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Abstract

SrThOz belong to stable perovskites family. Some theoretical works have been performed on this
compound. However, the pressure effect in the pressure range 0 to 30 GPa was never conducted.
This work highlights the importance of the hydrostatic compression on the lattice constant and
energy bandgap of the compound. Lattice parameter is found to decrease with increasing pressure.
SrThO3 comes out as a direct band gap material. We discussed the effect of pressure on the energy
band gap and got to know that overall energy band gap decreases as pressure increases. Finally,
we discussed the density of states of SrThOsand plotted it against energy.
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1. Introduction

Perovskite oxides are the compounds with the chemical formula of ABX3, where A and B are
cations and X is an anion. This compound was first discovered by Gustav Rose in 1839 in the
mountains of Russia. Its structure was first notably described by Victor Goldschmidt in 1926 [1].
Perovskite oxides are mostly of cubic structure as in BaTiO3 but also exist in other structures such
as hexagonal and tetragonal. The most common perovskite oxide compound contains oxygen as
an anion but there are few perovskites that contain elements other than oxygen [2].



Perovskite oxides show many interesting and unique properties. They have properties like colossal
resistance such as in (La,Sr)MnOs [3], fast ion conduction (Li*, O%) batteries and fuel cells [4],
mixed electronic conduction, oxidation reduction catalysts [5], ferroelectric and piezoelectric
property such as in BaTiOs [6] and superconductivity, charge ordering [7], spin dependent
transport, high thermopower [8] etc. They are used in the field of microelectronics and
telecommunication [9]. They are also used in photovoltaic cells [10]. They can also generate laser
light. LaAIO3 at 1080 nm can produce laser light when it is doped with neodymium [11].

The first synthesis of SrThOs by conventional solid route was reported in 1947 by Marie-Szabo
[12]. Recently Subasri et al., have noted the limited thorium oxide solubility in SrO and that the
formation of the pure ternary phase is not achieved [13]. On the other hand, the samples of SrThOs
are prepared correctly by a sol-gel technique followed by the combustion of gel [14-16]. The
properties of perovskites, such as strontium thorate SrThO3z, have attracted a lot of interest over
the last decade [13, 14, 16]. The values of the Gibbs energy of SrThO3z show that this compound
is meta-stable with respect to its constituent oxide (SrO and thorium), and therefore it is difficult
to eliminate the synthesis of strontium thorate. SrThOs is reported to be prepared by a conventional
solid state route, Purohit et al., [17] have studied the synthesis of nano-crystalline powders of
SrThOs by a gel combustion route. Though there is some experimental and theoretical work on the
compound, however any detailed data concerning the optical properties of SrThO3 is probably not
available in literature [18].

SrThOs was first prepared by Maric Szabo in 1947 [13]. Samples of SrThOz were prepared by sol-
gel method followed by combustion of gel [16]. Benaissa et al., [12] worked on the optoelectronic,
elastic and thermal properties of SrThOs. They calculated these properties using the full potential
lineralized augmented plane wave (FP-LAPW) method based on the density functional theory with
generalized gradient approximations GGA and low density approximations LDA. Shein et al., [19,
20] discussed the elastic and electronic properties and stability of SrThOs using FPLAPW.
Ghebouli et al., [21] worked on the structural, elastic and optoelectronic properties of SrThOz by
using the pseudo-potential plane wave (PP-PW) method. Prasad et al., [16] worked on the
thermodynamic studies of SrThOs. They determined the Gibbs energy of formation of SrThOs
using emf and monometric techniques. Ali et al., [15] worked on the thermodynamic stability of
solid SrThOs. They found the Gibbs energy of formation of SrThO3 by using the Knudsen effusion
forward collection technique.

In the present wok, pressure induced physical variations in the lattice constant and energy bandgap
of SrThO3 is studied. Interesting results reveals the importance of present work.

2. Computational details:

A very accurate all-electron scheme to solve these KS-equations is the full-potential linearized
augmented plane wave (FP-LAPW) method as corporate in the WIEN2k code [22]. One thousand
k-points are selected to integrate the Briullion zone. In the interstitial region of the unit cell the
states are dealt with the plane wave like orbitals while in the muffin tin region, atomic orbitals
multiplied by the spherical harmonics used to deal the core states. RKmax is selected to be seven.
Suitable Rmt are chosen for the muffin tin spheres such that charge leakage from the sphere was
not observed.

