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Abstract: The structure, electronic, elastic and vibrational properties of the Cu2TMAl (TM=Sc, Ti, Cr) Heusler compounds have been 
investigated in detail by employing an ab initio pseudopotential method and a direct method within a generalized gradient approximation 
(GGA-PBE) of the density-functional theory (DFT) scheme. Calculated lattice parameter values are in excellent agreement with recent 
experiments. In the present study, Cu2ScAl and Cu2TiAl does not show any magnetic moments, whereas the Cu2CrAl has magnetic moment of 
2.95 µB per formula unit. From electronic band structures we have found that these compounds have a metallic nature. The elastic constants 
Cij are computed using the total energy variation versus strain technique. The calculated elastic constants and bulk modulus are reported 
and compared with earlier available theoretical calculations. Phonon frequency for Cu2TMAl (TM=Sc, Ti, Cr) Heusler compounds have 
been computed and plotted along with high symmetry directions. 
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1. Introduction 
The Heusler compounds are ternary intermetallics with a 2:1:1 

stoichiometry and the chemical formula X2YZ. They consist of two 
transition metals (X, Y) and a main group element (Z). In a half-
metallic ferromagnet the minority band is semiconducting with a 
gap at the Fermi level, implying complete spin polarization at the 
Fermi surface. Recently, several groups have studied the structural, 
elastic and electronic properties of Cu2TMAl (TM=Sc, Ti, Cr, Hf, 
Zr) Heusler alloys employing different theoretical and experimental 
methods [1-5], and this has helped to increase the literature 
available for these alloys. Theoretically, Pang et al. [1] have 
calculated the structural, electronic and elastic properties of 
Cu2TMAl (TM=Sc, Ti, Cr) compounds in the pressure range of 0-
100 GPa, using the Cambridge serial total energy package 
(CASTEP) code. The electronic properties of Cu2TiAl have been 
studied using the projected augmented-wave method [5].  The aim 
of this paper is to provide a comparative study of the structural, 
elastic, electronic and phonon properties of Cu2TMAl (TM=Sc, Ti, 
Cr) Heusler compounds, using the density functional theory.  

2. Computational Methods  
To perform the calculations, we have used density-functional 

theory (DFT) as implemented in the code MedeA-Vasp [6, 7]. 
Exchange-correlation effects were described through the 
generalized gradient approximation, within the Perdew-Burke-
Ernzerhof (PBE) [8] formalism. With the electronic self-consistency 
threshold of 10-5 eV/cell, relaxation proceeded until forces on atoms 
became smaller than 0.02 eV/Å. For the calculation of elastic 
constants, the elastic tensor is determined by performing finite 
distortions of the lattice and deriving the elastic constants from the 
strain–stress relationship.The phonon dispersion relations were 
obtained using Phonon code [9].  

3. Results and Discussion  
Table 1 summarizes all theoretically and experimentally 

convergence parameters (Ecut and k-point) and lattice constant (a0) 
of Cu2TMAl (TM=Sc, Ti, Cr). In general, our results are in good 
agreement with experiments and previous theoretical calculations. It 
is observed that the lattice constant of Cu2TMAl (TM=Sc, Ti, Cr) 
increases with increasing atomic radius of the TM atom. 

The calculated values of elastic constants and Bulk modulus are  
given in Table 2 along with the available experimental and 
theoretical results [1] and [3]. The calculated bulk modulus agree 
well with previous theoretical [1] report for the compounds of 
interest. Our calculated elastic constants satisfy the cubic stability 
conditions, meaning that C12 < B < C11 .  

 

Table 1: Calculated convergence parameters (Ecut, k-point) and lattice 
constants (ao) for Cu2TMAl (TM=Sc, Ti, Cr) alloys. 

 Cu2ScAl Cu2TiAl Cu2CrAl 

Ecut(eV) 344 360 360 

k-point 5x5x
5 

6x6x6 7x7x7 

 

 a0 

(Å) 

This work 6.211 6.033 5.943 

Experiment [3] 6.199 6.01 5.509 

other  [1] 6.243 6.053 5.891 

 

Table 2: The calculated elastic constants Cij (in GPa) and  Bulk modulus (in 
GPa). 

 

  C11 

(GPa)  
C12 

(GPa) 
C44 

(GPa) 
  B 
(GPa)  

Cu2ScAl This 
work 
other 
[1] 

136.22 

155.252  

97.30 

78.727  

86.14 

75.987  

110.27 

104.235  

Cu2TiAl This 
work  

other 
[1] 

153.87 

144.486  

121.99 

124.338  

106.28 

97.943  

132.62 

131.054  

Cu2CrAl This 
work  

other 
[1] 

157.02 

142.944  

120.83 

145.874  

110.20 

105.331  

132.89 

144.898 
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Using the optimized lattice constants, spin polarized 
calculations on the electronic and magnetic properties of Cu2TMAl 
(TM=Sc, Ti, Cr) have been performed. Total magnetic moment was 
calculated to be 2.95 µB for Cu2CrAl .The results for the electronic 
spectra are in good agreement with the existing calculations 
reported in the literature [1]. Fig. 1 displays the spin resolved 
electronic band structure  and  total density of states of  Cu2TMAl 
(TM=Sc, Ti, Cr). Fig. 1  is evident the metallic character of these 
considered Cu2TMAl (TM=Sc, Ti, Cr) alloys because of the finite 
density of states  at the Fermi level. 

Since the unit cell contains four atoms, there are 12 vibrational 
phonon modes for any chosen q point. However, transverse 
branches are degenerate along certain high-symmetry directions. 
For  Cu2TiAl and Cu2CrAl, gaps exist between optical and optical 
phonon branches. The absence of any imaginary or negative 
vibrational mode confirms its dynamical stability.  

4. Conclusion 
The band structure and density of states histograms are plotted 

which reveal the metallic nature for all the three compounds. The 
calculated elastic constants satisfy the mechanical stability 
criterion.The phonon frequencies in several lines of high symmetry 
of the Brillouin zone, were obtained and discussed.  
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Fig. 1 The spin resolved electronic band structure  and  total density of 
states of  Cu2TMAl (TM=Sc, Ti, Cr). Solid red and blue lines are 
corresponding to spin up and down states, respectively. 
 

 

Fig. 2 Calculated phonon dispersions of Cu2TMAl (TM=Sc, Ti, Cr). 
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