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Predicted thermodynamic
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The Pseudopotential method coupled with plane waves implemented in the quantum espresso code
was used in the prediction of the structural parameters and elastic constants of SrCuX (X=P, Sb)
materials. The obtained results of lattice parameters and bulk modulus at equilibrium agree well with
their experimental and theoretical data cited in the literature. The calculated Young’s modulus of
SrCuX (X =P, Sb) aggregate thermoelectric materials are 109.25 GPa and 78.22 GPa, while their Debye
temperatures are 364.2 K and 261.8 K. The vibration energy of phonons is 24.14 kJ/mol and 23.37 kJ/
mol for SrCuP and SrCuSb. Our thermodynamic parameters increase monotonically with temperatures
for both SrCuP and SrCuSb materials. To the best of our knowledge, there are no data available in

the literature on the elastic and thermodynamic parameters of SrCuX (X =P, Sb) compounds, then

our results are prediction. The absence of virtual phonon frequencies indicates high dynamic stability
in both materials, with a band gap about 1 THz between optical and acoustic phonons in SrCuP and
SrCuSb.

Keywo rds Ab-initio calculations, Elastic properties, SrCuX (X =P, Sb) thermoelectric materials, Thermo_pw
package, Thermodynamic properties

Theoretical methods integrating first-principle calculations have constantly progressed in recent years'. Using
always faster computers and more efficient computer codes, these approaches allow the investigation of a large
set of materials (elements, compounds, alloys,.etc.) in a much shorter time than experiments'. First-principles
calculations based on the density functional theory are one of the most powerful tools to understand the physical
properties of materials®. For example, these calculations can provide information about spin distribution in
magnetic materials which are not measured from experiment?. The interest in the equimolar composition TMX
intermetallic compounds (where T is a transition metal from the Ti, V, Cr columns, Sr, Ba, Y and La, M an
element from the first line of transition metals, while X is a sp elements: Al, B, Si, Sn, and Sb)! was started a
long time ago. Using X-ray methods, Mewis® has studied the crystal structure of some ternary phosphides and
arsenides intermetallic compounds. They mentioned that all CaCuP, CaCuAs, SrCuP, SrCuAs, SrAgP, SrAgAs and
EuCuAs compounds crystallize in a modified Ni,In structure (space group P63/mmc-Déh), while Eisenmann
et al.* have investigated experimentally the structural parameters of the ternary CaCuSb, CaCuBi, SrCuSb and
SrCuBi compounds. Very recently, several interesting aspects of TMX compounds have been computed and
measured. Barreteau et al.' found that the SrCuSb compound is non-metallic in the BeZrSi structure-type
(P6,/mmc (N° 194) space group), while Moll et al.> have investigated the thermoelectric properties of SrCuX
(X=P or Sb) experimentally and with the density functional theory (DFT) calculations. Moll et al.’> have
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mentioned that both SrCuP and SrCuSb compounds are stable and non-metallic, and these two non-metallic
compounds are suitable for thermoelectric applications. They have mentioned also that some equimolar TMX
compounds can also crystallize in other structure types such as the hexagonal BeZrSi type. Quinn and Bos® have
studied the thermoelectric parameters of several phosphide materials promising for thermoelectric conversion.
Furthermore, they have also reported theoretically on the gravimetric density, bulk and shear moduli, sound
velocity, Debye temperatures, and Griineisen parameters using the Materials Project computer software’. In
other work®, they have reported on electronic band structure information, thermal transport properties, and
several other thermoelectric properties of some selected half-Heusler alloys.

