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ABSTRACT

The effect of pressure on the structural and electronic properties of the two binary compounds 
SrSe and SrTe have been investigated in the present work. The calculations were carried out 
with the CASTEP code which uses the density functional theory (DFT) based on the pseu-
dopotential and plane-wave (PW-PP) method. To evaluate the exchange and correlation en-
ergy, we used the generalized gradient approximation (GGA-PBE). Our results show that, at 
ambient conditions, the two studied compounds are more stable in the NaCl-type phase (B1). 
Under the effect of pressure, the two materials undergo a phase transition to crystallize in the 
CsCl-like structure (B2) at pressures equal to 16 GPa and 12.33 GPa for the compounds SrSe 
and SrTe, respectively. Analysis of the band structure under conditions of pressure and zero 
temperature shows that the two compounds are indirect semiconductors. Under the effect of 
pressure, our calculations predict that the two compounds change electronically to become 
metals at pressures greater than 46 GPa for SrSe and 13 GPa for SrTe. To give a quantitative 
description of the variation of the structural and electronic parameters of the two structures 
with the pressure, we extracted the parametric functions of these parameters as a function 
of the pressure. Our results are presented and compared with a different experimental and 
theoretical works.
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INTRODUCTION

II-VI semiconductors, commonly known as alka-
line-earth chalcogenides, have become the subject of study 
in several experimental and theoretical research studies 
in recent decades [1-5]. Historically, strontium chalco-
genides SrX (X=O, S, Se Te) emerged in the late 1970’s. 
The research of Ellervee (1977), Asano et al. (1978, 1983), 
Asano and Yamashita (1981, 1983), Yamashita et al. (1984), 
and Baby and Nampoori (1992) is considered to be one of 
the pioneering works. These studies primarily focused on 
the structural features of all these materials [6-8]. In 1985, 
Zimmer et al. experimentally investigated the effect of pres-
sure on the structural properties of the SrTe compound [9]. 
In 1994, Luo et al. estimated an upper limit of about 55 
GPa for the metallization of the SrSe compound [10]. The 
optical and chemical properties of some chalcogenides had 
been studied by Kaneko et al. in 1982. Then, in 1988, from 
a study on the optical properties of high-quality monocrys-
tals, Kaneko et al. estimated a direct gap of 4.47 eV and an 
indirect gap of 3.81eV for SrSe [11-12].

The both compounds SrSe and SrTe possess various 
functional properties which can be exploited in optoelec-
tronic and spintronic devices, namely in long wavelength 
imaging applications of infrared diode lasers or photo-
voltaic energy converters [3]. These componds are used 
as potential components in several technological devices 
such as medical diagnostics, industrial process control and 
air pollution monitoring [4,13]. Additionally, these com-
pounds have been successfully used in infrared sensors, in 
light emitting devices and as infrared lasers in optical fibers, 
as thermoelectric materials, in solar panels, and in window 
coverings [5,14]. Generally, the binary compounds based 
on strontium such as SrSe and SrTe crystallize in the NaCl 
phase at zero pressure and temperature conditions. Under 
the effect of a hydrostatic pressure of about 14.2 GPa (12 
GPa) for SrS (SrTe), a transition to the CsCl phase had been 
observed experimentally [10]. However, despite the abun-
dant literature discussing the effect of hydrostatic pressure 
on the properties of these materials, very little is known 
about the evolution of structural and electronic properties 
as function of the pressure applied. In previous works, it 
was been found that the occurrence of the pressure-induced 
metallization is intimately linked to a structural phase tran-
sition [15]. Because of the deficiency of information on 
such an important topic, we theoretical study the evolution 
of the structural and electronic properties under pressure of 
the two compounds SrSe and SrTe in the two phases NaCl 
and CsCl. In addition, we want to know the behavior of 
the different electronic properties such as the energy band 
pap with respect to the phase change B1 -B2 and B2-metal. 
The pressure-induced manipulation of the transport prop-
erties of the two studied materials possibly will deliver 
crucial information towards there practical applications. 
Accordingly, the objective of this work is to achieve a better 
understanding of the structural and electronic properties of 

SrX (X=Se, Te) under pressure and their phase transition. 
Moreover, we search for optimize the value of the pressure 
PM with which, the two semiconductors become metals.

