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ABSTRACT
Gibbs script within the all-electron full potential linearized augmented plane
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wave (FP-LAPW) method has been used to calculate pressure-induced phase
transition at zero temperature for selected phases. The calculation exhibits
that CdSe is stable at wurtzite phase whereas CdSey7sTeg2s, CdSegsTegs,
CdSepysTep7s and CdTe are stable at cubic phase. This prediction is
consistent with experimental work of Schenk and Silber at T< 800 °C except
for CdSeq75Teg2s. We found that increasing the Te content for both phases
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of ternary CdSe;_,Te, alloys decreases the optimized energy and bulk modu- structure
lus, hence leads to decrease hardness, while it increases the optimized vol-
ume. The density functional theory (DFT) calculation within generalized
gradient approximation (PBE-GGA) and the two-dimensional search of equa-
tion of state for wurtzite phase predict a possible pressure-induced phase
transition from cubic to wurtzite phase for the ternary CdSegsTegs,
CdSeq75Tegos and CdTe at pressures of about 13.6, 1.9 and 10.6 (GPa) with
corresponding volume collapses at the phase-transition boundary of
about 181.115 and 180.525, 203.839 and 203.485 and 203.337 and 202.692
(bohr®/atom), respectively. However, one-dimensional search of equation of
state for wurtzite phases predicts a possible pressure-induced phase transi-
tion at pressures 14.5, 1.9 and 11.4 for CdSeqsTeys, CdSeq75Teq,s and CdTe,
respectively.

