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This work studies the structure, electronic and optical properties of zinc blende ZnS by the 

use of the density functional theory (DFT) on the implemented in CASTEP code. In the 

generalized gradient approximation (GGA-PBESOL) and in the local density 

approximation (LDA) and, the exchange–correlation energy and band gap energies were 

measured. The estimated outcomes lattice constant, bulk modulus elastic constant agrees 

very well with the existing experiments and theories of data in structural optimization. Our 

calculated, direct band gap 2.23eV for LDA and 2.078eV for GGA, at the G point, agrees 

very Weill with the experiments. Also, we have measured the total (DOS) and partial 

(PDOS) densities of states. Furthermore, the absorption coefficient outcome is discussed 

in different incident phonon energies which was compared to the available experimental 

data. 
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1. Introduction 
 

 

Recently, the future II-VI semiconductor binaries and alloys in photonic, optoelectronic, 

and spintronic uses have attracted much attention[1-3].Zinc sulfide (ZnS) is a significant 

semiconductor with outstanding chemical and physical features. It could benefit Optical coatings, 

solid-state solar window layers, electro optic modulators, photoconductors, field effect transistors, 

optical sensors, photo catalysts, and other light emitting materials. ZnS crystallizes in the 

hexagonal wurtzite (WZ) and face-centered cubic zinc blende (ZB) phases, according to reports. 

The band gap of ZnS is 3.50 eV for WZ structure and 3.82 eV  for ZB structures[4]. It defect-

centered and self-activated luminescence's make ZnS emissions usually green and blue 

bands[5].The capacity of ZnS to have a higher energy of exciton binding (40 MeV) than that of the 

thermal energy allows it to produce light at ambient temperature [6]. The lattice parameters for 

sphalerites (zinc blende) are a=b=c=5.4093Å, α=β=γ=90°, cell volume = 158.279Å3 as given in 

the experimental result of Skinner [7]. Sphalerites Zinc Sulphide (ZnS) has cubic structure with    

Z = 4 and space group name F-43m and space group number 216, sphalerite ZnS has a face 

centered cubic (FCC) lattice structure. Its atoms have the coordinates of 𝑇𝑑
2 − 𝐹4̅3𝑚 [8].The 

density-functional potential deficiencies for describing the semiconductors have been accused for 

the band gap theoretical underestimating of ZnS [9,10]. Besides getting the structural, electronic 

and optical proper- ties, our obtained results are compared with Ref. [11]. Zakharov et al. utilized 

the pseudo potential methods and modified the d-characters in the valence band maximum (VBM) 

by the addition of a small value of attractive potentials in non-local d channel of the Zn pseudo 

potential for fitting the experimental positions[12]. The objective of this work is to study some 

properties of ZnS compound in preparation for knowing the possibility of using this compound, 

First, Study the electronic features of ZnS compound, then found  a value for some electronic 

features including the energy band gap, lattice constant, elastic constant and optical properties such 

as absorption and comparing it with other experimental and theoretical results, in the next part we 

found and studied the entire and partial state densities in the characteristics that were studied 

before and also compared with the experimental and theoretical results. 
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2. Method of calculation  
 

All measurements were conducted with the Cambridge serial total energy package 

(CASTEP) code. These measurements were performed  according to the density functional theory 

(DFT) using the method of a plane-wave ultra-soft pseudo potential (USP) [13]. In a Kohn–Sham 

computation, the approximate functional used to determine exchange-correlation energy (𝐸𝑥𝑐) has 

a significant impact on the correctness of the final findings. To get a rough estimate of𝐸𝑥𝑐 , the 

exchange-correlation functional in the standard local density approximation (LDA) approach can 

be manipulated[14]. However the inhomogeneous electron densities in solids  and the slow 

valence electron density fluctuations with space makes the use of the generalized gradient 

approximation (GGA) in the PBESOL scheme for computing electronic and optical characteristics 

a superior method to determining 𝐸𝑥𝑐[15,16] In this work using energy cutoff (350 eV), rounding 

was used LDA - CAPZ, to measure the correlation-exchange energy a pseudo potentials is used to 

explain the interactions of electrons with the nuclei of ions, we used ultra-soft. The grid parameters 

were 6 × 6 × 6 k-point set distributed uniformly in the Brillion region, and the relative treatment 

was Koelling-Harmon, The atomic calculation calculated for Zn and S are:  (Zn: 3s² 3p⁴ ), (S: 3d¹º 