CALCULATION DETAILS

First-principles calculations were performed within the 
context of the generalised gradient approximation (GGA) 
as implemented in the CASTEP code [16] and the pseu-
dopotential and plane-wave approach (PP_PW) of density 
functional theory (DFT) [17]. The exchange–correlation 
energy was treated using the generalized gradient approx-
imation (GGA) and the Perdew–Burke–Ernzerhof func-
tional (PBE) [18]. The pseudo-potential of Vanderbilt-type 
ultra-soft was used to compute the potential seen by the 
valence electrons [19]. The choice of this potential allows 
to have the following valence configurations: (4s24p65s2) 
for the Sr, (4s24p4) for the Se and (5s25p4) for the Te. Self-
consistent calculations are considered to be converged 
when the total energy of the system is minimal [20]. Thus, 
we have chosen the following convergence tolerance crite-
ria: a total energy difference less than 10-6 eV/atom, a max-
imum ionic strength of Hellmann-Feynman of 0.01 eV/Å, 
and a maximum displacement of 5 x 10-4 Å [21]. 

In an ab-initio calculation, it is necessary to test the con-
vergence of the results with respect to the cut-off energy 
(Ecut) and the K-points mesh configuration in the first 
Brillouin zone (1BZ). According to the results presented 
in Figures 1 and 2, a good convergence is obtained for a 
plane-wave energy of Ecut-off values ​​of 700 eV and 8 x 8 x 
8K- points mesh configuration.

PHYSICAL PROPERTIES OF SRSE AND SRTE 
COMPOUNDS AT ZERO PRESSURE

Structural Properties
The SrSe and SrTe compounds crystalize in the cubic 

structure in the two phases B1 of the space group Fm3−m 
(N°.225) and B2 of the space group Pm3−m (N°.221). In B1 
phase (NaCl structure), the conventional unit cell has 4 
atoms which occupy the Sr the positions (0,0,0); (0.5, 0.5, 
0); (0.5, 0, 0.5); (0, 0.5, 0.5) and X element (X=Se, Te) (0.5, 
0.5, 0.5); (0.5, 0, 0); (0, 0.5, 0) (0, 0, 0.5). In the second B2 
phase (CsCl structure) the atoms in each unit cell are two 
atoms which occupy the positions Sr (0, 0, 0) and X (0.5, 
0.5, 0.5). The conventional unit cells of B1 and B2 phases 
are illustrated in Figure 3.

To begin the geometric optimization of the studied 
compounds, we used the structural parameters obtained 
experimentally from the references [22-23]. The results 
of optimization of the lattice parameter a and the unit cell 
volume V at zero pressure are collected in Table 1 which 
also contains results of others calculations as well as exper-
imental references. Our results for SrSe (SrTe) compound 
show a difference from experimental data less than 0.38% 
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Figure 3. Crystal structure of compound SrX (X = Se, Te), (a) phase B1(NaCl), (b) phase B2(CsCl).

Figure 2. Convergence curve of the total energy for SrS (B1) and SrTe (B1) with respect to the k-point mesh in 1BZ.

Figure 1. Convergence curve for total energy for SrS (B1) and SrTe(B1) in relation to cut-off energy.
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and 1.19% (0.88% and 2.68%) for the lattice parameter a 
and the cell volume V respectively. According to the criteria 
reported on the DFT (GGA) results given in reference [24], 
our results show good agreement with those given in exper-
iments, which makes our following results more justified.

One of the basic methods for examining valence charge 
distributions and the types of chemical bonds that exist 
between the constituent atoms of a compound is the use of 
valence electronic charge density contour plots. From our 
calculations of the Mulliken population, we were able to 
determine the length and the nature of the Sr-X bond (X = 
Se, Te). According to the values in Table 1, One of the basic 
methods for examining valence charge distributions and the 
types of chemical bonds that exist between the constituent 
atoms of a compound is the use of valence electronic charge 
density contour plots. To qualitatively illustrate the nature 
of the bond between close neighbors, we have plotted, in 
figure 4, the two-dimensional charge density projected on 
the lattice planes (101) and (110) for SrSe and SrTe, respec-
tively. We notice that an almost spherical charge density 
surrounds the two atoms Sr and Se. In the common region 

between the two atoms Sr and Se shows a weak charge dis-
tribution, indicating the existence of a very weak covalent 
bond. With a slight variation in specifics, the SrTe molecule 
exhibits the identical effect.