PACS
71.15.Mb; 71.20.-b

1. Introduction

From past to present years, binary and ternary cadmium chalcogenides have attracted special atten-
tion for their applications in y-ray detectors, infrared windows, solar cells and other optoelectronic
devices [1-12]. Several researches have extensively investigated the structural, electronic, optical and
thermodynamic properties of cadmium chalcogenides [7,10-13]. However, very few new theoretical
results on CdSe, ,Te,/CdSe,Te,_, alloys [14-16] are reported. Ternary cadmium-
selenide-telluride is a promising candidate for numerous applications [16,17,12], especially for a
photovoltaic cell for which the ideal band gap is 1.4 eV [17]. The effect of various tellurium contents
plays a principal role in fabricating novel materials with adjustable structural, electronic, optical and
magnetic properties. Researchers have, therefore, found that the band gap of CdSe,Te,_, thin film is
between 1.3 and 1.7 eV. This band gap can be adjusted by changing the x value to gain the ideal
band gap (1.4 eV) for solar cell applications [17].
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The principal requirements for a good thin film photoelectrode to design high-efficiency photo-
electrochemical cells using CdSe,_,Te, alloys were extensively investigated [18]. Several researchers
have studied thin film of cadmium chalcogenide extensively [12] using different techniques such as
glassy system [8], electrodeposition method [19] and molecular beam epitaxial [20]. Ravichandran
et al. [21], by using the electro-deposition method with varying doping concentrations of Te, studied
the photoconductivity of CdSe;_,Te, thin films at room temperature as a function of applied dec-
electric field, wavelength and intensity of incident light. They established that increasing the Te con-
tent leads to decreasing the energy band gap of CdSe;_,Te,. Muthukumarasamy et al. [22] have
investigated the structural phase transformation and optical band gap bowing in hot wall-deposited
CdSe,Te,_, thin films. They reported the band gap of 1.45 eV for CdSe,¢Tey 4 thin film which is
very close to the ideal band gap (1.4 eV) for solar cell applications. A density functional theory
(DFT) investigation was carried out for CdS,_,Se, and CdS,_,Te, alloys with x vary between 0.0
and 1.0 (step of 0.5), resulting in an energy band gap reduction when one moves from 0.0 to 1.0
[23]. Since CdSe;_,Te, is a ternary alloy consisting of CdSe (wurtzite structure) and CdTe with
zinc-blende structure, it is expected a phase transition in the crystal structure of CdSe;_,Te, occurs
when we vary Se or Te composition. This behavior motivates several researcher to study the struc-
tural phase transformation of this ternary alloys for different values of Se or Te composition. Schenk
and Silber [24] found that there are two phases for CdSe,Te,_, alloys. The first one is cubic in the
composition range of 0<Xc4s.<0.45 and the second one is hexagonal phase in the range of
0.65<Xcdse<1.0. Uthanna and Jayarama Reddy [25], Mangalhara et al. [26] and Islam et al. [27]
found that CdSe,Te;_, (0 < x < 1) ternary thin films, independent of composition, are zinc-blende
(cubic phase). The new work of Shinde et al. [11] revealed that CdSe, ¢Tey 4 thin films exhibit hexag-
onal crystal structure in nature, using X-ray diffraction study. Recently, Reshak et al. [17] studied the
lattice parameters and ground state of bulk CdSe;_,Te, alloys with increasing Te content for two
phases, i.e. cubic and hexagonal by using one-dimensional (1D) search of equation of state (EOS)
for hexagonal phase, i.e. changes in the volume at constant c/a ratio which may play as a source of
error because hexagonal phases have two degrees of freedom (changes in the volume and c¢/a ratio)
for finding EOS. On the other hand, there are very few studies [28-35] on the structural phase tran-
sition in ternary semiconductor alloys. The above works motivated us to put two questions:
(1) ‘what is the pressure of phase-induced transition for CdSe, _,Te, ternary alloys from hexagonal
to cubic phase?’, (2) ‘which phase is the most stable?’, and try to answer them. We hope that, our
results provide a useful reference for future experimental works and theoretical studies. In the phase
transition, the crossover from a small gap semiconductor to a metallic state could occur such as in
the case of ZnSe, Te,_, alloys [34]. To answer these questions, our goal can be formulated as follows:
(1) we studied the ground-state properties and the pressure of phase-induced transition for two
phases of bulk CdSe;_,Te, ternary alloys with increasing Te content at 0 K excluding the effects of
temperature, substrate, etc., and our results were compared with available experimental data, (2) we
used the full potential linear augmented plane wave plus local orbital (FP-LAPW+lo) [36-38]
method using two-dimensional search of EOS (not 1D-search of EOS) for finding EOS for hexago-
nal phase using 2DRoptimize package [39]. The effect of 2D-search of EOS is found to be important
for accurate results [40]. The FP-LAPW-+lo has proven to be one of the accurate methods for the
computation of the electronic structure of solids within DFT [41-44]. The organization of this arti-
cle is as follows. In Section 1, we briefly describe introduction. Section 2 contains the method of cal-
culations and computational details. In Section 3, we provide our results (structural properties and
phase transition as stable phase) and compare them with available theoretical and experimental
data. Finally, in Section 4, our conclusion is given.

2. Method of calculations

The basic method to calculate pressure-induced phase transition at zero temperature (T = 0)
is to calculate difference of Gibbs-free-energy for selected phases at the same pressure grid. As
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G=E+ PV —TSat T # 0, therefore, G = E + PV at T = 0. That means we have to calculate the
energy (E) and volume (V) at any pressure (P) for the two phases. For this purpose, at the first step,
we evaluate the equation of state using Murnaghan equation (see the following equation) by using
the calculated total energy as a function of volume changes (1D-search) for cubic phase, while for
the hexagonal phase, the calculated total energy as a function of volume and ¢/a changes (2D-search)

is used.
5
EV)=E+ 201y L (Ve o
B B —1\V B -1

Using the parameters obtained (E, — optimized energy, V,, - optimized volume, B — bulk modulus,
B’ - derivative of bulk modulus) from the Murnaghan equation, we can find the volume and energy
at the selected pressure and hence the Gibbs-free-energy can be obtained.

v(p) = vo{lw(i)}j,
wn=r ) )

