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Density functional theory is used to investigate the structural, electronic, thermodynamic and magnetic properties of the cubic anti-
perovskites InNNi3 and CdNNi3. Elastic and electronic properties were determined using generalized gradient approximation (GGA) 
and local spin density approximation (LSDA) approaches. The quasi-harmonic Debye model, using a set of total energy versus 
volume calculations is applied to study the thermal and vibrational effects. The results show that the two compounds are strong 
ductile and satisfy the Born-Huang criteria, so they are mechanically stable at normal conditions. Electronic properties show that the 
two compounds studied are metallic and non-magnetic. The thermal effect on the bulk modulus, heat capacity, thermal expansion and 
Debye temperature was predicted. 
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PACS: 61.50.Ah; 71.20.Nr; 62.20.Dc; 71.15.Mb; 65.40.Ba 

1. INTRODUCTION
In recent years, the anti-perovskite carbides, nitrides and borides compounds have gained considerable attention 

because they have an extensive range of interesting physical and chemical properties. Their attractive physical 
properties derived from the association of magnetic phase transition and crystal lattice, such as nearly zero temperature 
coefficient of resistivity, magnetostriction, negative thermal expansion, giant magnetoresistance (GMR), and 
superconductivity at high temperature [1-7]. 

The ternary nitrides or carbides have the cubic anti-perovskite structure of the general formula XAM3(X are 
elements of (III–V) group, A is carbon or nitrogen, and M are transition metals) [8]. The cubic anti-perovskite type is an 
ordinary cubic perovskite where the metal atoms have exchanged positions with the non-metal atoms within the unit 
cell. The M metal atoms are positioned at the face-centered positions, the X metal atoms are positioned at the cube 
corner sites, and the non-metal atoms are positioned at the body-centered positions [9]. Because of the exceptional 
properties of several binary nitrides, ternary and higher nitrides have gained much attention during the last years, also, 
theoretical investigations of the physical properties of the anti-perovskite nitrides with alkali-earth metals have involved 
many interest [10–23]. Compared to the other member of these large family, the physical properties of the Ni-based 
cubic anti-perovskite compounds with a general composition MNNi3 (M = Cd and In) are less investigated. A more 
complete understanding of the physical properties of CdNNi3 and InNNi3 is needed to ultimate technological 
applications of these compounds.  

First-principles calculations offer one of the greatest tools for carrying out theoretical studies of significant number 
of physical and chemical properties of many materials with big accuracy. Nowadays it is possible to make clear and 
calculate properties of many solids which were in the past difficult to get with experiments. 

Motivated by the above mentioned reasons and considering the lack of high order elastic constants for most anti-
perovskite materials, we report in this paper a systematic study of the structural, elastic, thermodynamic and electronic 
properties for the two cubic anti-perovskite compounds InNNi3 and CdNNi3 using the full-potential linearized 
augmented plane wave (FPLAPW) method based on the density functional theory (DFT) within the generalized-
gradient approximation (GGA) and the local spin density approximation (LSDA) approximations. The objective of the 
present paper is to theoretically predict and give a wide comprehension of the elastic, electronic and thermodynamic 
properties of the two compounds. 

2. CALCULATION
In the present work Kohn–Sham equations [24] are solved to calculate the structural, electronic and magnetic 