Band Structures
We investigated the band structures of the two binary 

compounds SrSe and SrTe in the NaCl phase using the GGA 
approximation, with optimized lattice parameters. We have 
calculated the band structures for both SrSe and SrTe com-
pounds and the results are plotted in Figure 5. The valence 
and the conduction bands are separated by a narrow zone 
of 2.30 eV for SrSe and 1.75 eV for SrTe. Additionally, it 
is noted that in both cases, the valence band maximum is 
at the point of high symmetry, or Γ, while the conduction 
band minimum is at point X. As a result, the two com-
pounds are indirect gap semiconductors of type (Γ– X). 
Table 2 contains the different values ​​of the gap calculated 
for the two structures, with the experimental and theoreti-
cal data available in the literature. It is well known that the 
theoretical gaps obtained by the GGA are approximately 

 

Figure 4. Contour plots of the charge density calculated with the GGA-PBE approximation for the two compounds, at zero 
pressure: (a) SrSe projected on (101), (b) SrTe projected on (110).

Table 1. Optimized cell volume V, lattice parameters a and the inter-atomic distances d for the SrSe and SrTe at zero pres-
sure in phase B1

 SrSe  SrTe

a (Å) V(Å3) Sr-Se bond a (Å) V(Å3) Sr-Te bond
Our results 6,254 244,60 3.127 6,719 303,33 3.360
Experimental data 6.234(1) 242,27 (1) 3.118(1) 6.659(2) 295,28(2) 3.330(2)

Other (theoretical) 6.29(3) 250,40(3) 3.870(3) 6.71(3) 302.11(3) 3.114(3)

6.307(4) 250,88(4) 3.12(8) 6.572(5) 283.85(5) 3.24 (8)

6.300(6) 250,047(6) - 6.718(6) 303 19(6) -
6.205(7) 238.90(7) - 6.613(7) 289.19(7) -

 D (%) 0.32 0.96 0. 29 0.90 2.73 0.9
(1)Ref :[10] ; (2)Ref :[9] ; (3)Ref :[23] ; (4)Ref :[3] ; (5)Ref: [25] ; (6)Ref: [13] ; (7)Ref: [14] ; (8)Ref: [26]
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underestimated by 30% [24]. In the case of the two com-
pounds studied, the values ​​obtained by our calculations are 
lower than those given experimentally by approximately 
39.5% and 39.6% for SrSe and SrTe, respectively. By com-
paring our results with the theoretical ones given in Table 
2, we see an improvement in the value of the gap for SrSe.

Density of States (DOS)
We examined the total and partial density of states 

(TDOS and PDOS) for SrSe and SrTe compounds at zero 
pressure in order to verify the contribution of each atomic 
band inside the top of the valence band and the bottom of 
the conduction band. The origin of energies is generally 

fixed at the Fermi level. The TDOS and PDOS for the two 
compounds are showed in Figure 6. The TDOS and the 
PDOS of the two materials SrSe and SrTe are similar with 
some differences in the details. Moreover, it can be seen that 
the TDOS can be divided into four distinct regions with 
respect to the energy for the two compounds. The first area 
is located between -20 eV and - 15 eV. This area is due to 
the contribution of the p-states of the Sr and Se atoms to 
the SrSe compound and only the p-orbitals of the Sr atom 
in the SrTe compound. The second area is located between 
-8 eV and -12 eV. This area is dominated by the d-orbitals of 
the Se (Te) atoms for SrSe (SrTe) compounds. The follow-
ing area is between -3.5 eV and the Fermi level at 0 eV. This 

Figure 5. Band structures of the SrSe and SrTe compounds under ambient conditions. The basic band gap is shown by the 
darkened area.

