
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Structural and magnetic properties CuAl1-xCrxS2
alloys
To cite this article: C Ortega López et al 2016 J. Phys.: Conf. Ser. 687 012051

 

View the article online for updates and enhancements.

You may also like
The bioengineering of perfusable
endocrine tissue with anastomosable
blood vessels
Hiroki Yago, Jun Homma, Hidekazu
Sekine et al.

-

A 3D bioprinted hybrid encapsulation
system for delivery of human pluripotent
stem cell-derived pancreatic islet-like
aggregates
Dong Gyu Hwang, Yeonggwon Jo,
Myungji Kim et al.

-

Economic 3D-printing approach for
transplantation of human stem cell-derived
-like cells
Jiwon Song and Jeffrey R Millman

-

This content was downloaded from IP address 18.117.72.224 on 04/05/2024 at 15:41

https://doi.org/10.1088/1742-6596/687/1/012051
https://iopscience.iop.org/article/10.1088/1758-5090/ace9fc
https://iopscience.iop.org/article/10.1088/1758-5090/ace9fc
https://iopscience.iop.org/article/10.1088/1758-5090/ace9fc
https://iopscience.iop.org/article/10.1088/1758-5090/ac23ac
https://iopscience.iop.org/article/10.1088/1758-5090/ac23ac
https://iopscience.iop.org/article/10.1088/1758-5090/ac23ac
https://iopscience.iop.org/article/10.1088/1758-5090/ac23ac
https://iopscience.iop.org/article/10.1088/1758-5090/9/1/015002
https://iopscience.iop.org/article/10.1088/1758-5090/9/1/015002
https://iopscience.iop.org/article/10.1088/1758-5090/9/1/015002
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst1ImzB5UiuPdLZqBIpjzYxGZGAL37p1izdas15FmGRnju6BA7fPqq4OhnfD07wGAxTL1BVRPYu_97Z3WPb4Fag5Hhd_Kdu2ZpdM3ZPOjEz4TjCqztSzIScek-E5XQ6A5BlrVaWAe3R75Ta53053HqOrE8ZkD17gwKvBk3fP2UuIwwwHWodL8vJn1gSeJcynIwR-9djsMc0dW04R-DKYp7BG_U5-PMA0IAabLkXbEhSVdnh_5NSrJGLzZBFJ2zLsdSq4eFyecL05wg42_ywfYQQiFxD6OBf3DoRp-VdGlq6WRUfNik-zBr20j629HgfkXOzfDO6JhVebQFkLneR8PTxlsXPRw&sig=Cg0ArKJSzGH-8za7dS1e&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Structural and magnetic properties CuAl1-xCrxS2 alloys 

C Ortega López, G Casiano Jiménez1 and M J Espitia2 

1 Universidad de Córdoba, Montería, Colombia. 
2 Universidad Distrital Francisco José de Caldas, Bogotá, Colombia. 
 
E-mail: cortegal@unicor.edu.co 
 
Abstract. In this paper computational calculations were performed based on the density 
functional theory DFT, to investigate the structural, electronic and magnetic properties of 
CuAl1-xCrxS2 (x=0.0, 0.50 and 1.00) alloys. Pseudopotential method was used, as is 
implemented in the Quantum-Espresso code. We found that the alloys crystallize in a 
tetragonal structure belonging to space group 122 (I-42d) with lattice constants a=5.290Å, 
c=10.378Å for x=0.5 and a=5.283Å, c=10.366Å for x=1.00. These values are in good 
agreement with experimental results. Additionally, we found that the alloys possess an 
antiferromagnetic behaviour with magnetic moments 4,20μβ/cell and 4,05μβ/cell, respectively. 
From the analysis of the density of states, it is clear that the alloys have a half-metallic 
behaviour due to the Cr-d and Cu-d states crossing the Fermi level. This compounds can be 
used in spintronic. 

1.  Introduction 
The I-III-VI2 chalcopyrite compounds were I=Cu; III=Al, Ga, In; and VI=S, Se, the have been 
attracting considerable attention due to their potential applications in solar-cells, detectors, light-
emitting diodes, optoelectronic and nonlinear laser devices applications. Among the I-III-VI2 
chalcopyrite semiconductors, CuAlS2 compounds have a wide direct band gap around 3.49eV that 
useful for ultraviolet absorption [1-8]. This is a typical example of the chalcopyrite structure, space 
group I-42d with four formula units per one unit cell, which is a ternary analog of the diamond 
structure and essentially a superlattice o superstructure of zinc blende. Like the atoms in diamond and 
zinc blende structure, each constituent in these ternary compounds, is tetrahedrally coordinated to four 
neighbors atoms: every metal ion is coordinated by four sulphur ions, every sulphur ion has two Al y 
two Cu nearest neighbors (see Figure 2(a)). In this paper we study the structural and electronics 
properties of CuAl1-xCrxS2 (x=0.0, 0.50 and 1.00) alloys, due of possible applications in diluted 
magnetic semiconductors, spin injectors and other spintronics applications. 

2.  Computational method 
Calculations were performed using periodic density functional theory (DFT), such as is implemented 
in the plane-wave self-consistent field (PWscf) code in the Quantum ESPRESSO package [9]. The 
exchange and correlation energies were modelled according to the generalized gradient approximation 
(GGA) with the Perdew Burke Ernzerhof (PBE) gradient-corrected functional [10]. Electron–ion 
interactions were treated with the pseudopotential method [11,12]. The electron wave functions were 
expanded into plane waves with a kinetic-energy cutoff of 40Ry. For the charge density, a kinetic 
energy cutoff of 400Ry was used. A 6×6×3 Monkhorst-Pack mesh [13] was used to generate the k-
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points in the supercell. To calculate the lattice constant, the bulk modulus and the total energy of each 
studied compound, the calculated data are fitted with the Murnaghan equation of state [14], equation 
(1). 
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Where B0 is the bulk modulus and its first derivative is B’

0, V0 is the equilibrium volume of the cell, 
and E0 is the binding energy. 

