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Abstract: ab İnitio calculations have been performed to study the structural, electronic, elastic, mechanical, thermodynamical and 
phonon properties of LuS and LuTe with the generalized gradient approximation for exchange and correlation. The calculated lattice 
constants, bulk modulus, its pressure derivative and elastic constants are calculated.  The calculated values of lattice constant are in good 
agreement with the experimental and theoretical results. The elastic constants have been derived from the slopes of the acouistic branches in 
the phonon dispersion-curves. The electronic band structure and, total and partial density of states of these compounds have been computed 
and analysed. The phonon dispersions curves of LuSe and LuTe for B2 phase are computed using density functional perturbation theory 
(DFPT) with generalized gradient (GGA) approximations. We also used the quasiharmonic approximation to calculate some thermodynamic 
properties such as constant-volume specific heat capacity of the B2 phase of LuS and LuTe compounds. 
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1. Introduction 
Lu atom is the heavy and last member of lanthanide series, with 

completely filled f shall, it is important to observe its electronic and 
elastic properties in the intermetallic form with the other transition 
metal elements. At ambient condition, LuS, LuSe and LuTe 
compounds crystallized in B1 structure with space group symmetry 
Fm3m (225). These compounds are expected to undergo pressure-
induced first order phase transition to B2 structure with space group 
symmetry Pm3 m (221). The crystal structure and the 
superconducting behaviour in the NaCl-phase in LuX compounds 
have been studied experimentally [1]. Seddik et. al. [2] studied 
structural phase transformation and mechanical properties of NaCl 
type (B1) structure in Lutetium chalcogenides (LuX: X=S, Se, Te) 
by means of the full-potential augmented plane wave plus local 
orbitals (FP-APW+lo) method. These authors have predicted B1-B2 
sturctural phase transition in the pressure range from 12 to 52 GPa, 
and also reported the calculated values of elastic properties for these 
LuS, LuSe and LeTe compounds. The cohesive energies, pressure-
volume relationship, phase transition pressure and elastic constants 
for lutetium chalcogenides (LuX, X: S, Se, Te) have been 
investigated using an interionic potential theory with modified ionic 
charge which includes Coulomb screening effect due to f-electrons 
by Sahu1 et. al. [3].  

2. Computational Methods  
The Quantum-ESPRESSO software package [4] is used in the 
present calculations based on DFT [5, 6]. Ultrasoft pseudopotentials 
were used, and the cut-off energy for the plane wave basis set was 
40 Ry.  The electronic exchange-correlation energy was treated 
under generalized gradient approximation (GGA) parameterized by 
Perdew–Burke–Ernzerhof [7]. Self-consistent solutions of Khon–
Sham equations were obtained by employing a set of 60 k-points 
within the irreducible part of the Brillouin zone. Eight dynamical 
matrices were calculated on a 4×4×4 q-point mesh to obtain 
complete phonon dispersions and vibrational density of states. The 
dynamical matrices at the arbitrary wave vectors were evaluated 
using the Fourier deconvolution on this mesh. Specific heat at 
constant volume versus temperature was calculated using the quasi-
harmonic approximation (QHA) [8]. 

Elastic constants were obtained by calculating the total 
energy as a function of volume-conserving strains that break the 
cubic symmetry. Bulk modulus B, C44, and shear modulus c = (C11-
C12)/2 were calculated from hydrostatic pressure e = (δ, δ, δ, 0, 0, 
0), tri-axial shear strain e = (0, 0, 0, δ, δ, δ) and volume-conserving 

orthorhombic strain e = (δ, δ, (1+δ)−2-1, 0, 0, 0), respectively [9]. 
Hence, B was obtained from  

∆𝐸
𝑉 =

9
2𝐵δ

2                                                                          (1) 

where V is the volume of unstrained lattice cell, and ΔE is the 
energy variation as a result of an applied strain with vector e = (e1, 
e2, e3, e4, e5, e6). The shear modulus c is  

∆𝐸
𝑉 = 6𝐶′δ2 + 𝑂δ3                                                             (2) 

The two expressions above yield C11= (3B + 4c)/3, C12= (3B – 
2c)/3, and C44 is given by 

∆𝐸
𝑉 =

3
2𝐶44δ

2                                                                    (3) 

The details on the calculation of elastic constants have been 
described in early papers [10].  

3. Results and Discussion  
The ground state properties of LuSe and LuTe have been studied 
using their calculated total energies. The calculated total energies 
were fitted to the Murnaghan equation of state [11] to obtain 
equilibrium lattice constant and other structural properties. The 
calculated elastic constants C11, C12, C44, bulk modulus and shear 
modulus are also quoted in Table 1. In view on this table, one can 
notice that the unidirectional elastic constant C11 is much higher 
than the C44 indicating that these compounds present weaker 
resistance to pure shear deformation compared to resistance to 
unidirectional compression. The traditional mechanical stability 
conditions of the elastic constants in cubic crystals are known to be 
C44 > 0, C11 > 0 and C11 > C12. Our results for elastic constants in 
Table 1 satisfy these stability conditions meaning that the herein 
studied compounds are elastically stable. The calculated structural 
parameters and elastic constants of LuSe and LuTe are listed in 
Table 1. The electronic band structures of LuSe and LuTe are 
obtained using the generalized gradient approximation (GGA) along 
the higher symmetry direction, and are shown in Fig. 1.  
 
 
Phonon dispersion curves, including the partial and total density of 
states for LuSe and LuTe, along the high-symmetry directions are 
shown in Fig. 2. The primitive cell of LuSe and LuTe contains two 
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atoms, leading to total 6-phonon branches. There are two acoustic 
and two optical modes along the principal symmetry directions X 
and M due to degeneracy of the transverse modes in both acoustic 
and optical modes. We did not observe any imaginary phonon 
frequency for any of modes for both compounds. This supports the 
dynamical stability of both compounds. From partial density of 
states, it can be inferred that the vibration modes are mostly excited 
by Se (Te) atoms in high frequencies, while Lu contribute a major 
part to the modes with lower frequencies. The zone-centered optic 
phonon modes are found as 2.52 THz for LuSe and at 2.89 THz for 
LuTe. 

Temperature dependence of the constant-volume specific heat CV 
for the LuSe and LuTe in the L12 structure is determined within the 
quasi-harmonic approximation based on the calculated phonon 
dispersion relations and depicted in Fig. 3. It is found that at low 
temperature CV increases rapidly with increasing temperature, while 
at high temperature, for both compounds, it approaches the classical 
asymptotic Dulong-Petit limit [12] value of 6R, where R is the 
perfect gas constant (R = 8.3145 Jmol-1). 

 

 
Figure 2. Phonon dispersion curves and total and partial density of 

states (see right panel) for LuSe and LuTe. 

 

 

 
Figure 3. The specific heats at constant pressure versus temperature for 

LuSe and LuTe. 

 

Table 1 Calculated lattice constants (in Å), bulk modulus, pressure 
derivative of the bulk modulus and second order elastic constants (all in 
GPa) for LuSe and LuTe. 

 

 

4. Conclusion 
The structural, electronic, elastic, mechanical, 

thermodynamically and phonon properties of LuS and LuTe in B 
phase were evaluated from first principles. The predicted lattice 
constant and bulk modulus of these compounds are in good 
agreement with theoretical results. We also calculate the phonon 
frequencies along high-symmetry directions. Finally, using the 
calculated phonon density of states, the specific heat at constant 
volume versus temperature was determined within QHA. 
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Fig. 1  Electronic band structure for LuSe and LuTe 
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