Table 2. The direct (Г- Г) and indirect (Г-X) gaps energy (eV) of SrSe and SrTe in phase B1 at zero pressure

Gap direct ( Г- Г) Gap indirect (Г-X)

Our results Experimental Other (theoretical) Our results Experimental Other (theoretical)
SrSe 3.034 4.52(1,2) 2.86(3) 2.30 3.81(1,2) 2.13(3)

3.119(3) 2.137(4)

2.862(7) 2.216(3)

2.911(8) 2.232(7)

- 3.377(8)

SrTe 2.73  3.6(1) 2.93(3) 1.75 2.9(3) 1.64(3)

2.7173(5) 3.813(6) 1.542(4)

2.740(7) 1.7747(5)

2.144(8) 1.760 (7)

- 2.665(8)

(1) Ref:[27]; (2) Ref: [28]; (3) Ref:[25]; (4) Ref:[29]; (5) Ref:[30]; (6) Ref:[11]; (7) Ref:[13]; (8) Ref:[14]
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area is mainly due the p-orbitals for both Se and Te atoms, 
with a very small contribution from the s-orbitals of the Sr 
atom. The last area is between the Fermi level at 0 eV and 
15.00 eV. For both compounds, this area is mostly derived 
from the d-orbitals of the Sr atom, with a little contribution 
from the s-orbital of the Sr atom. We note that the energy 
gap of the two compounds is located between a maximum 
energy of the valence band formed of the p-Sr states for the 
SrSe compound and of the p-Te states for the SrTe com-
pound and a minimum of energy which essentially comes 
from the d-states of the Se atom for the two materials. The 
same behavior of total and partial density of state has been 
reported in previous works [3, 22, 25].

PHYSICAL PROPERTIES OF SRSE AND SRTE AS 
FUNCTION OF PRESSURE 

Structural Properties
We investigate the structural characteristics under 

ambient and high-pressure settings in order to gain a 
microscopic understanding of the material properties. A 
solid undergoes a phase transition, or change in volume 
and symmetry, when hydrostatic pressure is applied to it. 
When a phase becomes unstable under specific thermody-
namic circumstances, a phase transition occurs. The most 
stable phase corresponds, at zero temperature, to a mini-
mum of the total energy, Gibbs energy G = E + PV –TS 
where S denotes the entropy, or the enthalpy H=E+PV. 

The internal energy will change throughout this transition, 
resulting in changes to the equilibrium parameters, includ-
ing the lattice parameter a. In our simulations, we deter-
mine the structural stability of the two examined phases 
and the phase transition pressure, as the following: (i) we 
consider a two-phase system; B1 structure of NaCl type and 
B2 structure of CsCl type. (ii) First, we find the lowest of 
the total energy, Gibbs energy G, or enthalpy H for each 
value of the hydrostatic pressure P. The fact that the phase 
with the lowest enthalpy or Gibbs energy under typical cir-
cumstances will be the most stable phase justifies finding 
the minimum. Then we calculate the new value of lattice 
parameter corresponding to pressure P. (iii) The pressure 
value at which the two enthalpies of the two phases, B1 
and B2, are equal is known as the transition pressure (Pt). 
In Figure 7 we plot the variation of enthalpy as a function 
of hydrostatic pressure. The most stable structure at zero 
pressure corresponds to phase B1 (NaCl). The transition to 
phase B2 (CsCl) takes place at a transition pressure Pt of the 
order of 16 GPa for SrSe and 12.33 GPa for SrTe. 

In Table 3, we compare our obtained transition pres-
sure with other theoretical [23] and experimental [9-10] 
data. We note that for the SrSe compound, the Pt value for 
pressure is greater than the values obtained experimentally 
[10], by M. Souadkia using the Hartwigsen–Goedecker–
Hutter pseudopotential [23], and by R. Kheneta using the 
full-potential linearized augmented plane wave technique 
(FP-LAPW) [22]. On the other hand, for the case of the 
SrTe compound, we found a value of the transition pressure 

Figure 6. Projected and total density of states for the two compounds SrSe and SrTe in phase B1 at 0 GPa.
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compared to other theoretical [20, 23] and experimental 
work [9, 10]. It’s also noteworthy to see that when the chal-
cogen’s atomic number increases from Se to Sr, the com-
puted transition pressure lowers. 

There is good agreement between these values and pre-
vious theoretical studies as well as experimental results.

