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Fig. 1. Unit cell structure.

#1 FREEN CaS BHEHH ao IR B, i
Wi 34 B’

Table 1. Lattice constant, elastic modulus and elastic
modulus of derivative of CaS under zero pressure and

zero temperature.

ag B B’
AR 5.645 67.8 4.06
SCHR [18] HHHEAE 5.598 65.2 4.1
SCHR [19] TR 5.6 65 4.2
SCHR [20] THEE 5.660 70
SCHR [21] TR 5.6899 62.9 4.72
ICHR [22] #EIRE 5.598 65.2 4.1
SCHR [23] SEBRAE 5.689 64 4.2
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Fig. 2. Pressure versus volume, energy versus volume:
(a) P-V; (b) E-V.
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Table 2. The eigenvalue of Ey; and E¢ in high sym-
metry point K of the first Brillouin zone of CaS (eV).

w L G X w K
CaS Ey/eV —1.360 —1.310 0 —0.832 —1.357 —1.374
Ec/eV 5330 5.097 4.939 2435 5.506 4.706
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Fig. 3. Band structure and the total density of states of CaS.
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(PDOS) of CaS.
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volume V' /Vj of cubic CaS at different temperatures.
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Abstract

First-principles calculations of the electronic structure and thermodynamic properties of calcium sulfide (CaS) have
been carried out by the plane-wave pseudopotential density functional theory method. The calculated values of lattice
constant, elastic modulus and its derivative for CaS under zero pressure and zero temperature, agree well with the
experimental data and some of the existing model calculations. The band structure and density of states are discussed
in detail. Moreover, the dependences of the volume variation, bulk elastic modulus, thermal expansion coefficient and
heat capacity on pressure have been investigated for the first time, so far as we know. It is concluded that under the
condition of zero temperature (0 K) and zero pressure (0 GPa), the volume is 44.6 A% when the energy of the crystal
unit cell reaches a minimum in the structural model of CaS, which is the most stable system. The energy band of CaS
is mainly composed of low band gap, valence band and conduction band, the Gyv-X¢ band gap of CaS is 2.435 eV. The
DOS results show that the valence band is mainly of Ca 3s and S 3p, while the conduction band is mainly of Ca 4d
and a small amount of S 3p. At a certain temperature, the volume change rate, heat capacity and thermal expansion
coefficient decrease with rising pressure, and the body elastic modulus B increases simultaneously. In contrast, when
the pressure is constant, the volume change rate and body elastic modulus B decrease with the increase of temperature,
while the thermal expansion coefficient and heat capacity increase as the temperature rises. When the temperature is
higher than a certain value, the heat capacity Cv is close to the Dulong-Petit limit, and the effect of temperature on the
heat capacity is minimal. Furthermore, under the condition of low pressures, the influence of temperature on thermal

expansion coefficient is greater than that of the pressure on it.
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PACS: 71.15.Mb, 62.50.-p, 65.60.4-a DOI: 10.7498/aps.65.027101

* Project supported by the National Natural Science Foundation of China (Grant No. 21076131).

1 Corresponding author. E-mail: liudj@scu.edu.cn

027101-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.027101

	1引 言
	2理论和计算方法
	2.1 计算方法
	2.2 热力学性质

	3计算结果与讨论
	3.1 晶体结构
	Fig 1
	Table 1
	Fig 2

	3.2 电子结构
	Table 2
	Fig 3
	Fig 4

	3.3 热力学性质
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9


	4结 论
	References
	Abstract