properties of the cubic anti-perovskite CdNNi3 and InNNi3using the WIEN2K code [25, 26]. It is based on the full-
potential linearized augmented plane wave method (FPLAPW) [27]. The two anti-perovskites are assumed to have an 
ideal cubic structure (space group is Pm3m (221) [28]). Basis functions were expanded as combinations of spherical 
harmonic functions inside non-overlapping spheres around the atomic sites (MT spheres) and in Fourier series in the 
interstitial region. The valence wave functions, inside the spheres are expanded up to lmax=10, the calculation gives 
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84 K-points corresponding to a mesh (12×12×12) which is equivalent to 2000 K-points in the Brillouin zone (BZ). The 
wave functions in the interstitial region were expanded in plane waves with a cutoff of kmax=7/RMT (where RMT is the 
average radius of the MT spheres). The muffin-tin radius RMT is based on two conditions: (i) no core charge leaks out of 
MT spheres and (ii) no overlapping is permitted between spheres. The muffin–tin radii of the cubic CdNNi3 anti-
perovskite are taken to be 2.43, 1.62, and 1.82 atomic units (a.u.) for Cd, N and Ni respectively. The muffin–tin radii of 
the cubic InNNi3 anti-perovskite are taken to be 2.24, 1.6, and 1.8 atomic units (a.u.) for In, N and Ni respectively. 
The lattice constants and bulk modulus are calculated by fitting the total energy versus volume according to the 
Murnaghan’s equation of state [29]. For the exchange correlation functional, we have used the GGA [30] as well as the 
local spin density approximation (LSDA) [31]. 

 
3. RESULTS AND DISCUSSIONS 

3.1. Structural and Elastic properties 
In order to calculate the ground-state properties of InNNi3 and CdNNi33 antiperovskites, we performed the 

structural optimization by minimizing the total energy with respect to the cell parameters and the atomic positions. The 
equilibrium lattice parameters of both of the compounds are obtained by performing structural optimization and the 
calculated energy volume data is fitted to Murnaghan's equation of state.  

To determine the magnetic ground state, both spin-polarized (ferromagnetic Fig. 1 (a) and (b)) and spin-
unpolarized (non-magnetic Fig.1 (c) and (d)) calculations are also performed, for the magnetic and non-magnetic states 
as a function of volume (see Table 1), which is clearly indicating that the non-magnetic state has the lower energy as 
compared to the magnetic state for the two compounds, and therefore, the non-magnetic state is more favorable. 

 

  
a b 

  
c d 

Figure 1. The variation of pressure (Gpa) as a function of v/v0 using LSDA and GGA approximations. (a) CdNNi3 in 
ferromagnetic state. (b) InNNi3 in ferromagnetic state. (a) CdNNi3 in non-magnetic state. (a) InNNi3 in non-magnetic state 
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Table 1. Calculated equilibrium lattice constant (a, in Å), bulk modulus (B, in GPa) and its pressure derivative (B0), cell volumes (V, 
in bhor3) and the minimum total energy (E, in Ry) in ferromagnetic (FM) and non-magnetic (NM) phases, for cubic anti-perovskites 
CdNNi3 and InNNi3 obtained with GGA and LSDA. Available experimental and theoretical results are quoted for comparison 

Anti-perovskite Parameters LSDA GGA Exp Other theoretical results 

CdNNi3 a [Å] 3.761(FM) 
3.762 (NM) 

3.807(FM) 
3.857 (NM) 

3.852[33] - 

V 358.67(FM) 
359.30 (NM) 

372.369(FM) 
387.4 (NM) 

- - 

B 234.49(FM) 
235.85 (NM) 

212.8(FM) 
194.71 (NM) 

- - 

B0 5.26(FM) 
5.1 (NM) 

5.26(FM) 
5.1 (NM) 

- - 

E -20401.22(FM) 
-20401.229 (NM) 

-20422.36(FM) 
-20426.55 (NM) 

- - 

InNNi3 a [Å] 3.782(FM) 
3.782 (NM) 

3.826(FM) 
3.879 (NM) 

3.844[32] 
3.862[33] 

3.784(LDA) [34] 
3.882(GGA)[34] 

V 365.119(FM) 
365.142 (NM) 

378.164(FM) 
393.924 (NM) 

- - 

B 233.33(FM) 
231.66 (NM) 

210.81(FM) 
176.77 (NM) 

- 226.91(LDA) [34] 
179.93(GGA)[34] 

B0 4.758(FM) 
4.6 (NM) 

5.639(FM) 
4.9 (NM) 

- 4.761(LDA) [34] 
4.281(GGA)[34] 

E -20975.497(FM) 
-20975.499 (NM) 

-20997.04(FM) 
-21001.12(NM) 

- - 

The calculated bulk moduli B0, the pressure derivatives of bulk modulus B’ and the equilibrium lattice parameter 
a0 using GGA and LSDA, are given in Table 01 with the available experimental and theoretical data for comparison 
[32-34]. Our calculated equilibrium lattice constant a0 is in good agreement with the experimental data. We can see that, 
the use of the LSDA slightly underestimates the lattice constants comparing to GGA approximation which gives better 
theoretical results. 