Using vacuum induction melting method, Zheng et al.” developed a series of planar Zintl-phase XCuSb
(X=Ca, Sr, Ba) thermoelectric materials. Using experimental measurements and theoretical calculations, Zheng
et al.® found that all these thermoelectric compounds exhibit high carrier mobilities and intrinsic low lattice
thermal conductivities. Knowledge of mechanical and thermodynamic properties of materials is very important
for many technological applications!'®-!3. Despite the importance of the mechanical and thermodynamic
properties of SrCuP and SrCuSb materials, only some data have been carried out on the physical properties
of SrCuSb compound'!. The thermoelectric materials have small band gap. The thermoelectricity enables the
direct conversion of heat into electricity'®. The efficiency of the thermoelectricity is governed by the figure
of merit, which is related to the Seebeck coefficient, electrical resistivity and thermal conductivity. The main
applications of thermoelectricity consist of medical devices, wearables, energy sensors and microelectronics.
An experimental study of SrCuX (X=P, Sb) Zintl phases confirms their stability and non-metallic character,
which are favorable as potential thermoelectric materials®. Thermoelectric analysis of Co,TiX(X =Al, Ga, In,
Si, Ge, Sn) compounds showed a figure of merit close to unity, this makes them potential in thermoelectric
applications*' -, The obtained results on both L21 and XA phases ordering of Ti,FeGe indicate their candidate
as optoelectronic and spintronic applications®®. Both L21 and XA ordering of Co FeGe compounds exhibit a
ferromagnetic metallic nature?. The thermoelectric and thermal properties of Co, FeGa Si_with concentration
range 0<x<1 exhebit half-metallic and metallic character?”. The ferromagnetlc material Ni,MnGa shows a
semi-metallic characteristic with a Curie temperature approximately 358 K and thus is considered a promising
candidate for incorporation into spintronic devices?®.

In the present work, we report on first-principle calculations of the structural parameters, elastic constants,
and thermodynamic parameters of SrCuP and SrCuSb compounds. Our findings are analyzed and compared to
other data available from the literature. The SrCuX (X =P, Sb) compounds are highlighted to obtain new materials
with adequate thermoelectric characteristics, such as their figure of merit and dynamic and thermodynamic
stability.

Method of calculation

Both the pseudopotential and all-electron calculations were performed from first principles, based on DFT. The
pseudopotential calculations were performed using Quantum Espresso code?®. The calculations were carried
out using A PAW pseudopotential®! with a cut-off radius of 0.75 a.u, with the sg15 optimized norm-conserving
Vanderbilt (ONCV) pseudopotentials®>. PAW method considers a plane-wave basis set, but augmented in
the region near the nucleus to describe the atomic-like wave function. The exchange-correlation effects were
described using the generalized gradient approximation (GGA), according to the Perdew-Burke-Ernzerhof**.
Convergence tests 57.5 and 345.5 Ry for the plane-wave basis-set cutoffs energy for the wave function and charge
density, respectively. Wave functions were expanded with an energy cutoff of 90 Ry for SrCuP and 110 Ry for
SrCuSb, respectively, which conduct to a convergence threshold of 1.0 x 10~ Ry. Integration over the Brillouin
zone was performed using Monkhorst-Pack grids®* of 6 x 6 x 3 and 8 x 8 x 4 for SrCuP and SrCuSb, respectively.

Results and discussion

Equation of state (EoS) parameters

In order to determine the structural parameters of SrCuP and SrCuSb ternary compounds, which crystallize in
the BeZrSi structure-type with space group (P6,/ mmc—Déh(N° 194) as shown in Fig. 1. The equilibrium lattice
parameters a and c were calculated using volume cell relaxation with the Broyden-Fletcher-Goldfarb-Shannon
(BFGS) algorithm®>~*, which is implemented in Quantum Espresso code. The procedure of finding the unit cell
volume V, the bulk modulus B, and its pressure derivative B, is from the fit of energy-volume (E-V) data using
the Murnaghans equation of state (M-EOS)'*16 given by:

E(V) - E(V) =

Bg/

Bo/ Bor —1 Bor—1

where E is the energy of the ground state, corresponding to the equilibrium volume V.

