternary metal oxides are suitable for photocatalytic water 
splitting into H2 and O2 gas components under solar irradia-
tion [1]. Materials with perovskite oxide cubic (CaTiO3, 
SrTiO3) and non-cubic, e.g., orthorhombic (NaNbO3, 
KNbO3) as well as hexoctahedral (Bi2Ti2O7), equilibrium 
structures were found to be fitted for these applications. 
Recent advances in science and technology of perovskites 
(ABO3) and other ternary metal oxides (AxByOz) have resul-
ted in the marked decrease of their sizes down to nanoscale 
dimensions, which manifest essential deviation from the 
properties of 3D bulk and 2D film counterparts [2]. Perovs-
kite nanowires [3] usually possess a higher efficiency in 
photocatalytic applications as compared to other 1D and 0D 
nanostructures.  

2 General 

We have simulated the structural and electronic properties 
of both non-stoichiometric (Fig. 1) and stoichiometric (Figs. 
2 and 3) [001]-oriented four-faceted SrTiO3 nanowires cut 
from cubic bulk structure of strontium titanate. Their diame-
ters have been varied from 0.3 up to 2.4 nm with a corres-
pondence to change of NW cross-sections from 11 to 55 
extension of bulk lattice constant. They are considered as 
four-faceted [001]-oriented infinite prism, which unit cell 
with length ao is terminated by lateral SrO- or TiO2-
containing square facets {1 0 0}, {010}, {10 0} and {0 1 0} 

imaged in Fig. 3, since they possess the smallest surface 

energy among any other cubic SrTiO3 facets. Sr- or Ti-
centered non-stoichiometric STO nanowires (Figs. 1a,b) can 
be described by D4h point group, while in hollow-centered 
stoichiometric NWs (Fig. 2) a point group symmetry C2v 

corresponds to the two mirror planes oriented along nano-
wire axis and cross-section diagonals (Fig. 3). 

a)  b)   
FIGURE 1 Cross sections of non-optimized structure for non-

stoichiometric SrO- and TiO2-terminated STO NWs with 33 thickness (a 
and b, respectively). Sr and invisible O atoms (under Ti atoms) form a 

lower next-neighboring layer for each unit cell of nanowires. 

 
FIGURE 2 Cross section of non-optimized structure of stoichiometric STO 
NWs with 33 thickness. Sr and invisible O atoms (under Ti atoms) form a 

lower layer for each unit cell of nanowire 

 
FIGURE 3 Axonometric image of stoichiometric [001]-oriented SrTiO3 
NW terminated by both SrO {1 0 0} and {010} as well as TiO2 {1 0 0} 

and {0 1 0} facets with 2×2 extension of the thinnest possible 1×1 
nanowire (5 atoms per UC). Left panel contains labels of constituent 

atoms  
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FIGURE 3 Energy diagram of the band structures of SrTiO3 bulk as well as [001]-oriented non-stoichiometric and stoichiometric nanowires (Figs. 1-3) in 

proximity of the inter-band gap edges and redox potentials for H2O molecule dissociation. Striped areas of columns consist of the virtual (non-populated) 

energy levels in the band structure unlike filled areas, the levels in which are populated 

All DFT calculations, using CO LCAO method as im-
plemented in the CRYSTAL code [4], have been performed 
within the hybrid PBE0 exchange-correlation functional 
with 16% contribution of Hartree-Fock (HF) exchange. As 
a result, the optimized lattice constant of cubic SrTiO3 bulk 
has been found to be different from the experimental value 
by less than 1% [5]. 

We compare the band edge positions and Fermi levels of 
nanowires with those for perfect SrTiO3 bulk as well as with 
levels of reduction H+/H2 and oxidation O2/H2O potentials. 
Figure 4 presents the energy diagram drawn using results of 
our calculations on strontium titanate nanowires (Figures. 1-
3), which allows one to estimate eligibility of all the types 
of strontium titanate nanowires considered for photoca-
talytic applications. The main criterion for suitability of 
arbitrary material as photoelectrode is proper ratio between 
its band gap edges as well as the potentials of reduction and 

oxidetion for water splitting reaction under solar irradiation 
is: CB_bottom (or Fermi) > H2_reduction > O2_oxidation > VB_top [5]. 

3 Conclusions 

We show that both non-stoichiometric TiO2-terminated and 
stoichiometric strontium titanate nanowires can be used as 
photoelectrodes, directly in the former case or after addi-
tional structural and chemical modification of the latter. At 
the same time, SrO-terminated STO nanowires are rather not 
suitable for this purpose.  

The current study can be considered as the first step in 
development of nanowire models for photocatalytic applica-
tions, the next steps will include implementation of vacan-
cies and dopants in nanowires as has been done for SrTiO3 
nanotubes [6].  
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