The elastic constants are elemental and very important for describing the mechanical properties of materials. They 
have significant information which can be obtained from ground state total energy calculations [35, 36]. The elastic 
constants are connected to a number of fundamental properties such as equation of state, interatomic potential, specific 
heat, phonon spectra, Debye temperature and melting point. They also provide information about the mechanical, 
dynamical behavior and the nature of forces operating in solids. The study of elasticity defines the properties of material 
that undergoes stress, deforms, and then recovers and returns to its original shape after stress stops.  

To study the stability of cubic CdNNi3 and InNNi3 anti-perovskites, we have calculated the elastic constants at 
equilibrium lattice parameter within GGA and LSDA approaches, we have used the numerical first-principle calculation 
by computing the components of the stress tensor δ  for small stains, by means of the method developed by Charpin 
and integrated in WIEN2K code which has been applied successfully in previous works [37–39]. In the case of cubic 
system, there are three independent elastic constants, namely C11, C12, and C44 to totally characterize the mechanical 
properties, the mechanical stability criteria for a cubic crystal are, its three independent elastic constants should satisfy 
the following relations given by Born and Huang [40]; (C11-C12)> 0, C12> 0, C44> 0 and C11 +C12> 0 

The bulk modulus B is calculated using the following formula; 

 𝐵 = (஼భభିଶ஼భమ)ଷ  (1) 

After that, the most important mechanical parameters for cubic anti-perovskites, namely shear modulus G, 
Young’s modulus E, Poisson’s ratio σ and Lamé’s coefficients µ and λ, the anisotropy factor A, which are the main 
elastic moduli for applications, are calculated from the elastic constants of the single crystals using the following 
relations: 

 𝐺 = ஼ଵଵି஼ଵଶାଷ஼ସସହ , (2) 

 𝐸 = ଽ஻ீଷ஻ାீ, (3) 

 σ = ଷ஻ିா଺஻ , (4) 

 µ = ாଶ(ଵାఙ), (5) 
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 𝜆 = ஢ா(ଵା஢)(ଵି஢), (6) 

 𝐴 = ଶ஼ସସ(஼ଵଵି஼ଵଶ). (7) 

The computed values of the elastic constants for CdNNi3 and InNNi3 are given in Table 2. Till date, no 
experimental or theoretical data for CdNNi3 are available to be compared with our computed results. We remark that 
C11, C12 and C44 calculated using LSDA are higher than those calculated using GGA. Referring to Table 2, the values of 
B0 obtained from EOS fitting and elastic constants (B0= (C11+2C12)/3) are nearly same, which ensures that the 
computed elastic constants for CdNNi3 and InNNi3 are consistent. Moreover, this may be an approximation of the 
accuracy of our calculated elastic constants. Also from Table 2, we can compare our results against the Born-Huang 
criteria for stability, so our two compounds satisfy the Born-Huang criteria, so they are mechanically stable at normal 
conditions. The elastic constants for InNNi3 are compared with theoretical study done by Z.F. Hou [34] and we can note 
that our results are in good agreement. 
Table 2. Calculated elastic constants (C11, C12, C44 (GPa)), bulk modulus B0 (GPa), Young’s modulus E(GPa), Shear modulus 
G(GPa), Poisson’s ratio σ, and Lamé’s coefficients (λ and μ, in GPa) and anisotropy factor A for cubic anti-perovskites CdNNi3 and 
InNNi3 obtained with GGA and LSDA. Available theoretical results are quoted for comparison. 

