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Abstract 
  

The optical and electronic properties of hexagonal zinc iodide (h-ZnI2) and 

tetragonal zinc iodide (T-ZnI2) monolayers have been investigated by means 

of the density functional theory calculations. It has been verified that these 

two pattern monolayers are stable according to the binding energy outcomes, 

which are equal -4.607 and -4.716 eV, respectively. In addition, h-ZnI2 and 

T-ZnI2 monolayers are semiconductor with an indirect band gap of 2.018 eV 

and 2.674 eV, respectively. Moreover, h-ZnI2 possess higher absorption 

coefficient than T-ZnI2 in the ultraviolet region. Consequently, it can be 

utilized as a highly capable material in manufacturing photovoltaic device 

such the solar cell, optoelectronic, and for photocatalytic water-splitting 

process. 

 

Keywords: 2D-materials, ZnI2 monolayer, water-splitting process, 

Theoretical technique, electronic and optical properties. 
 

1 Introduction 
 
 The discovery of the two-dimension single layers of Graphene in 2004  
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by using a Scotch-tape method has engendered a tremendous scientific 

revolution in the evolution of nanotechnology and nanoscience [1-4]. This 

discovery opened new ways for researchers and scientists to bestow their 

attempts to the search for two-dimensional nanomaterial’s possessing 

inimitable features are obtained by peeling off techniques of materials and 

chemical vapor deposition method [5–7]. In addition to graphene, boron 

nitride [8, 9] phosphorene [10], and 2D monolayers transition metal 

dichalcogenides (TMDs) have become the focus of current research [11]. The 

group TMDs materials as a modern semiconductor’s materials with suitable 

energy gap [12-15] depending on the chemical composition and strain level 

and thickness [16-18]. These materials have a large number of charge 

carriers with high mobility ranging from 200 to 3500 cm2 V-1s-1[19-21]. 

Thereby, it has great potential to use in different applications, for example 

superconductivity [22], photo-voltaic [23], sensors [24-26], medicine [27], 

catalysis [28], and energy storage [29]. Lately, some theoretical and 

experimental study was offered about metal diiodides, for instance, CdI2 

[30], GeI2 [31], and PbI2 [7]. In this paper, we focused on hexagonal Zinc 

diiodides (h-ZnI2) and tetragonal Zinc diiodides (T-ZnI2) monolayers due to 

lack of information for these monolayers. In this work, we perform density 

function theory (DFT) to study structural, electronic and optical properties of 

these monolayers. 

 

2 Computational Methods 
 
 We designed two kind lattice H-ZnI2 with space group p-3m1 and T-

ZnI2 with space group p-4m2 by using the material studio. They comprise of 

4 × 4 ×1 repetitive supercell in both cases. We make a vacuum layer of 23 Å 

in the vertical direction of both H-ZnI2 and T-ZnI2 single-layer to 

forbiddance neighboring connections amid layers. The cutoff energy of 520 

eV was utilized. In addition, the Brillouin zones were tested using a 11 ×11 

×1 k-point for electronic, 23 ×23 ×1 k- point for the density of state (DOS) 

and 31 ×31 ×1 k-point for the optical properties. The first principles 

calculations based on DFT with the method of plane-wave pseudopotential 

were performed utilizing the CASTEP package [32]. All the structures were 

optimized until the convergence of the force on each atom was smaller than 

0.01 eV/Å and the displacement 5×10−4 Å. Electron exchange–correlation 

interactions were described within the generalized gradient approximation in 

the Perdew– Burke–Ernzerhof (GGA-PBE) [33]. 
 

3 Result and Discussion  
 

3.1 Geometric Structure and Electronic Properties  
 

 In h-ZnI2, zinc atoms surrounded by six atoms of iodides, while zinc 

atoms in T-ZnI2 surrounded by four atoms of iodides as shown Figure (1).  
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Figure 1 Top And Side View Of The Atomic Structures (a) Of H-ZnI2 And (b) 

T-ZnI2 Monolayers. 