3. Results and discussion
3.1.Structural parameters

The unit cell of SrThO3 consists of three atoms. The atomic positions of SrThOs are: Sr (0.5,0.5,0),
Th(0,0.5,0.5), O(0.5,0,0.5). The study of structural parameters of a material is very important for



calculation of different properties. SrThOs is optimized and the structural parameters are
calculated. For optimization process we selected the unit cell volume for the input from previous
experimental work [12]. Then we varied the unit cell volume in the neighborhood of the
experimental volume. The variation was given in three steps (+10%, 0, -10%). In the optimization
process we first clicked on the x-optimize option and executed it. Then on edit optimize. Job, we
uncommented “xdstart”. Then we clicked on the run optimize. Job and the loop started. After
completion of loop we plotted energy versus volume curve. The calculated unit cell energy and
the unit cell volume (a.u)® data is fitted by using Birch-Murangan equation of state and shown in
figure 1. We can see from the plot that energy decreases to particular value of volume. This
particular volume is known as ground state volume and the energy is the ground state energy.
Beyond this volume the energy then increases. Table 1 below gives the experimental, theoretical
and present values of lattice constant, volume, bulk modulus, pressure derivative of bulk modulus
and energy. From the table we can see that the lattice constant we calculated which is 4.567 A is
comparable to the other theoretical value which is 4.5503 A [12] and to the experimental value
4.5426 A [12]. For volume we can see that our calculated value 642.829 A2 is comparable to the
theoretical value 627.183 A3, Our calculated value of bulk modulus which is 111 GPa is almost
agreed with the theoretical value 110.5 GPa. So overall our values are in good agreement with
experimental and theoretical values.
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Fig. 1. Optimization plot of SrThO3

Table 1: Shows present, experimental, theoretical values of different parameters

Parameters Present work Experimental Theoretical

Lattice constant (A) | 4.57 4542 4.42°, 4.43° 4.49°, 4.53°, 4.439 4,55

Vo 642.83 611.80¢, 627.18°




B(GPa) 111.25 117.67%,127.59°

BP 5.00 4.10¢, 3.65

Eo(Ry) -59885.20

a: Ref. [24]; b: Ref. [25]; c: Ref. [19]; d: Ref. [11]; e: Ref. [12]; f: Ref. [21];

Following is the plot of lattice constant at different pressures. We calculated lattice constants at
different pressure from volume calculated from Murangan equation. The Murangan equation for
volume is given as:

V(P) = Vo(1 + 2221/ B Eg. 1

B,
Where V, is the initial volume, B, is bulk modulus and B,’ is the derivative of bulk modulus
with respect to pressure.
Here B, = 109.58 GPa, V, = 642.69(a.u)® and B,’=5.0

We have applied different pressures and hence different volumes are achieved. From
volume we then calculated lattice constant by the following formula.

1
a = (Vo)3 * 0.5294706A

When
P =5GPa, V =617.63(a.u)® and a = 4.506 A
P =10 GPa, V =596.15(a.u)® and a = 4.45 A
P =15 GPa, V =579.04(a.u)® and a=4.41 A
P =20 GPa, V =564.52(a.u)® and a = 4.37 A
P =25 GPa, V =551.94(a.u)® and a=4.34 A
P =30 GPa, V =540.87(a.u)® and a = 4.3714

Figure 2 shows pressure versus lattice constants calculated from different values of volume
at different pressures. We can see clearly from the graph that with increasing pressure the value of
lattice constant decreases because as we increase pressure the atoms come closer and become
compact, hence lattice constant decreases. At the start it decreases rapidly as compared to later
because once the atoms become compact pressure has little effect on volume.