Plotting the two compounds’ variations in volume V 
and lattice parameter a versus hydrostatic pressure between 
0 and 30 GPa is done. Figure 8 shows that for both materi-
als and both phases, the lattice parameter falls as pressure 
increases. Thus, for the four cases under study, this is fol-
lowed with a decrease in volume. We plot the two param-
eters, a and V, as a function of pressure P (see Figure 8) 
to get a quantitative description of their change. Next, we 
identify a quadratic least squares fitting function that has 
the following form:

	 	 (1)

	 	 (2)

Table 4 displays the values of the linear and quadratic 
coefficients for the lattice parameters for SrSe and SrTe as a 
function of pressure. 

In order to quantitatively study the phase transition 
behavior of the two compounds under scrutiny, we plot the 
relative variations of the lattice parameters a/a0 and of the 
volume V/V0 as a function of the pressure, see Figure 9. 

The parameters a0 and V0 are the values of the lattice 
parameter and of the unit cell volume at zero pressure, 
successively. The results of the linear fit of these graphs are 
listed in Table 5. 

From these data, we observe a decrease of the lattice 
parameter for both compounds SrSe and SrTe in each 
phase. In the same compound, it is noticed that the varia-
tion of the lattice parameter a in phase B1 is faster than that 
of phase B2.

Electronic Properties
In this part, we examine how pressure acting in a range 

of 0 to 30 GPa affects the electronic characteristics of the 
binary semiconductor compounds SrSe and SrTe.

In order to ensure phase B2 stability, it is important to 
investigate the electronic structure of materials under the 
influence of hydrostatic pressure. The band structures com-
puted for the two compounds, SrSe and SrTe, under pres-
sures of 16.5 GPa and 12.5 GPa, respectively, are shown in 
Figure 10. 

Table 3. Transition pressure (in GPa) of the two com-
pounds SrSe and SrTe calculated (Cal.) In comparison with 
other work (others)

Transition Pt

B1 → B2 Cal Exp Others ΔP %
SrSe 16 14(1) 13.6(3) 14.28

15.55(4)

14.5(5)

SrTe 12.33 12.0(1) 12.3(3) 2.75
12.0(2) 13.24(6) -

(1)Ref :[10] ; (2)Ref : [9] ; (3)Ref :[23] , (4)Ref :[3] , (5)Ref :[22] (6)Ref:[20]

Figure 7. Enthalpy variation as function of pressure for the two compounds SrSe and SrTe.
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We see that for the SrSe, the gap’s nature is still indirect. 
On the other hand, when pressure increases, the SrTe com-
pound’s gap grows indirect. Other cubic structures, such as 
binary CaX compounds (where X = S, Se, or Te), have also 
shown this behavior [31–32].

We looked at the gap energies at the selected high 
symmetry sites as a function of pressure in order to 
investigate the impact of pressure on the gap energy and 
the location of the conduction band minimum of the 
compounds SrSe and SrTe. The relationship between the 
gap energy and each compound’s hydrostatic pressure 
during the two stages is shown in Figure 11. The graphs 
demonstrate how, for both compounds in the two phases, 

Table 5. The coefficients of the linear fit polynomial of the 
relative variation of the lattice and volume parameters, re-
spectively, as functions of the pressure

Phase B1 Phase B2

X0 X1 X0 X1
SrSe
a/a0 0.99 -0.004 1.03 -0.002
V/V0 0.98 -0.012 1.11 -0.007
SrTe
a/a0 0.99 -0.006 1.03 -0.002
V/V0 0.99 -0.014 1.08 -0.007

Table 4. Quadratic fitting coefficients for the lattice parameters a and cell volume V as functions of the pressure of the two 
compounds SrSe and SrTe in the two phases B1 and B2

Phase(B1) Phase(B2)

x0 x1 x2 x0 x1 x2

y0 y1 y2 y0 y1 y2
SrSe
a (Å) 6.2459±0.01 -0.0413±0.002 0.00046±1 3.7472±0.007 -0.0165±7.78 0.00016±1
V (Å 3) 60.9926±0.2 -1.1322±0.05 0.0216±0.002 52.3100±0.32 -0.6434±0.03 0.0069±7.65
SrTe
a (Å) 6.7144±0.009 -0.0567±0.002 0.0012±1.61 3.7575±0.009 -0.0175±5.45 1.8537±1.4
V (Å 3) 61.0880±0.19 -1.1998±0.05 0.0266±0.003 52.8159±0.21 -0.6920±0.02 0.0080±6.48