Figure 2; shows the variation of the total energy E as a function of the unit cell volume V for SrCuP and SrCuSb
ternary compounds. The calculated values of equilibrium parameters a,, ¢, V,, B, and B, are summarized
in Table 1, with their experimental results’=> and other calculations>!*’. The compounds SrCuP and SrCuSb
1nvest1gated by X-ray diffraction are isotypic and crystallize in a modified Ni, In structure (space group P6,/mmc-
Dg;,) have the lattice parameters a=4.146 A c=8.376 A% and 4.527 A c=8. 752 AS. The obtained results oflattlce
parameters and bulk modulus at equilibrium state agree well with their experimental® and theoretical®->1140
data cited in the literature. These results demonstrate the effectiveness of the calculations in this work. The
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Fig. 1. Unit cells of SrCuP and SrCuSb compounds in the BeZrSi type-structure.
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Fig. 2. Total energy E versus unit cell volume V for SrCuX (X =P, Sb) compounds in the BeZrSi type-structure.

SrCuP 4.1134° 8.59342 125.922, 66.55° | 4.57°
Exp 4.146>° Exp 8.376% 8.382° | 124.78° 126.28° 62.00%
Other 4.138° 8.541°
SrCuSb 4.5424° 8.8929° 158.91%, 155.33°158.866'1 | 49.99 | 4.57°
Exp 4.527° 8.752° 159.64° 43,924
Other 4.547%,4.540" | 8.926°

4524 8.900!"!

Table 1. EOS parameters for both SrCuP and SrCuSb compounds, in comparison with others data from the
literature. *This work using the BEGS algorithm, "This work using M-EOS.

deviations between our values of V, and the experimental ones reported in reference® are around 0.91% for
SrCuP and 2.3% for SrCuSb compound, respectively.

Regarding the effect of the spin state on the total energy of the system and the calculated properties,
Calculations of energy versus volume for each compound in possible feromagnetic, antiferamagnetic and non-
magnetic states were investigated. The curves were identical (superimposed on each other), which is proof of the
negligible effect of the magnetic state.
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Fig. 3. Pressure dependence of the bulk modulus B for SrCuP and SrCuSb compounds.
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Fig. 4. Pressure derivative of the bulk modulus B’ versus pressure for SrCuX (X =P, Sb) materials.

Other factors that might contribute to discrepancies are temperature variations: DFT provides a zero-
temperature description of the state of the material, whereas many experiments are done at room temperature.

Based on the compressibility 8 of material, a simple and efficacy expression has been used to calculate the
hardness H of several mineral materials, this simple expression is given by the following relationship*':

M
H="—
pap @

where M is the molecular weight, p is the gravimetric density, and ¢ is the number of atoms in a formula unit.

Using the previous relationship, the estimated values of the hardness are around 8.43 GPa for SrCuP and 8.01
GPa for SrCuSb, respectively. This later value is in good agreement with the theoretical one (H,,=7.73 GPa)
reported in reference!!. The deviation between the two values is around 3.62%. No data on the hardness H could
be found in the literature to make a comparison for SrCuP material.

Recently some interesting works!'”!® have studied the variation of the isothermal bulk modulus B and its
first pressure derivative B as a function of pressure using some analytical expressions. Based on the expressions
established by Mahammed and Mohammed!3, the variation of the isothermal bulk modulus B and its first
pressure derivative B’ as a function of pressure for SrCuP and SrCuSb compounds are shown in Figs. 3 and
4, respectively. The bulk modulus of both compounds increases gradually with increasing pressure, while the
pressure derivative of B decreases with raising pressure. The increase in bulk modulus with pressure may be
for the reason that pressure decreases the unit cell volume which, in turn, decreases the interatomic distance
and hence an increase in bulk modulus occurs. Similar qualitative behaviors have been reported for LIMAL,
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C;GPa) | C; Cp Cis Css Cu Ces
SrCuP 145.69* 31.06* 38.24 96.69 38.67 57.32

112.87* | 32.45* |24.77 |61.21 |27.63 |40.21
127.79' | 31.72" | 23.88"" | 58.43'" |28.27" |47.99"

SrCuSb

Table 2. Elastic constants Cij (in GPa) of SrCuP and SrCuSb compounds.