4]

Lattice constant (A )
-
in

4=
=

43

L | L | | . . | .
42
0 5 10 15 0 25 30

Pressure (GPa)

Fig. 2. Pressure versus lattice constant plot
3.2. Electronic properties

Solid material consists of two energy band regions. One is valence region that is the bands below
the Fermi level. The charge carriers are represented with negative energy in this region. The other
one is the conduction band region that lies above Fermi level. The charge carriers are represented
with positive energy in this region. These bands help us to differentiate whether a material is
conductor, insulator or a semiconductor. In conductor a minimum energy of 0.01eV is required for
the electrons to jump from valence band to conduction band and start conduction. For insulator
this energy is about 6eV which is very high because its outermost shell is completely filled.
Semiconductors have band gaps below 3 eV. Semiconductors are of two types, direct bandgap and
indirect band gap. In direct gap the minima of conduction band and the maxima of valence band
lie at the same symmetry point in the Brillion zone and in indirect they are not.

In our present work we calculated the band structure of SrThOs by mBJ method. In mBJ we used
five different methods to calculate band structure. We did these calculations at pressures 0 GPa, 5
GPa, 10 GPa, 15 GPa, 20 GPa, 25GPa and 30 GPa. Calculations at 0 GPa are given in the Table
2. From all these calculations we determine that SrThOs have direct band gap structure. Out of all
of these methods the band gap calculated from original mBJ method is in good agreement with the
other theoretical data [11, 24].

Following is the graph (Fig. 3-9) energy band gaps at different pressures. From overall view of the
graph we can see that as the pressures increases energy band gap decreases. This is due to the
decreasing bond length as the pressure is increased and unit cell volume of the compound
decreased. Also the energy bandgap remains direct in the studied pressure range. In Fig. 10, direct
energy bandgap versus pressure is plotted with all the methods utilized in this study as well as the
experimental/available results. The results show good agreement with the original mBJ method.
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Fig. 3. Electronic band structure at 0 GPa obtained from (a) original mBJ, (b) Koller et al.,
(c) Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods
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Fig. 4. Electronic band structure at 5 GPa obtained from (a) original mBJ, (b) Koller et al.,
(c) Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods
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Fig. 5. Electronic band structure at 10 GPa obtained from (a) original mBJ, (b) Koller et al.,
(c) Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods
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Fig. 6. Electronic band structure at 15 GPa obtained from (a) original mBJ, (b) Koller et al.,
(c) Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods
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Fig. 7. Electronic band structure at 20 GPa obtained from (a) original mBJ, (b) Koller et al.,
(c) Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods

Energy iV
EnemgleV

T

(a) (b) (©)

Fig. 8. Electronic band structure at 25 GPa obtained from (a) original mBJ, (b) Koller et al., (¢)
Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods




(d)
Fig. 9. Electronic band structure at 30 GPa obtained from (a) original mBJ, (b) Koller et al.,
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(c) Koller et al. upto 7 eV, (d) Becke and Johnson and (e) Jishi et al. methods.
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Fig. 10: Pressure versus energy band gap plot
Table 2. Band gap energy (in eV) at 0GPa
Original mBJ | Koller Koller et al., Becke and | Jishietal., | Other Theoretical
etal., second method Johnson values
4.23 441 4.88 2.81 6.29 4,232 2.25°
a: Ref. [12]
b: Ref. [24]

3.2.Density of states of SrThOs

Fig. 11 shows the density of states of SrThO3 at zero pressure. We can see from the graph that
there are three energy bands. The core band lies in the range -13.38eV to -11.51eV and is mainly




occupied by Th-p orbital. The band below the Fermi level starts from -3.50eV and ends at the
Fermi level. This band is mainly occupied by O-p orbital and very small contribution of Th-p and
Th-f orbitals. The band above the Fermi level which is the conduction band starts from 4.59eV and
it is mainly contributed by Th-f orbital and there is also contribution of Sr-d and O-p orbitals here.
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Fig. 11. Density of states of SrThOs at zero pressure

5. Conclusions

In summary we concluded the lattice parameter, electronic band structure and density of states of
cubic SrThO3 under different pressures. Lattice parameter is found to decrease with increasing
pressure. SrThO3z comes out as a direct band gap material. We discussed the effect of pressure on
the energy band gap and got to know that overall energy band gap decreases as pressure increases.
Finally, we discussed the density of states of SrThOzand plotted it against energy.
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