Therefore, we can calculate the difference of Gibbs-free-energy (AG) for both phases on the same
pressure grid. These calculations were performed using 2DRoptimize package [39] and Gibbs script
within WIEN2k package [38]. More details about two-dimensional search of EOS for hexagonal
compounds are available in our previous works [40,43]. The WIEN2k is an ab initio full potential
linearized augmented plane wave (FP-LAPW) plus local orbital method for calculating the elec-
tronic and structural properties of materials based on DFT. In this procedure, the unit cell volume is
divided into the non-overlapping atomic spheres around each atom with Muffin-tin radius (R,)
and the remaining is the interstitial area. In the atomic spheres, the wave-functions are expanded
into atomic orbitals and the maximum angular momentum of this basis function is set to Iy, = 10,
while in the interstitial region, a plane-wave basis set is used and the convergence of this basis set is
checked by a cutoff parameter R, K.y = 9, where R, is the smallest atomic sphere radius in the
unit cell. For these calculations, we have used 2000 k-points in the full Brillouin zone. Optimizing
the atomic positions is done until forces drop at about 1 (mRy/bohr) during calculations. To treat
the exchange-correlation functional, we have used the Perdew-Burke-Ernzerhof parametrization of
the generalized gradient approximation (PBE-GGA) [45]. We would like to highlight that using the
new package 2DRoptimize, the switches 7 or 8 and 5 in the WIEN2k package have been used for the
volume and ¢/a changes, respectively. This means that for finding EOS for hexagonal phase, we have
done at least 35 or 40 self-consistent calculations. For modeling the CdSe; _,Te, (x = 0.0, 0.25, 0.5,
0.75, 1.0) alloys, we have used the ‘special quasirandom structures’ (SQS) approach of Zunger et al.
[46] to reproduce the randomness of the alloys for the first few shells around a given site. This
approach is reasonably sufficient to describe the alloys with respect to many physical properties that
are not affected by the errors introduced using the concept of the periodicity beyond the first few
shells. Therefore, for modeling the atomic positions for different compositions (x = 0.25, 0.5, 0.75)
for both phases, we have started from CdSe structure. Then, using supercell method (for hexagonal
phase, we made a 1 x 1 x 2 supercell) or changing (for cubic phase), if symmetry permits, lattice
type of our structure into P-type (primitive) conventional supercell, which allows to increase the
number of atoms in this supercell (i.e. P-type) and replacing Se atom by Te atom, we could model
different compositions. In Table 1, we have listed the atomic position of different compositions
along with space group number.
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Table 1. All of atomic positions of nonequivalent atoms as fraction of unit cell parameters for dif-
ferent compositions.

Atomic positions Space group number Compounds

Cd(1/3,2/3,0.5) 186 CdSe
Se(1/3,2/3,0.875)

Cd1(0,0,0.8125)

Cd2(1/3,2/3,0.5625)

(Cd3(0,0,0.3125)

Cd4(1/3,2/3,0.0625) 156 CdSeq.75Tegs
Te(0,0,0)

Se1(0,0,0.5)

Se2(1/3,2/3,0.75)

Se3(1/3,2/3,0.25)

Cd1(0,0,0.625)

Cd2(1/3,2/3,0.125)

Se(0,0,0) 156 CdSegsTegs
Te(1/3,2/3,0.5)

Cd1(0,0,0.8125)

Cd2(1/3,2/3,0.5625)

Cd3(0,0,0.3125)

Cd4(1/3,2/3,0.0625) 156 CdSeq»5Teg s
Se(0,0,0)

Te1(0,0,0.5)

Te2(1/3,2/3,0.75)

Te3(1/3,2/3,0.25)

Cd(1/3,2/3,0.5) 186 CdTe
Te(1/3,2/3,0.875)

Cd(0,0,0) 216 CdSe
Se(0.25,0.25,0.25)

Cd(0.75,0.25,0.25)

Te(0,0,0) 215 CdSeq 75Teq 25
Se(0,0.5,0.5)

Cd1(0,0,0)

Cd2(0.5,0.5,0)

Cd3(0.5,0,0.5)

Cd4(0,0.5,0.5)

Te1(0.75,0.75,0.25) 1 CdSeysTeg s
Te2(0.25,0.75,0.75)

Se1(0.25,0.25,0.25)

$e2(0.75,0.25,0.75)

Cd(0.75,0.25,0.25)

Te(0,0.5,0.5) 215 CdSeg2sTeq 75
Se(0,0,0)

Cd(0,0,0) 216 CdTe
Te(0.25,0.25,0.25)

Bold and non-bold fonts are for cubic and hexagonal phases, respectively.

