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Abstract: The new compounds, Mg(BiO2)4 was synthesized and structurally characterized semiconductor. 

Due to theoretical investigation for both of Mg(BiO2)4 and Mg(Bi0.91Ge0.083O2)4, computational tools were 

used. To calculated the electronic band structures, the total density of state, the partial density of state, and 

optical properties were used Generalized Gradient Approximation (GGA) based on the Perdew–Burke–

Ernzerhoff (PBE0) using first principle method for Mg(BiO2)4. The band gap was recorded 0.545 eV which 

is supported for good semiconductor. The density of states was simulated for evaluating the nature of 3s, 3p 

for Mg, 6s 6p, 4d, and 2s, 2p for O atoms. Furthermore, the optical properties including absorption, 

reflection, refractive index, conductivity, dielectric function, and loss function were simulated which can 

account for the superior absorption of the visible light. The key point of this research to determine the activity 

of Ge doped by 11.0%, whereas the band gap, density of state, and optical properties were affected. Analysis 

of the band gap and optical properties of both of Mg (BiO2)4 and  Mg(Bi0.91Ge0.083O2)4, the Ge doped shows 

the high conductivity than undoped. 
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1. Introduction 

The semiconductor technology, over the last 60 

years, the continuous progress of compounds of 

class IV, II, VI, and III-V have been made [1]. The 

crystal field model has been very successful in the 

analysis of 4f configurations of rare-earth ions in 

solids,  whose energy levels are reproduced through 

a Hamiltonian and involves both free-atom and 

crystal field operators [2, 3]. A satisfactory 

simulation of the experimental scheme of energy 

levels can be achieved if the number and quality of 

the operators are adequate. The use of 

semiconductors is increasing day by day. By 

combining multiple compounds, some 

semiconductor materials are tunable, for example, 

in the band gap [4, 5]. The result is a diagonal, 

quadrilateral, even curly compositions. Adjusting 

the band gap in the range of binary compounds 
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involved in the tonary composition, however, in the 

case of the material combination of direct and 

indirect band gaps, there is a ratio where indirect 

band gap prevails, limiting the usability of the range 

for optoelectronics, Such loose LEDs are limited by 

660 nm [6, 7]. The compositional polarizations of 

the compounds may also differ, and the explosion 

of the mesh against the substrate, based on the 

proportion of the mixture, defects to a degree 

depending on the imperfection. This affects the 

ratio of the achievable radiation or sequential 

reconnection and determines the illumination 

efficiency of the device. The quadrants and higher 

compositions coordinate the band gap and lane 

constant simultaneously, allowing for increased 

efficiency over a wide range of wavelengths [8]. 

For example the loose input is used for the LED. 

Transparent materials from light-generated 
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wavelengths are useful, as it allows more efficient 

extraction of photons from the bulk of the material. 

That is, in such transparent materials, light 

production is not only limited to the surface. The 

effect of the photon extraction efficiency is 

dependent on the index of the reflection and the 

material [9-11]. 

Semiconductor materials can strongly absorb the 

UV visible light or energy as used photocatalyst 

[12-14]. There are different forms of absorption, 

but the most important is the absorption of the 

underlying band, that is, the band with or without 

the bandwidth equal to or better than the band 

electron absorption energy [15, 16], while 

transforming the transport band, leaving such 

valence band [17-20]. The electrons that jump from 

the conduction band can withstand a reduced 

response through the external circuit from the 

opposite pole. The hole has a strong oxidizing 

ability, which causes the oxidation reaction of the 

appropriate components of the solution. High purity 

silicon is an important semiconductor material. 

Monocrystalline silicon doped a small amount of 

Group IIIA components to form one-third silicon 

semiconductor [21]. When N-type and P-type 

semiconductors are simultaneously inserted a trace 

amount of N-form and P-type semiconductor group 

VA components, solar cells can be formed, the 

development of radiant kinetic energy in electricity 

is a promising element [22]. 

Mg(BiO2)4 minerals by virtue of their high heat 

resistance, lightweight weight, high 

elasticity constant, refraction crystal structure, 

antioxidative, anticorrosion, and antiwear 

properties [23-25]. As a result of these 

properties, the compound 

has intensive usage space and application 

potentials. Mg(BiO2)4 is also magnesium borates 

that have great potential in areas of electronic 

ceramic reinforcement, semiconductor material 

synthesis, and plastics or aluminum/magnesium 

matrix alloy production [26, 27]. In this case of 

applications in the electric device, Mg(BiO2)4 is the 

most acceptable material for electrochemistry as 

semiconductors. For using the Mg(BiO2)4, the aim 

of this study is to develop the theoretical concept 

using first principle study, and doping was done by 

Ge to increase their activity. 