4s²). And also used (394.6 eV) cutoff energy using GGA - PBESOL to treat the interaction of 

electrons with ions of the nuclei. And the correlation-exchange energy a pseudo potentials was 

OTEG ultra soft. The grid parameters were 1 × 1 × 1 k-point set in the Brillion region, The atomic 

calculation calculated in the program for Zn and S are (Zn: 1s² 2s² 2p⁶3s² 3p⁶ 3d¹º 4s²), (S: 1s² 2s² 

2p⁶ 3s² 3p⁴). 

 

 
3. Result and discussion  

 

3.1. Structural properties  

Zinc sulphide (ZnS) is a group II-VI compounds that crystallizes in zinc blende (space 

group: 216/F43m).The atomic sites of Zn and S are (0, 0, 0) and (1/4, 1/4, 1/4) in the primitive unit 

cells respectively. Figure 1 shows the crystal symmetries of the compounds under study and their 

computed structural parameters. However, the results from the literature experiments literature and 

those of our study are in Table 1. The equilibrium lattice constant results, the bulk modulus, and its 

pressure derivative are calculated by fitting the outcome data of the equilibrium energy and 

volume to the 2
nd

order Murnaghan’s equation of state(EOS) [17]. The obtained outcomes reveal 

that our calculations are reasonable. 

 

𝐸(𝑉) = 𝐸0 +
𝐵0𝑉

𝐵0
̀

[
(

𝑉0

𝑉
)�̀�

𝐵0 − 1
+ 1] −

𝐵0𝑉0

𝐵0
̀ − 1

                                                            (1) 

 

In the above equations, 𝐵0 is the volumetric modulus, 𝐵0
̀ is itsfirst derivative in terms of 

pressure, 𝑉0stands the equilibrium volume at 0 temperature, and E0 is the structure's equilibrium 

energy .After the investigation of structural properties of ZnS are found in good agreement with 

the experimental data. This indicates that the use of approximations (LDA and GGA) in structural 

calculations was good, except for a very small difference in bulk modules and volumes. 
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Fig. 1.Zinc-blende ZnS compound crystal structure. 

 

 

Table 1.Values of lattice constant, bulk modulus and cell volume for ZnS. 

 

Compound  present work Experimental work Other theoretical work 

LDA GGA [18] [19] [20] [21] 

 

ZnS 
ɑ (Å) 5.3 5.4 5.41 5.41 5.33 5.44 

B(GPa) 93.8 61.6 75.00 76.9 83.16 81.30 

V(Å³) 148 162 154.05[22]  161.99[1]  

 

 

3.2. Elastic constants 
The ZnS three free elastic constants are C11, C12 and C44 defining the mechanical the 

material stability. They are often inferred by measuring the total energy which represents the 

elastic features of the crystal. We can get any stability condition of the cubic crystal through: (2). 