CdNNi3 InNNi3 

 LSDA GGA LSDA GGA 

B0 235.85a ,236.45b 190.47a, 184.61b 231.66a,232.8b      176.77a,182.97b 
C11 399.42 258.60 412.60(356.77c)     310.97(274.08c) 
C12 157.47 147.62 142.89(164.23c)     116.97(131.20c)            
C44 84.94 41.49 61.72(69.06c)          71.71(60.01c) 
G 97.89 46.61 84.89 (79.24c)         80.61(64.35c) 
E 391.56 186.47 339.58(212.94c)     322.44(172.37c) 
б 0.22 0.33 0.25(0.34c)             0.20(0.33c) 
λ 194.50 244.61 225.49                   136.60 
μ 239.63 124.16 213.41                   194.48 
A 0.70 0.74 0.4577                   0.74 

aFrom Birch– Murnaghan's equation of state. 
bFromB0= (C11 +2C12)/3. 
cFrom ref. [34] 

The elastic anisotropy of crystals A has a significant interest in materials science in view of the fact that it is well 
correlated with the possibility to induce micro cracks in the materials. Isotropic crystal has an anisotropy factor equal to 
the unity, while any deviated value from 1 indicates anisotropy and this deviation is a measure of the degree of elastic 
anisotropy possessed by the crystal. The obtained values A are 0.45 for LSDA and 0.74 for GGA for CdNNi3 and 0.36 
for LSDA and 0.53 for GGA for InNNi3, which are smaller than 1, which indicates a strong elastic anisotropy of the 
two compounds. The anisotropy is strong within LSDA compared to GGA, so the anisotropy factor is sensitive to the 
potential exchange. 

Two other parameters are important for technological and engineering applications: Young’s modulus E and 
Poisson’s ratio σ. Young’s modulus is defined as the ratio of tensile stress to tensile strain. It is frequently used to give a 
measure of rigidity of a solid, i.e., the larger is the value of Young’s modulus, the rigid is the material. The calculated 
values for CdNNi3 for LSDA and GGA are 391 and 186 respectively, so the material is stiffest using LSDA than GGA. 

The value of Poisson’s ratio σ is related with the volume change throughout uniaxial deformation. It presents 
information about the characteristics of the bonding forces. The σ = 0.25 and 0.5 are the lower and upper limit for the 
central forces in solids, respectively [41]. The values of Poisson’s ratio σ obtained, suggest a considerable ionic 
contribution in intra-atomic bonding for these compounds. 

The shear modulus G represents the resistance to reversible deformation, while the bulk modulus B gives the 
resistance to fracture. Pugh’s index of ductility (B/G) allows us to know the ductile/brittle nature of a given material. 
The B/G critical value which separates ductile and brittle material is around 1.75 [42]. Our results show that the 
B/Gratio is 2.41 for LSDA and 3.91 for GGA for CdNNi3 and 2.74 for LSDA and 2.26 for GGA for InNNi3, which 
means that the two compounds are strong ductile. 

The calculated density ρ, longitudinal, transverse and average sound velocity yl, yt and ym and Debye temperature 
θD for the InNNi3 and CdNNi3 anti-perovskites using LSDA and GGA, are listed in Table 3. CdNNi3 shows lower 
velocities and Debye temperature in the GGA scheme comparing to LSDA approximation. 
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Table 3. Calculated density ρ (in g/cm3), longitudinal, transverse and average sound velocity (Vl, Vt and Vm, respectively, in m/s) 
calculated from polycrystalline elastic moduli, and Debye temperature (θD in K), calculated from the average sound velocity, for 
CdNNi3 and InNNi3 anti-perovskites 

  ρ Vm Vt Vl ΘD 

CdNNi3 GGA 2.45 5059 4358 10028 255.62 
 LSDA 2.66 7098.5 6055.3 11724 368.85 

InNNi3 GGA 2.42 6764.3 5761.5 10936 339.85 
 LSDA 2.61 6653.9 5692.5 11492 342.87 

 
3.2. Electronic properties 

In order to explore the electronic properties of CdNNi3 and InNNi3 cubic anti-perovskites at equilibrium volume, 
spin-polarized calculations have been performed.  We have studied the electronic properties of these two materials by 
the GGA and LSDA in order to compare between them.  We have shown the electronic properties including band 
structure and density of states. The spin-polarized band structures of CdNNi3 and InNNi3 are plotted in Figs. 2 and 3, at 
the equilibrium lattice parameter for LSDA and GGA approximations. As can be seen, the two compounds studied are 
metallic. There is not much different from the DOSs using GGA or LSDA. 