 

2. Computational Methods 

The method of GGA with PBE was optimized 

for CASTEP code from material studio to calculate 

the band gap and density of state [28]. In this 

condition, the band gap and density of state were 

calculated using the cut off at 510, and k point at 

2×2×4 with non-conserving pseudopotentials. Then 

the optical properties were similar way simulated 

for calculation of refractive index, reflectivity, 

absorption, conductivity, and loss function. In 

additionally, the geometric optimization was 

achieved and the convergence criterion for the force 

between atoms was 3×10−6 eV/˚A, the maximum 

displacement was 1×10−3˚A, and the total energy 

and the maximal stress were 1×10−5 eV/atom and 5 

× 10−2 GPa, respectively. In similar way, Ge was 

doped replacing Bi by 8.3% using building option 

and supercell option and finally all above properties 

using similar option was simulated. 

 

3. Results and Discussion 

3.1. Optimized Structure 

The lattice parameters value are a = 3.394 Å b = 

8.761.Å, c = 9.059 Å and angels between them as 

α= 69.566° β= 78.722° A°, γ= 78.373° A° for both 

of Mg(BiO2)4 and Mg (Bi0.91Ge0.083O2)4. The 

monoclinic Mg(BiO2)4 crystal and the space group 

is Hermanna Mauguin Cm, monoclinic crystal 

system, point group m, hall C2̅y, density 6.70 

g/cm3shown in figure 1(a), and the Ge doped 

optimized structure  in figure 1(b). 

 

 

 
 

 

 

Fig. 1(a): Structure for Mg(BiO2)4 Fig. 1(b): Structure for Mg(Bi0.91Ge0.083O2)4 
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3.2. Electronic Structure 

The electronic band structure of Mg(BiO2)4 

and Mg (Bi0.917Ge0.083O2)4 was calculated in the 

Fermi energy level setting at zero. From the 

figure 2(a), it absolutely was found that the 

minimum of conduction bands (MCB) was 

obtained within the G symmetry point, 

whereas the maximum of valance bands (MVB) 

was connected additionally in G symmetry 

points. Because each  MCB and 

MVB is at point G symmetry, it's known as a 

direct band gap, and it's calculated by 0.545 eV. 

Figure 2(a) represents the band structure of Ge 

doped while the MCB and MVB meet at G 

symmetry point indicating a direct band gap and 

recorded as 0.00 eV known as a superconductor. 

In general, a lower carrier effective mass 

corresponds to the next carrier mobility. On the 

opposite hand, after Ge doping in Mg(BiO2)4 

shows a totally different band structure both of 

MCB and MVB. 
 

  

Fig. 2(a): Electronic structure for undoped Fig. 2(b): Electronic structure for doped  

3.3. The density of State and partial density of 

state 

The density of the state indicates the 

character of electronic band structures and the 

splitting of an orbital. The density of states 

(DOS) of Mg, Bi, Ge, and O atoms of Mg(BiO2)4, 

and Mg(Bi0.91Ge0.083O2)4 crystals were calculated 

by PBE0 with GGA. From figure 3(a), it 

absolutely was found that the valence 

bands squarem measure primarily occupied by 

3s for Mg, 6s 4f 5d 6p for Ge and 2s 2d for 

O atom. Meanwhile, on top of the Fermi level, 

the conductivity bands are composed of Mg in 

3s, Bi in 6s 4f 6p 5d and O  atom in 2s orbitals. 

As shown in figure 3, the bands just below the 

Fermi level and on top of the Fermi 

level, it's noted that the total density of state for 

doped Mg (Bi0.91Ge0.083O2)4 is higher 

than Mg(BiO2)4 and it's evaluated that the DOS 

for s, p, d and sum for doped is a lot 

of delocalized than undoped showing in figure 

3(a), 3(b), 3(c), 3(d), 3(e), and 3(f).  

 

 
Fig. 3(a): comparison of total DOS for doped and 

undoped 

 
Fig. 3(b): PDOS for undoped 



Turkish Comp Theo Chem (TC&TC), 4(1), (2020), 24 – 31 

Md. Tawhidul ISLAM, Ajoy KUMER, Debashis HOWLADER, Kamal Bikash CHAKMA, Unesco 

CHAKMA 

27 

 

  
Fig. 3(c): PDOS for doped 

 
Fig. 3(d): comparison the DOS  of s orbital for 

doped and undoped 

  
Fig. 3(e): Comparison the DOS  of p orbital for 

doped and undoped 

  
Fig. 3(f): Comparison the DOS  of d orbital for 

doped and undoped 

3.4. Optical Properties 

3.4.1. Optical Reflectivity 

As a section of many consecutive theoretical 

investigations of optical phenomenon, at first, we 

have a tendency to go through the quantification of 

optical reflectivity of a crystalline material as a 

result of it's a major role in the electronic transition 

from valance band to the conduction band of 

compounds. The number of the wavelength that's 

incident on the surface of the semiconductor 

materials that can be calculated from the 

reflectivity information, which is related to the 

observance of that material. It's reported in 

a number of previous investigations that the lower 

reflectivity indicates the upper UV or visible 

light absorption. In our investigation, we have a 

tendency to determine that the reflectivity of 

Mg(BiO2)4, and Mg(Bi0.91Ge0.083O2)4 commences 

from around 0.25 and 0.35 severally at initial 

frequency. From figure 4, there are small 

differenences between undoped and doped. 