Parameter | B (GPa) | G (GPa) | E (GPa) | v k=G/B
SrCuP 66.28 44.58 109.25 0.23 0.67

47.77 31.87 78.22 0.23 0.67
48.88'1 | 34.82!1 | 84.42!1 | 0.21'" |0.711

SrCuSb

Table 3. Bulk modulus B, shear modulus G, Young modulus E, Poisson’s ratio v, and Pugh’s ratio k= G/B for
SrCuP and SrCuSb compounds.

(M=Rh, Pd, Ir and Pt) ternary compounds'®, for calcium oxide (CaO) binary compound!” and for nine element
materials'®,

Elastic constants and their related parameters

The elastic stiffness constants are essential parameters that can provide a link between the mechanical and
dynamic behavior of crystals'®. Furthermore, they give important information on the nature of the chemical
bonding operating in solids!?. The elastic stiffness tensor of hexagonal crystals is characterized by five independent
elastic constants: C,;, C,,, C,5, C,, and C4411 13 while the elastic constant C,, is expressed as a function of the
elastic stiffness constants C,,, C, as follows: C .= (C, - C,,)/2!"*2. Nesa Rima et al.'' mensioned that there is
correlation between C,, and the ‘material hardness H, where the higher value of C,, indicates more hardness H.
Our results regarding the elastic constants C, of both SrCuP and SrCuSb compounds are hsted in Table 2. The

elastic constants for the hexagonal crystals should satisfy the following stability criteria'?

Ci1 > O7 Cyq > 0, (011 — 012) >0, and (Cll + 012)033 > (3)
In addition to these stability criteria, Nesa Rima et al.'! added another condition, C,,>0. Clearly, according to
the results shown in Table 2, the elastic constants of both SrCuP and SrCuSb crystals obey above the mechanical
stability conditions. Then, our elastic constants in the hexagonal structure ensure the mechanical stability of
these two compounds. Our data on the elastic constants C,. for SrCuSb crystal are in agreement with the results
reported in reference!’. To the best of the authors’ knowledge, no data on the elastic constants C;are available in
the literature to make the comparison for SrCuP compound.

We know that the Voigt-Reuss-Hill (VRH) approximation is often used for the aggregate polycrystalline
materials’®. All details on the VRH approach for hexagonal structure are reported in reference!®. Young’s
modulus E and Poisson’s ratio v are calculated using bulk modulus B and shear modulus G by the following
expressions: E=9BG/(3B+G), and v=(3B-2G)/(6B+2G)'**>41. Qur obtained values of the bulk modulus B,
shear modulus G, Young’s modulus E, Poisson’s ratio v, and Pugh’s ratio (k=G/B) for both SrCuP and SrCuSb
compounds are listed in Table 3. The calculated Young’s modulus E for the aggregate SrCuP material is around
109.25 GPa, which is much larger than the value 78.22 GPa reported for SrCuSb compound. Our data on the
elastic moduli for SrCuSb are slighly lower than the results reported in Reference!!. For SrCuSb compound,
the deviation between our value (78.22 GPa) of E and the theoretical one (84.42 GPa) reported in reference!! is
around 7.34%. No data on the elastic moduli could be found in the literature to make a comparison for SrCuP.
To predict the ductile-brittle nature of materials, the Poisson’s ratio v is often used. If the value of v © 0.26, thus
implies the brittle manner behavior of the compound, while if v > 0.26, this implies the ductile behavior of the
material'®!*. One can see that all the values of v are (~0.23) to be smaller than 0.26 implying both SrCuP and
SrCuSb compounds behave in a brittle manner at normal conditions. This conclusion on brittle behavior for
both SrCuP and SrCuSb compounds could be confirmed also from the values of Pugh’s ratio (k~0.67 > 0.57)16:44,
This behaviour was also observed for some ACuSb (A =Ca, Sr, Ba) ternary intermetallic materials'!. Because
there is a direct correlation between the elastic moduli and the hardness, usually, the search for a material’s
hardness is made easier by seeking materials with substantial bulk or shear moduli''. The Vickers hardness H
is very largely dependent to dislocations and other defects of the solid'é, one of the expressions related Vickers
hardness H,, and the elastic moduli is giveen as follows*:

HV _ 0.92]@1'137G0'708 (4)

Our calculated results for the Vickers hardness H, are 8.58 GPa for SrCuP and 6.77 GPa for SrCuSb, respectively.
The first value (8.58 GPa) of H,, is in excellent agreement with the result (8.43 GPa) obtained from the formula of
Eq. (2), while the second one (6.77 GPa) is lower than that (8.01 GPa) obtained from the expression of Eq. (2). An
anisotropy index informs on the degree of which a system’s properties are directionally dependent. To provide an
accurate measure of anisotropy, the universal anisotropy factor (AU) was often used. Since AV may apply to all
the crystal symmetries, it is referred to as universal anisotropy factor; it can be written as!>:
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A —_— — —6>
5G + 6>0 (5)

For isotropic material, AU is zero!®. The non-zero values (~0.26 for SrCuP and ~ 0.39 for SrCuSb, respectively)
of AV indicate the anisotropic nature of both SrCuP and SrCuSb compounds, which becomes higher with the
replacement of P element by Sb one.

Acoustic wave speeds, acoustic impedance and Debye temperature

The Debye temperature 6, is a fundamental thermodynamic property used to distinguish between low and high
temperature regions for a sohd16 4446 At low temperatures, it can be predicted from the average acoustic wave
velocity v, using the following expresswn16 A4,

5 1/3
om ()]

Where i = h/2m, h is the Planck constant; kB is the Boltzmann constant, N is the number of unit cells in the
volume V of the crystal, and K is the number of atoms per unit cell.

The values of the longitudinal, transverse, and average acoustic wave speeds and the Debye temperature 6, for
both SrCuP and SrCuSb materials are listed in Table 4. More details on the calculation of the acoustic wave
speeds and the Debye temperatures from the Debye’s approach, please see the references***®. The calculated
value of the Debye temperature 6, is 364.2 K for SrCuP, which is higher than the value 261.8 K reported for
SrCuSb compound. This explains that Debye temperature 6, correlates with the Young’s modulus E (E=109.25
GPa for SrCuP is higher than E=78.22 GPa reported for SrCqu) According to Reference'?, a larger 6, value
suggests a higher normal vibration, which is associated with better thermal conductivity. Such as Youngs
modulus E, our Debye temperature (261.8 K) for SrCuSb is slighly lower than the theoretical result (272.5 K)
reported in Reference!!. To the best of authors’ knowledge, there are no experimental or other theoretical data
available in the literature on the acoustic wave speeds and the Debye temperature 6, for SrCuP material to
make comparison. By solving the Christoffel wave equation, the average sound velocity could be obtained from
the angular average of the sound velocities calculated for each propagation direction, and consequently, the
Thermo_pw package?®! allows the determination of the Debye temperature using the exact formula of v,,'°. The
obtained values of the average Debye sound velocity v, are around 3.352 km/s for SrCuP and 2.597 m/s for
SrCuSb compound, respectively. The Debye temperature is 361.5 K for SrCuP and 259 K for SrCuSb, respectively,
which are in good agreement with the data obtained from Eq. (6).
The variation of Debye temperature 6, as a function of pressure could be predicted using the following
expression!”:

O = 6, (p/po)” )
where 6, is the Debye temperature obtained at ambient conditions, 6, is the Debye temperature, y is the
Grunersen parameter, p is the gravimetric density and p, is the gravimetric den51ty obtained at ambient

conditions. The Griineisen parameter y is an important thermodynam1c quantity?’, which could be predicted
using Vashchenko-Zubarev’s formula, which is expressed as follows*®

e (e (2) -9/ (-2

where B and B’ are the bulk modulus and its pressure derivative.