 

 In both cases, H-ZnI2 and T-ZnI2 monolayers consist of three layers of 

atoms where a layer of transition-metal atoms, and Zn sandwiched between 

two layers of I atoms I-Zn-1. In our study, all the geometric optimize of the 

structure was included in Table 1. The lattice constants of monolayers H-

ZnI2 and T-ZnI2 are 4.087Å and 4.166 Å, respectively, the bond lengths are 

2.874 and 2.649 Å, respectively, and also the determined thickness and the 

angle bond are shown Table 1. These distinctions in the structural properties 

of the two layers clearly effect on the energy gap. These layers were stable 

owing to possess negative binding energies. 

 
Table 1 Bond Length (dZn-I), Bond Angle (θ), Layer Thickness (h), Lattice 

Constant (a), and Binding Energy. 
  

Monolayers work dZn-I 

(Å) 

         

(deg) 
        

(deg) 
h(Å)      Eb (eV) 

 

H-ZnI2 

present 2.874 90.660 89.340 4.041 4.087 -

4.607 

other 2.78 ------ 89.69 ----- 4.10 

[34] 

4.099 

[35] 

----- 

T-ZnI2 Present 2.649 103.708 112.427 4.403 4.166 -

4.716 
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According to Figure 2, we observe an indirect band gap nature for H-

ZnI2 is equal 2.018 eV, which is very close to the result obtained in the 

reference [34–36] and for T-ZnI2 is equal 2.674 eV. Compared with the 

previous study of CdI2 (2.45 eV), CaI2 (3.97) [35], and PbI2 (2.476 eV) [37]. 

In our result, the valence band maximum is situated along the near the Γ 

point for the H-ZnI2 and at the X point for the T-ZnI2 monolayers, while the 

conduction band appears by the side of M and Γ point respectively. 

 

  
 

Figure 2 Electronic Band Structures Obtained By (GGA-PBE) Of (a) Of H-ZnI2 

And (b) Of T-ZnI2 Monolayer. 

 

Additionally, we calculated partial (p) and total density of state (TDOS). 

A similar demeanor can also be observed in both monolayers with very slight 

variances in summits as seen Figure 3. Clearly, the orbitals dominant in the 

valence band lowest; specifically, at the energy -6 and -11.6 eV are Zn-3d 

and I- 5s respectively. Whereas in the nearness of the level Fermi main 

contribution for 5p of I appear at -4.61 and extends into the forbidden gap. In 

the conduction band active sharing for I (5s) with little influence from the) I 

(5p) and Zn (4s) state. The whole density of state arises from the orbitals 

amount participate in conduction and valence bands. The work function of 

single-layer H-ZnI2 is equal 6.078 greater than work function of T-ZnI2 is 

equal 5.977 eV, which are large than other work function of monolayers 

MoS2 (5.16 eV)[38], GaTe (5.16 eV)[39], and InSe (4.50 eV) [40]. 
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Figure 3 The Total And Partial Density of States of: (a) H-ZnI2 and (b) T-ZnI2 

Monolayers 

 

3.2. Optical Properties 
 

 In this section, we will calculate the optical properties using light in the 

vertical direction with rang from 0 to 30 eV for all optical properties of H-

ZnI2 and T-ZnI2 monolayer. The real (Re ε (ω)) and imaginary (Im ε(ω)) 

dielectric functions are computed by Kramer’s–Krönig transformation as 

illustrated in Figure 4 (a) and (b). The real part ε (ω) indicated to polarization 

(storage energy) in general divided into three regions, infrared (orientational 

Polarization), visible (electronic polarization) and ultraviolet region (ionic 

polarization). All three polarization is dependent on the frequency of photon 

light. Re ε(ω) appear at 2.27 and 2.05 at zero energy for H-ZnI2 and T-ZnI2 

respectively, as shown Figure 4 (a).  
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 T-ZnI2 Monolayer: (a) Real Dielectric Function (Re ε(ω)), (b) Imaginary Dielectric 