  
Figure 2. Spin-polarized band structures of CdNNi3 using LSDA and GGA approximations 

  
Figure 3. Spin-polarized band structures of InNNi3using LSDA and GGA approximations 

There is a total hybridization between the valence band and the conduction one; hence there is no band gap in the 
two materials. The nonexistence of the gap is a good indication of the presence of ionic bonding. This comes to confirm 
results obtained by elastic study. 

The spin polarization total and partial density of states (DOS), using LSDA and GGA, are calculated and plotted in 
Figs. 4 and 5. The perfect symmetry of the states of spin "up" and the states of spin "down" is due to the fact that the 
Cd, In, N and Ni atoms are non-magnetic. For CdNNi3 and for the two approaches LSDA and GGA, the bands between -
9.5 eV and -8.5 eV are mainly due to the contribution of Cd 4d states, the second region between -8.1 eV and -5 eV is 
hybridization between N 2p and Ni 3d orbitals. The same contribution is observed in the region between -4.3 eV and 
4 eV, and no contribution of Cd 4d states is seen in these two regions. This hybridization around Fermi level is 
responsible for the metallic behaviour observed in CdNNi3. For InNNi3, a different tendency can be noticed. The 
bandwidth in the lower part of the valence band (between -9 eV and -5.4 eV) is composed essentially from In 3d 
orbitals and N 2p states where the remaining part comes mostly from Ni 3d and some In 5p and N 2p states. 
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a b 

Figure 4. Total and partial density of States of CdNNi3 anti-perovskite. (a) LSDA approximation. (b) GGA approximation. 
Fermi level is set to zero 

 
 

a b 
Figure 5. Total and partial density of States of InNNi3 anti-perovskite. (a) LSDA approximation. (b) GGA approximation. 

Fermi level is set to zero 

3.1 Thermodynamic properties 
Exploration on the thermodynamic properties of solids is of great practical importance in engineering applications. 

In order to understand the thermodynamic properties of CdNNi3 and InNNi3 anti-perovskites under different 
temperatures and pressures, the quasi-harmonic Debye model as implemented in the Gibbs program [54] is applied. 
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The non-equilibrium Gibbs function G*(V, P, T) is giving by [43]: 

 𝐺∗(𝑉;𝑃,𝑇) = 𝐸(𝑉) + 𝑃𝑉 + 𝐴௩௜௕ሾ𝜃஽(𝑉),𝑇ሿ. (8) 

Where E(V) is the total energy per unit cell of the crystal. PV is the constant hydrostatic pressure condition, θD (V) the 
Debye temperature and Avib is the vibrational Helmholtz free energy, which can be written as [44, 45]: 

 𝐴௩௜௕(𝜃஽,𝑇) = 𝑛𝐾஻𝑇[ଽఏವ଼் + 3 ln ൬1 − 𝑒షഇವ೅ ° − 𝐷 ቀఏವ்ቁ൨. (9) 

Where n is the number of atoms per formula unit, KB is the Boltzmann’s constant and 𝐷 ቀఏವ்ቁ is the Debye integral. The 
Debye temperature θD for an isotropic solid is given as [45]: 

 𝜃஽ = ℏఏವ ቂ6𝜋ଶ𝑉భమ𝑛ቃభయ 𝑓(𝜎)ට஻ೞெ . (10) 

Where M is the molecular mass per unit cell and BS is the adiabatic bulk modulus, which is approximately given by the 
static compressibility; 

 𝐵௦ ≅ 𝐵(𝑉) = 𝑉 ௗమா(௏)ௗ௏మ . (11) 𝑓(𝜎)is given by Refs. [46, 47] and σ is the Poisson ratio. The non-equilibrium Gibbs function G* can be minimized with 
respect to the volume V as: 