The variation of the Debye temperature 6, as a function of pressure for both SrCuP and SrCuSb compounds is
summarized in Table 5 and are shown in Fig. 5. The Debye temperature 6, of both SrCuP and SrCuSb compounds
increases gradually with increasing pressure. Similar qualitative behav1or of 6, versus pressure has been reported
for both calcium oxide (CaO) compound!” and MgCa intermetallic compound45 The best fit of our data on
the Debye temperature 0, (expressed in K) versus pressure p (expressed in GPa) are given by the following
expressions: 6,=364.3+7. 82p —0.15p? for SrCuP and 6, =261.9 +7.52p—0.2p? for SrCuSb, respectively.
Furthermore, we evaluated the acoustic behavior of both SrCuP and SrCuSb materials by computing the
acoustic impedance Z, which may be calculated by the following formula: Z=(pG)"/?*°, where G is the shear
modulus and p is the gravimetric density, respectively. The acoustic impedance Z of both SrCuP and SrCuSb

Parameter | v, (km/s) | v, (km/s) | v, (km/s) 0, (K) Z (Rayl)

SrCuP 5.123 3.051 3.377 364.2 14.61x 10°
3.987 2.369 N " .

SrCuSb 1000t | 2azont | 262427331 | 261827251 | 1345x10

Table 4. Acoustic wave speeds, Debye temperature 6, , and acoustic impedance Z for SrCuP and SrCuSb.
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p(GPa) |0 1.15 |2.59 (391 |5.36 |6.30
SrCuP 0, (K) |364.3 |373.1 |383.5 | 392.6 | 402.0 | 407.8

p(GPa) | 0 0.68 1.66 2.56 | 3.54 4.17
SrCuSb

GD (K) 261.8 | 2669 |273.8 |279.8 | 286 289.8

Table 5. Debye temperature 6, versus pressure p for SrCuP and SrCuSb compounds.
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Fig. 5. Pressure dependence of Debye temperature for SrCuP and SrCuSb compounds in the BeZrSi type-
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Fig. 6. Vibrational energy of phonons versus temperature for SrCuP and SrCuSb materials.

materials has been estimated at around 14.61 x 10° Rayl and 13.45 x 10 Rayl, respectively. They are slightly lower
than the values 19.24 x 10° Rayl and 17.88 x 10° Rayl of Ti,GaB and Zr,GaB material, respectively*’.

Other thermodynamic properties

The temperature plays an influential role in determining the physical properties of materials!®. The
thermodynamic properties of both SrCuP and SrCuSb materials are theoretically predicted using the quasi-
harmonic approximation. The detailed formulas used in the calculations of the thermodynamic properties of
crystals are in the reference®. We report in Fig. 6 the vibrational energy of phonons as a function of temperature
for both SrCuP and SrCuSb materials. The vibrational energy of phonons at room temperature (0 K) is about
25 kJ.mol! (10 kJ.mol™!) for SrCuP and 22.5 kJ.mol™! (6 k].mol!) for SrCuSb. A flat region is observed at low
temperatures and an almost linear increase at high temperatures. This behavior predicted by our calculations
is in agreement with a theoretical calculation for LiMAl2 (M=Rh, Pd, Ir and Pt) materials'®, as well as for the
tetragonal absorbent material Cu,ZnSnS, (CZTS) in Kesterite phase®, and for double quaternary perovskites
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Fig. 7. The vibrational free energy versus temperature for SrCuP and SrCuSb materials.
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Fig. 8. Entropy versus temperature for SrCuP and SrCuSb compounds in the BeZrSi structure-type.

