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1. Introduction 
Inserting a dopant in a solid for controlling its physical properties is a subject of importance in both the 
fundamental and technological perspectives. One of the most interesting features reported is the induction of a 
conducting sate in insulating perovskites. In fact, many of perovskites exhibit a semiconducting behavior, and 
thus the control of their electrical properties could be useful for applications in electronic devices. In addition, 
depending on their chemical composition, these materials present different interesting properties such as: 
ferroelectric BaTiO3orPbTiO3, anti-ferroelectric PbZrO3, thermoelectric SrTiO3, optical SrMoO3, magnetic 
LaTiO3and half-metallic BaNpO3[1-7]. The exceedingly varied properties of perovskites give them large field of 
potential applications in comparison with the conventional semiconductors. On the other hand, thermoelectric 
(TE) materials are promising for resolving the problems of energy production and refrigeration technology [7,8]. 
In thermoelectric generators, thermal energy is directly converted into electrical energy [9,10] and therefore it 
acts as a good source of green energy. 
We have calculated the structural, elastic, electronic, thermal and thermodynamic properties of pure SrTiO3 
perovskite and doped with hydrogen as SrTiO3-xHx(x = 1) using full potential linearized augmented plane wave 
(FP-LAPW) method implemented in the WIEN2k code [11,12]. The first region is formed of the atomic spheres 
of radius RMT (MT: muffin-tin) where the atoms are logged, and the second region is formed by the interstitial 
space between spheres. The basic functions, densities of electrons and potential were defined by a finite series 
of spherical harmonics originally in the atomic sites; in other words, in atomic spheres, with a cutoff threshold 
lmax= 12. The Fourier series are used to describe the interstitial parts. The wave functions in the interstitial parts 
were developed in plane waves with a cutoff of Kmax = 5/RMT (see Table 1).  
We choose the total energy as criterion of convergence and it is set to 10-4 mRy. We have treated the exchange 
and correlation potential with the generalized gradient approximation (GGA-08) [13], which is known to give 
more accurate results than the local spin density approximation especially for electronic properties. For 
structural and electronic calculations, we have used (10 × 10 × 10) and (14 × 14 × 14) mesh respectively. 
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Table 1: Muffin-tin radii (RMT) of Sr, Ti, O and H atoms of SrTiO2H 
Atom RMT 
Sr  2.49      
Ti 1.90     
O 1.72             
H 1.20 

 
The cutoff energy that defines the separation between the core and valence states is set at -6.0 Ry. The SrTiO3 
crystallizes in the cubic structure with space group of Pm-3m No. 221, while SrTiO2H has a tetragonal structure 
with space group of (P4/mmm) No. 123 (see Fig. 1a and b). For heavy atoms with a significant electronic 
charge, we performed calculations within the relativistic scalar approximation. The spin-orbit coupling has been 
investigated and found to not significantly change the results, so it was not considered in our calculations. 
 

 
Figure 1: Crystal structures of SrTiO3-xHx: (a) SrTiO3 and (b) SrTiO2H. 

 
3. Results and discussions 
3.1 Structural and elastic properties 
We have carried out self-consistent calculations of total energy for different lattice parameters. The lattice 
constant (a), bulk modulus (B) and its pressure derivative (B') for SrTiO2H were determined by adjusting the 
total energy Etot(V) as a function of equilibrium volume obtained using the state equation of Monahan [14]: 
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Where B and B' are the bulk modulus and its pressure derivative, respectively, V0 is the volume of ground state. 
The lattice constant at equilibrium was obtained by considering the minimum of the Etot(V) curve (Eq. 2). The 
bulk modulus B was determined using Eq. 3 and B' was computed from Eq. 4: 
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Fig. 2 shows the changes of total energy as a function of volume and c/a rapport for SrTiO2H with GGA08 
approximation. The obtained results are summarized in Table 2, which were used to calculate the electronic 
structure, thermodynamic and transport properties. The elastic constants determine the relationship between the 
mechanical and dynamic behavior of solids, and give important information on the nature of forces acting on 
solids. The mechanical stability of a cubic phase is given by the following criteria [15]: C11˃0, C44˃0, C33˃0, 
C66˃0, (C11 - C12) ˃0, (C11 + C33) ˃0 and 2(C11 + C12) + C33 + 4C12 ˃0. The calculated elastic constants are 
depicted in Table 2, and all the extracted parameters follow the conditions of stability. 

a) b)a) b)
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Figure 2: Changes of total energy as a function ofvolume (V) in part (a)and (c/a) in part(b) of SrTiO2H. 