Figure 8. Lattice parameter a and cell volume V as function of the pressure for the SrSe and the SrTe in the two phases. The 
red line represents the quadratic fit functions of the variation of these parameters with pressure.
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the gap value falls as hydrostatic pressure increases. To 
parameterize the function which gives the variation of 
the gap Eg with the pressure, we consider the following 
quadratic form:

	 	 (3)

The parameters of the quadratic fit of the function a, b, 
and c are given in Table 6. At the phase change point the gap 

Figure 9. Fitting of the relative variation of the lattice and volume parameters as functions of the pressure for SrSe and SrTe.

Figure 10. Band structure of SrSe and SrTe at pressures 16.5 GPa and 12.5 GPa.
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undergoes a sudden variation at 0.78eV for the SrSe and 
1eV for the SrTe.

The values ​​of ∆Eg=Eg-Eg0, with Eg0 denoting the energy 
gap at zero pressure, are of the order of 1eV which is a nota-
ble change. This result is very important in practice, since a 
value of 1eV is easily detectable by experiment. As a result, 
a novel approach to computing the phase transition pres-
sure based on the measurement of gap energy fluctuation 
may be proposed.

Metallization Effect
From the gap energy evolution as function of the pres-

sure for SrSe and SrTe compounds in phase B2 (Fig. 12), the 
band structures of the two compounds, SrSe and SrTe, have 
been displayed at pressures of 64 and 13 GPa, respectively. 
(Fig. 12). Since the valence band and the conduction band 
overlap (the gap energy eventually drops to 0 eV), it is evi-
dent from the two band structures that the two compounds 
acquire a metallic nature.

Figure 11. Evolution of the gap energy as function of pressure for SrSe and SrTe.

Figure 12. Band structure of SrSe and SrTe at metallic pressures 46 GPa and 13 GPa respective.

Table 6. Quadratic fitting coefficients for the gap energy as function of pressure for SrSe and SrTe in phases B1 and B2

Phase(B1) Phase(B2)

A b C A B c
SrSe 2,290± 0,003 -(430,0±5,2) E-4 (27,0±1,6)E-5 1,520± 0,006 -(40,0±6,2)E-4 (21,0±1,2)E-5
SrTe 1,730± 0,008 -(60± 1) E-3 (54,0±4,1)E-5 0,450± 0,002 -0,040± 0,001 (61,0±9,1)E-5
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In this case the two semiconductor materials become 
metals. The pressure that corresponds to this change is 
called metallization pressure. Table 7 is a list of the metal-
lization pressure values that were computed in this work. 
Our model of the heavy alkaline earth chalcogenides is 
compared to previous existing theoretical and empirical 
models. We have reasonable agreement between our values 
for the metallization pressure. 

CONCLUSIONS

In this study, we investigated theoretically how pres-
sure affects the structural and electrical characteristics of 
semiconductors from the SrSe and SrTe family of strontium 
chalcogenides. The DFT approach, together with the gener-
alized gradient approximation (GGA) and the pseudo-po-
tential and plane wave method (PP_PW), have been used 
to conduct the computations. The simulations had been 
implemented with the CASTEP code.

We find good agreement between the experimental data 
reported in the literature and our estimated lattice parameters 
of the cubic structure a and the volume V in the two phases 
B1 (NaCl) and B2 (CsCl) of the two compounds. We discov-
ered that these compounds experience phase transitions at 
hydrostatic pressure of around 16 GPa for SrSe and 12.33 
GPa for SrTe. An indirect gap exists in the Γ-X direction, 
according to analysis of the band structure at zero pressure. 
We investigated how pressure affected the two compounds’ 
physical characteristics throughout phases B1 and B2. The 
obtained results unambiguously demonstrate that, in con-
trast to the gap’s nearly linear reduction with pressure, the lat-
tice parameter fluctuates quadratically. Additionally, we have 
discovered that the SrTe compound gap becomes direct, but 
the SrSe gap remains indirect. Phase B2 turns metallic (zero 
gap) at pressures over 46 GPa for SrSe and 13 GPa for SrTe. 
Our results have greater credibility since they are in good 
accord with several theoretical and experimental works, as 
demonstrated by the results reported in this study.
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