 ቂడீ(௏,௉,்)డ௏ ቃ௉,் = 0. (12) 

By solving equation (12) we obtain the thermal equation of state (EOS) V (P, T). Thermodynamic quantities such 
as the heat capacities Cv (at constant volume), Cp (at constant pressure) and thermal expansion coefficient α, have been 
calculated by using the following relations [48]; 

 𝐶௏ = 3𝑛𝑘 ቈ4𝐷( ఏ்) − ଷఏ/்௘ ഇ೅షభ቉, (13) 

 𝐶௣ = 𝐶௏ (1 + 𝛼𝛾𝑇), (14) 

 𝛼 = ఊ஼ೇ ஻೅௏. (15) 

BT and 𝛾 are respectively the isothermal expansion coefficient and the Grüneisen parameter. Their formulas are given in 
reference [44]. 

Figures 6 (a) and (b) show the evolution of bulk modulus in terms of temperature of CdNNi3 and InNNi3 for different 
values of pressure using GGA approximation. From this figure, we can see that the bulk modulus decreases slowly at low 
temperature and then rapidly and linearly above 170 K linearly with increasing temperature at a given pressure. However, 
and at a given temperature, B increases with pressure. For T = 0K, B is minimal for 0 GPa and maximal for 30 GPa, it is 
evident that the impact of temperature and pressure on the bulk modulus of material are inverse. We can also notice that 
CdNNi3 is hardest than InNNi3. Also, in Figure 6 (c) and (d), we report the variation of bulk modulus versus pressure at 
different temperatures for the two compounds, we can see that B increase linearly with pressures. 

In Figure 7 (a) and (b), we give the variation of the lattice constant a0 as a function of temperatures for different 
pressures. We can notice that it stills constant until 170 K, after it increases linearly with temperature, however, a0 
decreases with increasing pressure (Fig. 7 (c) and (d). The tendencies are the same for the two compounds. 

The thermal expansion coefficient α was calculated to reflect the temperature dependence of the volume. The 
calculated thermal expansion coefficient of CdNNi3 and InNNi3 as a function of temperature and pressure is shown in 
Fig. 8 (a) and (b). It is clear that the thermal expansion coefficient α rapidly increases with Tup to 500 K and then it 
gradually tends to a linear increase for higher temperatures, this means that the temperature dependence of α is very 
small at high temperature. The increase of α with T becomes smaller as pressure increases (Fig. 8 (c) and (d)). The 
thermal expansion coefficients of the two anti-perovskites exhibit similar tendency but it is larger for InNNi3 comparing 
with CdNNi3. In conclusion, we have found that the effects of T and P on α are opposite 

The heat capacity Cv can be used to analyze vibrational properties of solids and can serve as a connection between 
microscopic structure and macroscopic thermodynamics property. Appropriately, the specific heat is the change in the 
internal energy per unit of temperature change. When we provide heat to a material, it will automatically cause an increase 
of temperature. This latter parameter provides us an insight into its vibrational properties’ mandatory for many 
applications. 
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Figure 6. The variation of the bulk modulus. (a) As function of temperature at different pressures for CdNNi3. (b) As function of 
temperature at different pressures for InNNi3. (c) As function of pressure at different temperatures for CdNNi3. (d) As function of 
pressure at different temperatures for InNNi3 
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Figure 7. The variation of lattice parameter. (a) as function of temperature at different pressures for CdNNi3. (b) as function of 
temperature at different pressures for InNNi3. (c) as function of pressure at different temperatures for CdNNi3. (d) as function of 
pressure at different temperatures for InNNi3 
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Figure 8. The variation of thermal expansion. (a) as function of temperature at different pressures for CdNNi3. (b) as function of 
temperature at different pressures for InNNi3. (c) as function of pressure at different temperatures for CdNNi3. (d) as function of 