3.  Results and discussions 

3.1.  Structural properties 
In order to investigate the structural properties of CuAl1-xCrxS2 alloys (x=0.0, 0.50 and 1.00), the total 
energies of different compounds as functions of volume have been calculated in both ferromagnetic 
(FM) and antiferromagnetic (AFM) states and fitted by Murnaghan’s equation of state equation (1). 
For x=0.0, namely, the CuAlS2 not have magnetics properties. In the CuAl0.50Cr0.50S2 and CuCrS2 
alloys, the relative stability of the FM phase with respect to the AFM one has been investigated using 
various AFM structures to obtain the most stable AFM structure. For these purpose, the supercells of 
1x1x2 were used to get even numbers of Cr atom for switching spin state up and down. 

The calculated total energy differences between the FM and AFM states (E=EAFM-EFM) are about -
0.075eV and -0.008eV for the CuAl0.50Cr0.50S2 and CuCrS2 alloys, respectively. For the two cases, the 
AFM states are more favourable in energy than FM states. The Figure 1 shows the total energy-
volume curves for three alloys. 

 

 
Figure 1. Total energy as a function of the volume: (a) CuAlS2, (b) CuAl0.50Cr0.50S2 and (c) 
CuCrS2. 

 
Table 1. Structural parameters: lattice constants (a0) and (c), bulk modulus (B0), total energy (E0) 
and magnetic moment. 

compound a0 (Å) c (Å) B0 (GPa) E0 (eV) µ (µβ ) 
CuAlS2 5.338 5.334a 10.391 10.444a 165.31 -4765.769 0.0 0.0a 

CuAl0.50Cr0.50S2 5.290 5.312a 10.378 10.389a 155.23 -3481.331 ̴ 4.20 4.10a 

CuCrS2 5.283 - 10.366 - 155.60 -4580.122 ̴ 4.05 3.90a 

a Experimental reference [15].   
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The calculated volume parameters including equilibrium lattice constant, bulk modulus B0, total 
energy E0 in AFM phase and magnetic moments, for all alloys are listed in Table 1, our results are 
compared with experimental values reported in reference [15]. The calculated lattices constant is good 
agreement with values reported experimentally, since it differs by less than one percent. 

The Figure 1 shows that the alloys are stable or metastable due there are a minimum energy in the 
corresponding curve. The Figures 2 show the crystal structure of the alloys CuAl1-xCrxS2 (x=0.0, 0.50 
and 1.00) obtained after structural relaxation. In all cases, the space group obtained is the same, the 
tetragonal structure 122 (I-42d). 

 

 
(a) (b) (c) 

Figure 2. Unit cell of the alloys: (a) CuAlS2, (b) CuAl0.50Cr0.50S2 
and (c) CuCrS2 after structural relaxation. 

3.2.  Electronic properties 
The Figures 3(a), 3(b) and 3(c) shows the total density of states (TDOS) and partial density of states 
(PDOS) of the orbitals that more contribute near the Fermi level of the alloys CuAl1-xCrxS2 (x=0.0, 
0.50 and 1.00), respectively. The calculations were performed with spin polarization up and down. 
The Figure 3(a) confirm the semiconductor nature of CuAlS2 with a forbidden energy gap of   ̴2.0 eV, 
The magnitude of this gap is smaller than the experimentally reported for CuAlS2 in chalcopyrite 
structure ( ̴3.5eV), this occurs because the GGA approximation underestimates the forbidden energy 
gap in semiconductors. The Figures 3(b) and 3(c) shows the total and partial spin-polarized density of 
states of the CuAl0.50Cr0.50S2 and CuCrS2 alloys. Due to the introduction of the Cr atoms in the structure 
of CuAlS2, it loses its semiconductor nature, there are a penetration towards prohibited energy zone of 
the states Cr-d in greater proportion and the states Cu-d and S-p minor proportion, therefore, the 
allowed ternary compounds has half-metallic behavior determined by such states. These last two 
alloys have magnetic behavior with magnetic moments of 4.20 and 4.05µβ respectively. 
 

 
Figure 3. Total and partial density of state of (a) CuAlS2, (b) CuAl0.50Cr0.50S2 and (c) CuCrS2 in the 
chalcopyrite structure. 
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4.  Conclusion 
We executed a study of the alloys CuAl1-xCrxS2 (x=0.0, 0.50 and 1.00) using the Density Functional 
Theory (DFT) in the frame pseudopotential. The calculated lattices constant calculated are good 
agreement with values reported experimentally, since it differs by less than one percent. The density 
states study reveal that due to the introduction of the Cr atoms in the structure of CuAlS2, it loses its 
semiconductor nature, there are a penetration towards prohibited energy zone of the states Cr-d in 
greater proportion and the states Cu-d and S-p minor proportion, the alloys CuAl0.50Cr0.50S2 and 
CuCrS2 have a magnetic moment of 4.20 and 4.05µβ respectively, these properties show that the alloys 
are good candidates for possible applications in diluted magnetic semiconductors, spin injectors, and 
other spintronics applications. 
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