 
C11‒ C12> 0, C11 + 2C12 > 0 ,C44> 0                                                                (2) 

 

C11 > |C12|  are the first condition while the first and second indicate that C11 > 0. The 

elastic constant values measured with the LDA and the GGA(Table 1) meet these conditions of 

stability. Thus, the zinc blende ZnS structure is stable mechanically. In the analysis of the findings 

which are obtained by the two approximations, we can see the sequence C11 > C12 > C44; which 

agree with those got from the experiment [20] and theory [23] in Table 2. Yet, the LDA (GGA) 

overestimates (underestimates) the experiment values of C11 and C12 (C11, C12 and C44),and there is 

an underestimation of C44 value. The elastic constant results show that the anisotropy coefficient A 

of the ZnS was obtained by the relation (3) [24], representing a calculation of the crystal 

anisotropy. The material of a perfectly isotropic has A with a value of 1, thus, values lower or 

higher than the unity could be the value of the crystal anisotropy. The measured A values were 

0.44 for the LDA and 0.39 for the GGA. So, ZnS is a perfect isotropic in terms of elasticity 

confirming [20] and [23]. These authors state that A is a pressure free and equal 0.5 in the ZnS 

zinc-blende phase. 

 

𝐴 =
𝐶11 − 𝐶12

2𝐶44

                                                                                                              (3) 
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Table 2. Elastic constant calculated through CASTEP, in GPa units, compared to experimental data  

and other theoretical calculations. 

 

ZnS C₁₁ C₁₂ C₄₄ 

Present work 
 

(LDA) 115.9 69.52 52.69 

(GGA) 104.4 61.63 54.79 

Other Cal.[20] 108.83 69.18 45.50 

Exp.[23]   104 65 46.2 

 

 

3.3. Electronic band structures and density of state 

Now energy band is used with the Brillouin zone high-symmetry points by LDA and GGA 

as in Fig.2, discuss the results of the electronic properties of zb-ZnS. A direct band gap at G point 

for zb-ZnS is 2.232eV eV in LDA result (2.078 eV in GGA).Yet, the direct energy band gap at 

(Г − Г) is point in [25,26]. Because the band gap value ranges are (G − G) and  (Г − Г),they are 

very close. Furthermore, the methods of a plane-wave basis set and pseudo potentials in present 

calculation is employed, calculations are conducted by the full potential linearized augmented 

plane wave (FP-LAPW) method used WIEN2K code [25,26]. So, the energy gap differs from that 

in [26,27]The LDA measured band gap confirms past theoretical values (2.83eV) [25,26] although 

they smaller those of the experiment value 3.5 eV [27] because of the famous underestimating 

conduction band state energies in calculating the DFT. The Fermi level is the energy in which the 

probability is half of the used state. For chemical potential states (μ) = Fermi level (EF), the Fermi 

distribution function f (μ) = 1/2i.e. half of the states with μ = EF are employed. The energy scale 

zero is set at the valence band(VB) top. We calculated the energy band structures with the 

directions with high first brillouin zone equilibrium points, including X→R→M→G→R. A direct 

energy inhibitor appears between the highest valence band value and the lowest conduction band 

value at the symmetry point G of the brillion region of the compound ZnS. Table 3 shows all the 

direct band gaps in comparison with those experiments[27] and theories [25,26].Table 3 is the 

band gap in LDA which is higher than that in GGA. Possibly, it is because of  the lower lattice 

constants estimated LDA and the alteration in methods of GGA and LDA dealing with the electron 

density. 

 

 
 

Fig. 2. Electronic band gap structure of zb-ZnS applying (a)LDA, (b)GGA approximation. 
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Table 3.Calculated energy gap in eV of zb-ZnS with available theoretical and experimental values. 

 

Methods 

LDA (present work) GGA (present work) Other Cal. Exp. 

2.232 2.078 1.87
a
, 2.03

b 
3.5

c 

a
Ref.[25],

b 
Ref.[26],

c 
Ref.[27]. 