pressure at different temperatures for InNNi3 
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Figure 9. The variation of heat capacity. (a) as function of temperature at different pressures for CdNNi3. (b) as function of 
temperature at different pressures for InNNi3. (c) as function of pressure at different temperatures for CdNNi3. (d) as function of 
pressure at different temperatures for InNNi3 
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We present in Fig. 9 (a) and (b), the variation of the heat capacity CV at constant volume versus temperature at 0, 
10, 20 and 30 GPa. The variation of CV for the investigated compound exhibits similar features for the two anti-
perovskites. It can be seen that CV shows a quick increase up to around 500 K, which is due to the anharmonic 
approximation. At higher temperature (>500 K), the anharmonic effect on Cv is suppressed, and Cv is close to the so-
called Dulong-Petit limit [49] at high temperature, which is reasonable to all solids at high temperature, signifying that 
the thermal energy at high temperature excites all phonon modes. In addition, Fig. 08 indicates that the heat capacity is 
not affected by the variation of the pressure since the curves are superposed. The two compounds CdNNi3 and InNNi3 
have similar values of heat capacity. 

The Debye temperature θD is an important parameter since it determines the thermal characteristics of materials. 
A higher θD implies a higher thermal conductivity and melting temperature. Fig. 10 (a) and (b) display the dependence 
of the Debye temperature θD on temperature at several fixed pressures using GGA approach. CdNNi3 has high Debye 
temperatures comparing to InNNi3. θD is almost constant from 0 to 200 K and decreases linearly with increasing 
temperature especially. The Debye temperature increases with the enhancement of pressure. Our calculated θD is 739 K 
for CdNNi3 and 710 K for InNNi3 at T= 0 K and P= 0 GPa. 
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Figure 10. Variations of Debye temperature. (a) as function of temperature at different pressures for CdNNi3. (b) as function of 
temperature at different pressures for InNNi3. (c) as function of pressure at different temperatures for CdNNi3. (d) as function of 

pressure at different temperatures for InNNi3 
 

3. CONCLUSIONS 
In summary, we have performed first principles calculations based on the FPLAPW method within the GGA and 

LSDA to calculate the structural, electronic and thermodynamic properties of CdNNi3 and InNNi3 cubic anti-
perovskites. The calculated equilibrium lattice constants of these compounds are in reasonable agreement with the 
available experimental data. We can see that our compounds are characterized by a high bulk modulus and show high 
stiffness, which make its very important for technological applications. In addition, the two compounds studied are 
metallic and non-magnetic which is in good agreement with experimental studies. Using the quasi-harmonic Debye 
model, we have obtained the pressure and temperature dependence of the bulk modulus, the heat capacity, Debye 
temperature, and thermal expansion coefficient of CdNNi3 and InNNi3. The two compounds CdNNi3 and InNNi3 have 
similar values of heat capacity and CdNNi3 has high Debye temperatures comparing to InNNi3.  
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ДОСЛІДЖЕННЯ ПРУЖНИХ, МАГНІТНИХ, ТЕРМОДИНАМІЧНИХ ТА ЕЛЕКТРОННИХ ВЛАСТИВОСТЕЙ 
КУБІЧНИХ АНТИПЕРОВСКІТІВ XNNi3 (X: Cd, In) 
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Теорія функціонала густини використовується для дослідження структурних, електронних, термодинамічних і магнітних 
властивостей кубічних антиперовскітів InNNi3 і CdNNi3. Пружні та електронні властивості були визначені за допомогою 
підходів узагальненої градієнтної апроксимації (GGA) та локальної спінової апроксимації (LSDA). Для вивчення теплових і 
вібраційних ефектів використовується квазігармонічна модель Дебая з використанням набору розрахунків повної енергії та 
об’єму. Результати показують, що дві сполуки є міцними пластичними та задовольняють критерії Борна-Хуанга, тому вони 
механічно стабільні за нормальних умов. Електронні властивості показують, що дві досліджувані сполуки є металевими та 
немагнітними. Було передбачено тепловий вплив на об’ємний модуль, теплоємність, теплове розширення та температуру 
Дебая. 
Ключові слова: антиперовскіти; структура електронної смуги; пружні константи; розрахунки перших принципів; 
термодинамічні властивості 