3. Results and discussion
3.1. Structural properties

Our goal is to calculate the difference (AG = 0) of Gibbs-free-energy (G = E + PV) for selected
phases at the same pressure grid in order to obtain the pressure-induced phase transition at zero
temperature (T = 0) using the calculated total energy and volume at the same pressure grid using
the parameters (Ey, V,, B, B') obtained from the Murnaghan equation by 1D-search (volume
changes) and 2D-search (volume and c/a changes) of EOS for cubic and hexagonal phases, respec-
tively. Therefore, at the first step, we need to investigate the ground-state properties of CdSe;_,Te,
(x=10.0,0.25, 0.5, 0.75, 1.0) ternary alloys in the cubic and hexagonal phases. To make a meaningful
comparison, these results along with the theoretical and experimental data are listed in Table 2. But
before the discussion about the ground-state properties of CdSe;_,Te, ternary alloys, we would like
to highlight that in the calculation of EOS for hexagonal compounds using 1D-search (changes the
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Table 2. The calculated lattice parameters (a and ¢ in Angstrom), bulk modulus (B in GPa), derivate of bulk modulus (8'), optimized
energy (E in Ryd/atom) and optimized volume (V in bohr’/atom) for zinc-blende and wurtzite phases of CdSe;_,Te, (x = 0.0, 0.25,
0.5, 0.75, 1.0) alloys in comparison with available experimental and theoretical data.

Compounds a(A) c(A) B (GPa) B E (Ryd/atom) V (bohr’/atom)
CdSe ypic 6.208 45.62 4.37 —8026.3071 201.8622
Theo 6.207 [17], 45,60 [17],

6.210 [52], 65.12 [53],

6.050 [53], 45.16 [15]

6.216 [15]
Exp 6.084 [47,48], 53.00 [49]

6.050 [49]
CdSeyurtzite2p) 439 7.7 4483 436 —8026.3073 201.6798
Theo 434 [17] 7.27 [17] 43.64 [17]
Exp 4.30 [24,51] 7.02 [24],7.01 [51]
CdSeq.75T€0.25 cubic 6.316 40.99 460  —9117.9538 212.5852
Theo 6.526 [17] 43,08 [17]
CdSeg 75T€0.25 wurtzite(2n) 4463 14.579 41.21 4.59 —9117.9537 212.1766
Theo 4429 [17] 14.891 [17] 42.32[17]
CdSeq.sTeg 5 cubic 6.421 38.85 4.54 —10209.6011 223.3526
Theo 6.407 [17] 42.21[17]
CdSepsTeos wurtzite2n) 4536 7.421 39.06 435  —10209.6008 223.1363
Theo 4.437 [17] 7.459 [17] 39.14 [17]
CdSeq.5T€0.75 cubic 6.524 37.62 4.20 —11301.2489 234.2496
Theo 6.322 [17] 40.14 [17]
CdSep 25T€0 75wurtzite(2D) 4610 15.088 36.59 442 —11301.2485 234.3089
Theo 4,563 [17] 14.653 [17] 36.31[17]
CdTecubic 6.629 35.45 4.51 —12392.8972 245.7054
Theo 6.620 [17], 36.24 [17],

6.626 [52], 44,50 [54],

6.480 [53], 48.94 [53],

6.631 [15], 33.78 [15]

6.540 [50]
Exp 6.480 [47,49], 44,50

6.540 [48],

6.477 [50]
CdTewurtzite2p) 4.680 7.675 35.25 4.36 —12392.8969 245.6107
Theo 4.680 [17], 7.650 [17], 34.62 [17]

4.560 [50] 7.540 [50]
Exp 4.570 [50] 7.470 [50]

volume at constant ¢/a ratio), we have to use the same c/a ratio for all of volume changes. However,
in the 2D-search of EOS, usually it finds the best value of ¢/a ratio for each value of volume changes.