 
Table 2:Calculated lattice constant (a), bulk modulus (B) and its pressure derivative (B') and elastic constants 

for SrTiO2H. 
Parameter Our calculations 
a (Å) 3.94 
c/a 0.94 
B(GPa) 146.22          
B' 4.2362 
C11(GPa) 293.95 
C33(GPa) 175.19 
C44(GPa) 65.19 
C66(GPa) 99.18 
C12(GPa) 99.92 
C13(GPa) 55.50 

 
3.2 Electronic Properties 
The computed band structure obtained along the high symmetry directions in the Brillouin zone of SrTiO2H is 
illustrated in Fig. 3. It is shown that the band gap vanishes due to the conduction band minimum which crosses a 
slight Fermi level (EF). As a consequence, the semiconducting behavior of pure SrTiO3 was modified by 
hydrogen substitution and therefore the SrTiO2H becomes metallic. An essential factor to determine the 
electronic properties of solids is the energy distribution of valence and conduction bands. As an example, the 
analysis of dielectric functions, transport properties and strong photoemission require knowledge of the 
electronic density of states (DOS). Theoretically, the position of the Fermi level and probability of crossing via 
tunneling effect of electrons and holes through interracial barriers require detailed calculations of the electronic 
density of states.  
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Figure 3: Band structure of SrTiO2H. 
 

The total and projected total and partial densities of states (DOS) of atoms in SrTiO2H are shown in Fig. 4 a, b, 
c, d and e. As can be seen from the figures, the SrTiO2H compound is found to be metallic which confirms the 
band structure results. The Examination of the curves of the partial and total densities of states of SrTiO2H (Fig. 
4) shows that the valence band of SrTiO2H consists of three regions: The upper region in the valence band 
denoted A having a width of 7.39 eV, is due essentially to the O-2p states and minor contributions of Ti-d and 
H-s states. We note also the p-d hybridization which indicates the covalent character of the Ti-O bonds. At 
Fermi level we can distinguish a net overleap between Ti-d and H-s bands which leads to s-d hybridization and 
consequently explains the metallic behavior of SrTiO2H. The medium region labeled B which is located 
between – 16.450 and – 15.55 eV originates essentially from Sr states. The lower valence band region denoted 
C located between –17.75 and –19.42 eV, is due mainly to O-2p and O-2s states. Furthermore, the conduction 
band starts from 0 to 16.5 eV is due to Ti-3d and Sr-3d bands. In summary, the s-d hybridization between H-s 
and Ti-3d is the source of the metallic character of SrTiO2H. 
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Figure 4: Total and partial densities of states of SrTiO2H. 
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3.3 Thermodynamic Properties: 
The quasi harmonic approximation was developed by Alberto Otero et al [16] under the name of Gibbs code and 
it is integrated into the wien2k package. The thermal properties of SrTiO2H material were determined in the 
temperature range of 0 to 1200 K at different pressures 0.0, 16.0 and 28.0 GPa. Our results indicate that the 
volume increases slightly with increasing temperature then becomes stable from certain pressures (Fig. 5 a), 
while the bulk modulus and Debye temperature decrease slightly with temperature (Fig. 5 b and c). We have 
also computed the heat capacity (CV) at different temperatures and pressures. It is found that CV increases with 
increasing temperature to have the saturation at high temperature, this behavior of CV remains the same when 
changing the pressure. 

 
Figure 5: Temperature dependence of(a) volume, (b) Bulk modulus and (c) Debye temperature of  SrTiO2H at 

different pressures of 0.0, 16.0 and 28.0 GPa. 
 
At high temperatures and at higher pressures, the an-harmonic effect on the heat capacity is suppressed, and CV 
is close to the Dulong-Petit limit (CV (T) ~ 3R for monatomic solids), which is common to all high temperature 
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solids (Fig. 6). The change of thermal expansion (α) with temperature and pressure is shown in (Fig. 7). For a 
given pressure and at low temperatures, the value of α increases with increasing temperature, particularly at zero 
pressure, and gradually tends to increase linearly at higher temperatures. With increasing pressure, the change of 
α with temperature becomes smaller. For a given temperature, α was found to decreases with increasing 
pressure. 

 
Figure 6: The heat capacity of SrTiO2H versus temperature at different pressures of 0.0, 16.0 and 28.0 GPa. 

 
Figure 7: Thermal expansion coefficient α versus temperature at different pressures of 0.0, 16.0 and 28.0 GPa. 

 

Conclusion 
In summary, we have investigated the structural, elastic and thermodynamic properties of SrTiO2H compound, 
using first principles calculations based on the full-potential linearized augmented-plane wave (FP-LAPW) 
method combined with Gibbs code.The study of thermodynamic properties shows that the volume presents a 
slight increase with increasing temperature and becomes stable for certain values of pressure. The heat capacity 
increases with temperature but its behavior does not change with pressure. The results of structural and elastic 
constants revealed that the SrTiO2H is stable in tetragonal structure.Electronic structures confirm that the band 
gap vanishes due to the conduction band minimum and slight Fermi level (EF). DOS analysis indicate that the s-
d hybridization between H-s and Ti-3d is a source of this metallic behavior. As a consequence, the 
semiconducting behavior of pure SrTiO3 was destroyed by hydrogen substitution and the SrTiO2H becomes 
metallic. Thus, this compound may be valuable for electrode, metallic transport and spintronic field application. 
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