Ba,NaHaO, (Ha=Cl, Br, I)*'. At ambient temperature, the vibration energy of phonons has been found 24.14 kJ/
mol and 23.37 kJ/mol for SrCuP and SrCuSb, respectively. The vibration free energy comes from a few low
external modes, where their frequencies depend on the geometry and the adsorbed mass. At low frequencies,
the energy curve is smooth because of the constant bond length. The vibrational free energy for both SrCuP
and SrCuSb materials is illustrated in Fig. 7. At ambient temperature, the vibrational free energy is -2.58 kJ/mol
for SrCuP and -10.49 kJ/mol for SrCuSb. There is a phase transition at 199 K and 250 K for SrCuSb and SrCuP
respectively. We note that beyond these two temperatures, the two compounds are thermodynamically stable.
This stability is more pronounced in SrCuSb. The free energy of vibration is positive when the chemicals are
diatomic or larger.

The effect temperature on vibrational entropy S and the constant volume heat capacity C,, with temperature
ranging from 0 to 800 K for SrCuP and SrCuSb materials are shown in Figs. 8 and 9. As the temperature
increases, both the entropy S and the heat capacity C,; increase as well. At low temperatures, one can observe
that S increases quickly with rising the temperature.

At ambient temperature the entropy S is 88.81 J.mol™.X™! for SrCuP 112.54 J.mol".K™! for SrCuSb; while
the heat capacity at constant volume C,, is 69.83 ].mol™.K™! for SrCuP and 72.27 J.mol~' X! for SrCuSb. The
heat capacity for both SrCuP and SrCuSb materials increase rapidly under the lower temperature values from
0 to 200 K, above 200 K a slow increase in heat capacity can be seen, and the constant volume heat capacity
approaches to the Dulong-Petit limit 75 J.mol~". K"}, indicating that at high temperature all phonon modes are
excited by the thermal energy®*~>*. The increase in temperature slightly affects the lattice parameters and fault
structure™. Similar qualitative behavior has been reported for C,, versus temperature for heusler Mn,NiGe
ternary compoundlo, for LiMAl2 (M =Rh, Pd, Ir and Pt) materials'®, for tetragonal CuZZnSnS . (CZTS) material
in Kesterite phase®, for scandium mono-phosphide (ScP) semiconductor®, for cubic ZnS-type structure boron
antimonide (BSb) compound54, for cubic MgCu intermetallic compound“, for cubic AuX, (X=Al, Ga, In)
intermetallic compounds®’ and for cubic copper iodide (Cul) binary compound.
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Fig. 9. Temperature dependence of the constant heat capacity for SrCuX (X=P, Sb) compounds.

Conclusion

In conclusion, an ab-initio projected augmented wave pseudopotentials method, based on the DFT has been
employed to investigate the structural properties of both SrCuP and SrCuSb materials. Our findings on the
lattice constants of our materials of interest are in agreement with the experimental data of the literature. We
also report the calculation of the elastic constants and the thermodynamic properties for the first time to our
knowledge in the case of both SrCuP and SrCuSb compounds. The calculated values of the Young modulus E
for the aggregate materials are around 109.25 GPa for SrCuP compound and 78.22 GPa for SrCuSb, respectively.
For our materials of interest, our calculated data on the thermodynamic properties show that all these quantities
change monotonically with increasing temperature from 0 to 800 K. The Debye temperatures calculated based
on elastic constants of SrCuP and SrCuSb compounds are 364.2 K and 261.8 K, respectively, and SrCuP exhibits
higher stiffness (Young modulus) and better thermal conductivity for the higher Debye temperature. A critical
aspect of this work was the dynamical stability check, which confirmed that both SrCuP and SrCuSb maintain
stability under varying conditions, making them viable candidates for practical applications. The results
presented here form a robust theoretical foundation for further experimental studies and optimization of SrCuX
(X =P, Sb) materials for advanced thermoelectric devices.
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