To show this effect, we have calculated the best value of c/a ratio for different values of volume
changes using 2DRoptimize package for wurtzite CdTe compound (see Table 3). As can be seen,
this effect could be important and may play as a source of error; however, in some cases, this error
may be negligible.

Our results show that for zinc-blende CdTe (x = 1) and CdSe (x = 0), the calculated a-lattice con-
stant using PBE-GGA exchange correlation is overestimated with respect to the experiment [42-50].
However, it is observed that our results come to the same conclusions as the previous theoretical
DFT-PBE calculations [17]. Usually, local density approximation (LDA) and WC-GGA underesti-
mate lattice parameters and PBE overestimate them [40]. One can conclude that the other function-
als such as LDA and WC-GGA can describe the structural parameters of CdSe and CdTe better
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Table 3. The effect of 1D and 2D-search of EOS on c/a ratio of wurtzite CdTe compound for different percent of volume changes
within PBE-GGA.

Volume changes of CdTe in percent —15 —10 -5 0 5 10 15
(¢/a)1p-search 1.6430 1.6430 1.6430 1.6430 1.6430 1.6430 1.6430
(¢/0)2p-search 1.6779 1.6557 1.6482 1.6430 1.6409 1.6393 1.6379

than PBE-GGA with respect to the experimental data. For x = 0.5 and x = 0.75, our PBE-GGA a-lat-
tice constant is bigger than that calculated by Reshak et al. [17] while for x = 0.25 it is smaller. How-
ever, we used the same method (FP-LAPW), but we considered more k-points (2000 k-points) in
the full Brillouin zone and selected I,,x = 10, whilst in [17] they have used 1400 k-points and [, =
6. This can be considered the main reason for the disagreement.

Table 2 reveals that the structural parameters, namely a-lattice constant, the optimized volume,
the optimized energy and resistance against the volume changes (bulk modulus) for zinc-blende
CdSe;_,Te, within PBE-GGA functional increase, increase, decrease and decrease monotonically
when we move from zinc-blende-CdSe to zinc-blende-CdTe, respectively. This is not the case for
bulk modulus derivative where the alteration is non-monotonic. For wurtzite CdTe (x = 1) and
CdSe (x = 0), our evaluated a and c lattice constants within PBE-GGA functional are overestimated
with respect to the experiment [24,50,51]. However, one can see that our findings are in agreement
with the previous [17,50] DFT-PBE or DFT-GGA calculations. For x = 0.25 and x = 0.5, our calcu-
lated a-lattice (c-lattice) constants are within PBE-GGA which are bigger (smaller) than that evalu-
ated by Reshak et al. [17], while for x = 0.75, we got bigger a-lattice (c-lattice) constants than that
calculated previously [17]. However, the disharmony is ascribed to the difference in the value of
Imax> k-points, and the method of search for finding EOS; in the previous calculations [17], they have
used 1D-search, while in the present work we have used the 2D-search. Table 2 reveals the structural
parameters, namely the g-lattice constant, the optimized volume, the optimized energy and resis-
tance against the volume changes (bulk modulus) for wurtzite CdSe;_,Te, (x = 0, 0.25, 0.5, 0.75, 1).
These parameters increase, increase, decrease and decrease monotonically within PBE-GGA func-
tional when moving from wurtzite-CdSe to wurtzite-CdTe, respectively. This is not the case for bulk
modulus derivative where the alteration is non-monotonic. Since the bulk modulus is related to the
resistance against the volume changes, we can derive that increasing the Te content in ternary
CdSe;_,Te, alloys led to the decrease in hardness for both phases. The polynomial fit of our calcu-
lated data regarding the bulk modulus, a-lattice constant, optimized volume and the optimized
energy of ternary CdSe; ,Te, alloys with respect to the Te content using PBE-GGA functional for
both phases leads to the following analytical expressions:

B, = 45.281 — 16.147X + 6.663X°,
B,, = 44.750 — 14.358X + 4.846X>,
a. = 6.208 + 0.429X — 0.009X?,
a, = 4.390 4+ 0.297X — 0.006X>,
V, = 201.909 + 41.917X + 1.823X?,
V, = 201.644 + 41.914X + 2.083X2,
E. = —8026.307 — 4366.586X — 0.004X?,
E, = —8026.307 — 4366.584X — 0.005X°,

Where B represents the bulk modulus for cubic (C) and wurtzite (W) phases in units of (GPa), a
displays a-lattice constant in units of angstrom, V represents the optimized volume in units of
(bohr’/atom) and E exhibits the optimized energy in units of (Ryd/atom). The above equations
show that the bulk modulus has large bowing parameters which emphasizes that the nonlinear
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Table 4. The effect of 1D and 2D-search of EQS on the optimized values (volume, bulk modulus, derivate of bulk modulus (B') and
energy) and pressure (P) of induced-phase transition of CdTe compound within PBE-GGA.

CdTe V (bohr*/atom) B (GPa) B E (Ryd/atom) P (GPa)
1D-search 245.6168 35.21 441 —12392.896945 11.4
2D-search 245.6107 35.25 4.36 —12392.896949 10.6

behavior of B against x changes as the bowing parameter of the cubic phase from linear fitting is big-
ger than that that for the wurtzite phase. While the g-lattice constant for the wurtzite phase deviates
a little from the linearity as a function of x composition, the deviation from linearity for the cubic
phase is bigger than that for the wurtzite phase. As can be seen from the above equations, the opti-
mized volume for both phases behaves as nonlinear against x changes as the bowing parameter of
the wurtzite phase from linearity is bigger than that for the cubic phase. While the optimized energy
for the cubic phase deviates a little from the linearity as a function of x changes, the deviation from
linearity for the wurtzite phase is bigger than that for the cubic phase.

3.2. Phase transition and stable phase

In the first step of this section and to show that the effect of 2D-search can be important for finding
the pressure of induced phase transition, we have studied the ground-state properties of hexagonal
CdTe and CdSesTey s compounds using 2D-search of EOS. Our results (Table 4) show that the
effect of 2D-search of EOS on the optimized values (EO7 VO,B,B’) for hexagonal phase of CdTe
compound is negligible but these small changes lead the 2D-search of EOS to predict the pressure of
induced phase transition be around 0.8 (GPa) lower than 1D-search of EOS for CdTe compound.
Moreover, Figure 1 shows that 2D-search of EOS predicts the pressure of induced phase transition
to be about 0.9 (GPa) lower than 1D-search of EOS for CdSeysTeys compound. Therefore, this
effect (2D-search of EOS) can be important for finding the pressure of induced phase transition.
Figure 2(a) exhibits that the stable phase for CdSe compound is wurtzite which is in agreement
with the previous prediction [17], while for ternary CdSeq5Teg,s, CdSeosTeq s, and CdSeq,sTeq 75

CdSegsTey 5
2.0000 T T T T T

ZD-seaI'ch
1D-search

1.5000 |- 1

1.0000 - e ]
0.5000 - 2 .

