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Abstract: A systematic study of thermal properties such asDibbye temperature and electronic specific heat
co-efficient have been carried out using the resaftab-initio studies of the electronic band structure and
related characteristics, for the Gu®mpound in two different phases, (cubic and aitbmbic phases) under
pressure using tight—binding linear muffin-tin dabimethod (TB-LMTO) within local density approxitian
(LDA). Apart from the electronic band structure atcuctural stability, the density of states (D@8&Y Fermi
energies (B are also calculated for various pressures. Theileded results are found to be in good agreement
with the available results in literature.
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Introduction and Computational details

Bither[1] reported for Cu$S a metallic behavior associated with a temperatumgependent
susceptibility and superconductivity(Tc<2.4K).A lot experimental work is available for Ci$egarding the
high-pressure structural phase transition [2].Caatjians have been carried outto study the struicphirase
transitions and the ground state properties of ,Gisthg the tight—binding linear muffin-tin orbitatethod.
Space group of CuySs Pa-3 (205) in cubic structure anBnnm (58) in orthorhombic structure.The band
structure calculations for Cuompound in both the structures have been capti¢dvithin the atomic sphere
approximation [3]. The density of states is caltedaby the method of tetrahedron [4]. The grouradest
properties were calculated for the lattice paramseteat correspond to the minimum of the electrionat
energy.

Result and Discussion

All the electronic properties such as thensity of states and energy bands of the cuticthe
orthorhombic phases of CuSvere computed for the equilibrium lattice paraengt The plots of total energy as
a function of cell volume for the cubic and thehorhombic phases of Cpe8e shown in Fig.1. There occurs a
structural phase transition from the cubic phaséht orthorhombic phase. We found that in the tloerm
dynamical condition, thecubic phase is more stalflecomparison of the calculated and experimerza|
lattice parameters of both the phases of qu8sented in Table.1 show a very good agreemeweketthem.
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The electronic bandstructure of the cubic phas€uf, along the high symmetry directions of the Brilloui
zone is displayed in Fig.2. From the bandstructigarly evident in the phase of the material thatf- bands
dominate in their conduction. The Fermi energiestt& cubic and the orthorhombic phases of Cu$
0.6138Ry and 0.5762Ry, respectively.The DOS ottl®c and the orthorhombic phases of Ca® presented
in Fig.3. The high DOS around- 5 evidently due to the strong pile up of the pd ah states in both the
phases of CuSand accounts for the structural stability. Thiewdated and experimental values [6]@f andy
are presented in Table 1. The Debye tempera@gg[(] and the electronic specific heat coefficiént[8] are

important parameters that are closely relatededhbrmal properties of materials.
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Figure 1. Total energy Vs volume for Cy$ various phases.
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Figure 2. Band structure of Cy&long symmetry direction in Cubic phase.

Table 1: Lattice constant (A), Bulk modulii@, Debye temperatur®() and Electronic specific heat

coefficient §) for CuS
CuS, Lattice constant A Bo 0o v
Present Expt. (GPa) Present | EXxpt. Present| Expt.
Cubic a=5.672 | a=5.790[1,2] 118.36 292 280[6] 4.60| 6.18 [6]
Orthorhombic | a=4.632 | a=4.651[5] 115.38 | 308 - 4.75 -
b=5.774 | b=5.793
c=3.513 | c=3.532
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Figure 3. Density of states at Fermi level for Gu Cubic and Orthorhombic phases
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Conclusions

The electronic bandstructure studies of €o&pound in the cubic and the orthorhombic phases a
carried out using the self-consistent tight bindimgear muffin-tin orbital method. From the totahexgy
calculations it can be seen that the cubic phaseoi® stable phase in the thermo dynamical comditive
density of states at the Fermi energy is foundetstbongly influenced by the p- states of sulphud, it is also
evident in the band structure results. The caledlaesults are observed to be in good agreemenht tiat
available results existing in the literature. Estiion of the Debye temperatur@y) and the electronic specific
heat coefficienty) have also been made for both thecubic and thedrdombic phase.
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