 

  

The total DOS outcomes in Fig 3(a and b).indicates band gap separates the valence and 

conduction bands of ZnS. The gap is measured by LDA and GGA. In the ZnS zinc-blende 

structure, the state valence band densities could be classified into three regions. Here, the valence 

band maximum as the Fermi level use could make the region about -5 eV occupied by p-states 

from S atoms, where there is a small influence of Zn s-states. They are a near - 6 eV to -7.5 eV 

could be mainly Zn d-states, with a small impact of S p-states. This structure resembles the flat 

bands in the ZnS electronic band structures as in Fig 2(a,b). The total DOS is much lower than the 

valence band, at around -13.5eV, coming dominantly from the S s-states and also matching the 

lowest valence band in the measured ZnS band structure. The general TDOS profiles agree with 

the past theoretical calculations [25].Besides, it is inferable from that the absorption onset very 

sharp starting at 3.73 eV. Sharp peaks emerged at 4.86 eV, 6.7 eV and 8.6 eV in the low laying 

conduction bands. In terms of the valence bands DOS, peaks at -13.80 eV, - 6.56 eV, -5.1 eV, -3.5 

eV, -2.99 eV and -1.99 eV are calculated and seem similar approximately to those of the 

corresponding experimental, from x-ray spectroscopy [28]. 

 

 
 

Fig. 3.The total density of states (TDOS) for ZnS (a)LDA, (b)GGA. 

 

 

Fig 4(a and b). Show PDOS for zb-ZnS calculation using LDA and GGA where as the 

green, red and blue indicate ( d , p and s) states .Generally, the valence band has three main 

regions : the deep originating from S-2s state, the middle derived from Zn-3d state and  partially 

from S-2p state, and the shallow originating from S-2p state. The conduction is controlled by the 

Zn-4s and S-2p state. The valance band primarily controlled by the d-state (Zn atom) with an 

increasing contribution according to orders of LDA > GGA. The intensity rise in the GGA 

calculation improves treating the band structure better than the LDA method. 
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Fig. 4. The partial density of states (PDOS) for ZnS (a)LDA, (b)GGA. 

 

 

3.4. Optical properties 
The optical properties are utilized for studying the interactions between incident photons 

and ZnS solid solutions assisting in the establishment of the photo catalytic reactor with radiation 

field spatial distribution. Also the knowledge of solid optical properties assists to understand its 

electronic features. When a photon is absorbed by an object, it induces an electrical leap from an 

occupied state in the valence beam to an empty state in the conduction band, Fig 5 (a and b)  

shows the optical absorption coefficient spectrum of the compound studied. This properties 

investigations were done within the chosen energy range of (0- 35) eV using both DFT(LDA) and 

DFT(GGA) whereas absorption spectra define materials ability to harvest or trap electromagnetic 

radiation or incident light, absorption value of (3.1E5) cm
-1 

and (2.9E5) cm
-1  

were measured at 

optical peaks of (8 eV) and (8.5eV) for LDA and GGA respectively.GGA calculated absorption 

showed higher capability of light absorption compared to LDA approximation and this results 

good agreement with experimental value absorption value of (9.97E5)cm
-1

 and optical peaks 

(6.8eV)  [29]. The absorption spectrum shows a peak in a low energy value while the strong 

optical absorption peaks are mainly in regions of high energy (6 - 10 eV), corresponding to the 

transitions of the inter bands. In contrast, there is positive correlation between absorption 

decreases  and energy of the photon within a high-energy ranges higher than the 10 eV), in which 

the electron has a hard response. Therefore, the electrons in the 𝑉𝐵 can be excited to the 𝐶𝐵 by 

absorbing visible light. The optical absorption of ZnS in the UV light region occurs by electron 

transfer from the S2𝑃 orbital of valence band to the Zn3𝑆 orbital of conduction band [30]. 

 

 
 

Fig. 5. Absorption coefficient for ZnS in (a)LDA, (b)GGA approximations. 
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3.5. Charge density distribution 

Using the LDA To study the bonding nature between the atoms of ZnS , the valence 

electron charge density distributions (𝑒 𝐴3⁄ ) within the (3D) and (110) planes are depicted in Fig 6. 