Function (Im ε(ω)), (c)Absorption Coefficient, (d) Conductivity, (e) Reflectivity and 

(f) the Refraction Index. 
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The Re ε(ω) has two maximum peaks, the first is 3.21 at 3.5 eV and 

second is 2.88 at 5.85 eV for H-ZnI2 monolayer. Then suddenly decreases 

with photon energy increases and vanishes at energy 7.27 eV. At range 

energy 7.3-8.37, possess negative value. Also, the Re ε(ω) of T-ZnI2 have the 

same demeanor, the first peak equal 2.76 and second peak equal 2.64 both 

peaks situated in UV Region and vanishes at 7.9 eV. The Re ε(ω) of two 

monolayers in extreme ultraviolet (EUV) region becomes almost constant. 

The Im ε(ω) refers to the absorption coefficient and reflectivity is illustrated 

in Figure 4 (b). The Im ε(ω) has foremost value at 6.82 and 6.85eV which are 

equal 3.41 and 2.62 of H-ZnI2 and T-ZnI2 monolayer, respectively. 

Subsequently, decrease with photon energy increase. Figure 4 (c) represented 

absorption coefficient of H-ZnI2 and T-ZnI2 monolayers. The H-ZnI2 has 

several peaks and major value recorded at energy 7.35 eV which is equal 

14×104 cm-1 this value greater than the absorption of T-ZnI2 is 11.8×104 

cm-1at 7.69 eV. Afterwards, the absorbance declines progressively with 

energy rises. On the other hand, the layers that have the highest absorption 

are the best candidates in manufacturing photovoltaic device (solar cell, 

ccatalysts, and sensors). In Figure 4 (d). The conductivity discovered a 

perceptible amount of anisotropy in between 2.61 eV and 21eV. The notable 

peaks are located at 6.89 and 7.03 eV and are equal 2.83×1015/S and 

2.18×1015/S of H-ZnI2 and T-ZnI2 respectively. The optical conductivity 

values start off in the declining while waiting for established almost zero at 

energy 25eV for two monolayers. The reflectivity illustrated in Figure 4 (e). 

The reflectivity has three peaks and commences at 3% infrared region and 

increase by and by until reaches the maximum value in UV region are equal 

24.6% and 18.4% H-ZnI2 and T-ZnI2 respectively. Then it starts to coming 

down until it disappears at energy 22.7eV. Supreme reflectivity may be used 

to coating back side of solar cells and for ultraviolet protection umbrellas. 

The refractive index has a related with the real part and almost has the 

identical behavior as shown Figure 4 (f). The refractive index owns 2 peaks, 

the first placed at 3.63 and second lied at 6.09 eV, are equal 1.81 and 1.79 for 

H-ZnI2 respectively. While for T-ZnI2 are located at 3.95 and 6.04 eV, which 

are equal 1.67 and 1.7 respectively. Thereafter the refractive index gradually 

decreases with energy increase. The refractive indices permit these single-

layers to be exploited as an interior layer covering among the ultraviolet 

absorbing layer and the substrate. 

 

4 Conclusion  
 
 In summary, we study the structural, electronic and optical properties of 

H-ZnI2 and T-ZnI2 monolayer by using DFT with (GGA-PBE) functional. 

First, it was verified that these two layers were characterized by 

thermodynamic stability. In addition, these monolayers as semiconductors 

materials with indirect band gaps which are equal of 2.018 and 2.1674 eV of 
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H-ZnI2 and T-ZnI2, respectively. The orbitals are mainly contributed in the 

valence band are Zn-3d and I-(5s, 5p) whereas in conduction band, the main 

role played by I-5s orbital. Obviously, the maximum values of the optical 

properties including the reflectivity, absorption coefficient, the dielectric 

function, conductivity, and refractive index situated in UV region for H-ZnI2 

greater than T-ZnI2. Thereby H-ZnI2 monolayer can be a candidate an 

absorber in solar cells, sensors, photoelectronic detectors, etc. 
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