0.0000 - oo - et - =

AG (Ryd/atom™10%)

-0.5000 |- .
-1.0000 |- o 1

1.5000 [ 1

.2.0000 1 L 1 1 1 1
10 " 12 13 14 15 16 17

P (GPa)

Figure 1. Difference of Gibbs free energy as function of pressure for two phases of CdSeysTegs compound within PBE — GGA
using 2D and 1D-search of EOS for wurtzite phase.
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Figure 2. (a) Equation of state for two phases of CdSe compound within PBE — GGA. (b) Equation of state for two phases of
CdSep75Teg25 compound within PBE — GGA. (c) Equation of state for two phases of CdSeq sTegs compound within PBE — GGA. (d)
Equation of state for two phases of CdSeq,sTeq s compound within PBE — GGA. (e) Equation of state for two phases of CdTe
compound within PBE — GGA.

alloys, the most stable phase is cubic as represented in Figure 2(b-d). These results are in agreement
with the previous prediction [17] except for CdSe, ;5Teg 5. Following Figure 2(e), it is found that
CdTe compound is stable in the cubic phase that is consistent with the experimental work [50].
From our results at zero temperature (T = 0 K), we can predict for the range 0.25<x<1.0, the bulk
CdSe;_,Te, alloys exists (stable) in the cubic phase while for the range 0.0<x<0.25, the stable phase
is wurtzite. Schenk and Silber found that the cubic phase exists in the composition range
0<xX(dse<0.45, while the wurtzite phase in the range 0.65<xc4se <1.0 for ternary CdSe,Te,_, alloys.
Other experimental results show cubic structure for CdSe,Te; _, thin films in the whole composition
range (0 < x < 1) [31-33], while in the new experimental work of Shinde et al. [11], the structure of
the CdSe ¢Tey 4 thin films was found to be hexagonal.

Using the obtained difference of Gibbs-free-energy (AG = 0) at the same pressure grid, we are
able to calculate the pressure-induced phase transition for two phases of CdSe;_,Te, alloys. Our
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Figure 3. (a) Difference of Gibbs free energy as function of pressure for two phases of CdSeq75Te,5 compound within PBE — GGA.
Inset: calculation of the volume versus pressure for two phases. (b) Difference of Gibbs free energy as a function of pressure for two
phase of CdSeqsTegs compound within PBE — GGA. Inset: calculation of the volume versus pressure for two phases. (c) Difference
of Gibbs free energy as function of pressure for two phases of CdTe compound within PBE — GGA. Inset: calculation of the volume
versus pressure for two phases.

results show that DFT+PBE does not predict phase transition from wurtzite to cubic for CdSe com-
pound at zero temperature. The same behavior is seen for CdSe,,5Tey 75 alloy. Therefore, we can
conclude that a phase transition can occur in CdSe compound and CdSe ,5Te ;5 alloy at a tempera-
ture which is not equal to zero.

Following Figure 3(a), our results predict a possible pressure-induced phase transition from cubic
to wurtzite phase for the ternary CdSe, ;5Te, ,s alloy at a pressure of about 1.9 (GPa) using 2D and
1D search of EOS. The corresponding volume collapses at the phase-transition boundary are also
calculated to be 203.839 and 203.485 and 203.839 and 203.489 (bohr’/atom) using 2D and 1D
search of EOS, respectively, while Figure 3(b) indicates a possible pressure-induced phase transition
from cubic to wurtzite phase for the ternary CdSe,sTes alloy at pressure of about 13.6 and 14.5
(GPa) using 2D and 1D search of EOS, respectively. The corresponding volume collapses at the
phase-transition boundary are also calculated to be 181.115 and 180.525 and 179.532 and 178.940
(bohr*/atom) using 2D and 1D search of EOS, respectively. Also, we found that (see Figure 3(c)) the
DFT+PBE calculation predicts phase transition from cubic to wurtzite for CdTe compound at pres-
sure of about 10.6 and 11.4 (GPa) using 2D and 1D search of EOS, respectively. The corresponding
volume collapses at the phase-transition boundary are also calculated to be 203.337 and 202.692 and
201.433 and 200.861 (bohr’/atom) using 2D and 1D search of EOS, respectively. Thus, we can pre-
dict that for the compositions between 0.25<x<0.5 and x = 1.0 at zero temperature, a phase transi-
tion may occur depending on pressure treatment for ternary CdSe;_,Te, alloys. The corresponding
lattice parameter collapses at the phase-transition boundary were also calculated using 2D and 1D
search of EOS as listed in Table 5.
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Table 5. The calculated lattice-parameters (a and ¢ in bohr) at the pressure (P in GPa) of induced-phase transition within PBE-GGA.