The color scale between the maps represents the local electron density. Red and blue colors 

indicate lowest and highest electron density, respectively. The above maps of charge density 

distributions show that the charge distribution is around the S atomic species and is considerably 

distorted of spherical shape because of the surrounding Zn atom charge distribution. This is an 

indication of covalent bonding. Since charge on S atoms is higher than those of the Zn atoms, 

there is also ionic contribution. In the charge density distribution maps. There are obvious 

signatures of covalent bonding Zn-Zn, Zn-S and S-S atoms ZnS compounds. These findings 

confirm the Mullikan bond population analyses (“Bond population analysis” section) For 3D and 

plane (110). The ZnS charge density maps show that Zn atom possesses high electron densities in 

comparison with S atom.Zn and S atoms are electron deficient in ZnS with spherical charge 

distributions. These characteristics entails ionic contributions to the whole bonding. 

 

 
 

Fig. 6.Charge density distribution map of ZnS (a) (3D) and (b) (110)planes using LDA. 

 

 

3.6. Bond population analysis 

Both Mulliken population analysis (MPA) [31] were used to explore the bonding nature of 

ZnS compound further. The results are disclosed in Tables 4 and 5. According to MPA, in ZnS the 

Zn atom gives up 0.4 charge to each S atom. As usual, Mulliken charge and overlap population is 

to evaluate the chemical bond relative strength among the atoms. Also, we utilized the effective 

valence [32] for determining the covalent or ionic bonding dominance. This valence is a perfect 

ionic bond which is 0, while the corresponding is higher than this iconic bond if the bond becomes 

covalent. Table 4 shows the whole and the effective valence charges of Zn and S species ZnS. The 

charges transferring from S and Zn are about (-0.4e, 0.4e in LDA) and (-0.45e and 0.45e in GGA). 

Thus, the bonding behavior of ZnS coexists with the natures of covalent and ionic. Table 5 shows 

the measured outcomes of the Mulliken bond populations and bond lengths in ZnS through the use 

of functions of LDA and GGA. The negative and positive bond population values are the ant 

bonding and bonding states in respect. The Mulliken bond population of the Zn-S (LDA) is 

2.35481A
0 
(2.40466 with GGA) which is the value LDA as smaller than the GGA. These findings 

confirm the analyses of the electronic structures and densities of the states mentioned above. 
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Table 4.Orbital charges (electron),Total charge and  atomic Mulliken charge(electron) of ZnS 

using LDA  and GGA. 

 

Methods Species s 

 

p d 

 

f Total Mulliken 

Charge (e) 

 

LDA 

S 

 

1.81 4.59 0.00 0.00 6.40 -0.40 

Zn 0.61 1.02 9.97 0.00 11.60 0.40 

 

GGA S 

 

1.83 4.63 0.00 0.00 6.45 -0.45 

Zn 0.59 0.98 9.98 0.00 11.55 0.45 

 

 

Table 5.Calculated bond overlap populations and bond lengths (Å) for ZnS using LDA and GGA. 

 

Methods Bond Population Length (A) 

 

LDA Zn -- S 0.46 2.35481 

GGA Zn -- S 0.44 2.40466 

 

 

 

 

4. Conclusions 
 

           We have investigated the energy band structure, elastic constants, , density of states, optical 

properties, and bonding properties of Zb-ZnS using first principles calculations. The equilibrium 

lattice parameters, bulk modulus and its pressure derivative of Zb-ZnS are optimized, and the 

calculated results by LDA and GGA are consistent with the experimental data and the available 

theoretical results. The elastic constants are firstly predicted by the methods of LDA and GGA. 

Our calculations reveal that Zb-ZnS shows elastic anisotropy and elastic stability  under ambient 

conditions. Our results for the band structures and DOS show that Zb-ZnS is semiconductor with a 

direct band gap. The energy band gap is estimated to be 2.232eV (LDA) or 2.078eV (GGA), 

which are both underestimated and compared with the experimental band gap. Based on the 

calculations of the density of states and Mulliken population, the chemical bonding indicated both 

ionic and covalent bonding in Zb-ZnS. Our calculated optical absorption is in a good agreement 

with the obtained experimental results. 
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