Compounds P (GPa) a (Bohr) ¢ (Bohr)
CdTecupic 114 11.7608
CdTeyurtite(ip) 1.4 8.2956 13.6040
CdTe ypic 106 11.7240
CdTe,urtzite2n) 10.6 8.2796 13.5335
CdSeq.sTeo s cubic 14.5 11.2826
CdSeq.5Teo.5 wurtzite(10) 14,5 7.9700 13.0114
CdSeq.sTeo s cubic 13.6 11.2157
CdSeq.sTeo s wurtzite(2p) 13.6 7.9880 13.0675
CdSeq.75T€0.25 cubic 19 11.7704
CdSeq.75T€0.25 wurtzite(1D) 19 8.3189 27.1622
CdSeq.75T€0.25 cubic 19 11.7704
CdSeq.75T€0.25 wurtzite(20) 1.9 83176 27.1703

4. Conclusions

The SQS approach of Zunger et al. is used to reproduce the randomness of the CdSe;_,Te, (x =
0.0,0.25,0.5,0.75,1.0) alloys for the first few shells around a given site. The all-electron full potential
linearized augmented plane wave (FP-LAPW) method was used to calculate pressure-induced phase
transition at zero temperature for selected phases at the same pressure grid. Therefore, we have
investigated the ground-state properties of CdSe;_,Te, alloys in the cubic and wurtzite phases. Cal-
culations show that CdSe is stable at wurtzite phase, while for ternary CdSe,;5Tey,s, CdSeqsTeq s,
CdSey »5Tey 75 and CdTe, the most stable phase is cubic. From our results at zero temperature, we
can predict for the range 0.25<x<1.0 that the CdSe,_,Te, alloy exists (stable) in the cubic phase,
while for the range 0.0<x<0.25, the stable phase is wurtzite. This prediction is consistent with exper-
imental work of Schenk and Silber at T< 800 °C except for CdSe, ;5T 5. We found that increasing
the Te content in the cubic phase of ternary CdSe;_,Te, alloys causes to decrease, increase, and
decrease the optimized energy, volume, and bulk modulus, respectively, whereas for the wurtzite
phase of the ternary CdSe;_,Te, alloys, increasing the Te content causes to increase the optimized
volume and decrease the energy and bulk modulus, and hence leads to decrease the resistance
against the volume changes (hardness) for both phases. We found that the DFT+PBE calculation
predicts phase transition from cubic to wurtzite for CdTe compound at pressure of about 10.6 and
11.4 (GPa) using 2D and 1D search of EOS, respectively. The corresponding volume collapses at the
phase-transition boundary are also calculated to be 203.337 and 202.692 and 201.433 and 200.861
(bohr’/atom) using 2D and 1D search of EOS, respectively.

Also, the DFT calculation within PBE — GGA predicts a possible pressure-induced phase transi-
tion from cubic to wurtzite phase for the ternary CdSeysTey 5 alloy at pressure of about 13.6 and
14.5 (GPa) using 2D and 1D search of EOS, respectively. The corresponding volume collapses at the
phase-transition boundary were also calculated as 181.115 and 180.525 and 179.532 and 178.940
(bohr’/atom) using 2D and 1D search of EOS, respectively. Moreover, a possible pressure-induced
phase transition is indicated from cubic to wurtzite phase for the ternary CdSe,,5Tey 5 alloy at a
pressure of about 1.9 (GPa) using 2D and 1D search of EOS. The corresponding volume collapses at
the phase-transition boundary are also calculated to be 203.839 and 203.485 and 203.839 and
203.489 (bohr’/atom) using 2D and 1D search of EOS, respectively.
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