  
Fig. 4: Reflectivity 

  
Fig. 5: Absorption 

  



Turkish Comp Theo Chem (TC&TC), 4(1), (2020), 24 – 31 

Md. Tawhidul ISLAM, Ajoy KUMER, Debashis HOWLADER, Kamal Bikash CHAKMA, Unesco 

CHAKMA 

28 

 

3.4.2. Absorption 

The polycrystalline polarization technique is 

used to calculate the optical absorption of the 

Mg(BiO2)4, and Mg(Bi0.91Ge0.083O2)4 materials and 

also, the technique includes the electrical field 

vector as an isotropic average over all 

directions. During the simulation, a 

small smearing value of 0.5 eV was applied in 

order to attain additional distinguishable 

absorption peaks. The obtained absorption 

peaks, as represented in figure 5, are attributed 

to the image transition energies from the MVB 

to the MCB underneath visible 

light irradiation, which indicates that this 

material can absorb photons of 

visible range. Each of Mg(BiO2)4, and 

Mg(Bi0.91Ge0.083O2)4 shows the small deviation at  

the same point, but  Mg(Bi0.91Ge0.083O2)4 is 

slightly higher than Mg(BiO2)4. 

 
3.4.3. Refractive Index 

The index of refraction of a material is an 

impactful parameter for mensuration of the 

photon absorbed throughout the method of 

chemical degradation from the solutions. Asa 

complements to index enhancing schemes 

involving lasing without inversion, ultra-refractive 

optics with photonic band materials have many 

applications, including laser accelerators and lenses 

of ultra-short focal length [29]. The Large value of 

the index of refraction is related to the larger, 

denser medium, which is according to a 

very previous investigation [30, 31]. Figure 6 

displays the refraction index as 

a function of photon energy wherever the 

real part and, therefore, the imaginary part of a 

complex number for each of the undoped and 

doped are mentioned, showing an inverse 

pattern. At the initial point of photon energy in 

the refraction index  is higher for the 

real part while the imaginary part of a complex 

number is nearly closed to 

zero. Subsequent overall, a decrease 

of each element encounters them to 

every other up to 23 eV by value from 3.3 to 

0.1, and afterward, they follow a 

constant pattern overlapping to each other. 

 

  
Fig. 6: Refractive Index 

 
Fig. 7: Dielectric Function 

3.4.4. Dielectric Function 

The dielectric function is an incredibly 

necessary tool to analyze their optical properties 

that are expounded with sorption properties as the 

following equation for solid [32]. 

 

ε =  ε 1(ω) + iε 2(ω) 

 

where 𝜀1 (𝜔) and 𝜀2 (𝜔)  are denoted nonconductor 

constant (real part) and the dielectric loss factor 

(imaginary part) respectively. Nonconductor 

function includes a relationship with the space of 

materials that are physically equivalent to the 

permittivity or absolute permittivity. The real part 

of the dielectric function represents the energy 

storage capability in the electric field, and also the 

pure imaginary number represents the energy 

dissipation capability of the nonconductor 

materials. From the figure 7, the imaginary pure 

imaginary number is a smaller amount than the real 

part from 0 eV to 

5 eV frequencies however from 6 eV to 16 eV, the 

imaginary part of a complex number pure 

imaginary number is larger than real part, showing 

same the real and imaginary part for the doped and 

undoped. 
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3.4.5. Conductivity 

The physical phenomenon of the 

semiconductor on the basis of the energy band 

and orbital electrons is joined with the discrete 

parts of electrons in orbit. This can be conjointly 

made due to the presence of holes and free 

electrons within the crystal molecules. From 

figure 8, the physical phenomenon of doped is 

slightly larger than undoped within both cases. 

 

 
Fig. 8: Conductivity 

 
Fig. 9: Loss Function 

3.4.6. Loss Function 

There are two regions for the electronic 

energy loss function, such as high energy region 

or low energy region for optical properties. From 

figure 9, the loss function for doped is poor 

higher than undoped. 

 

4. Conclusion 

In this study, a comparative investigation was 

estimated between Mg(BiO2)4, and 

Mg(Bi0.91Ge0.083O2)4 using first principle method 

of generalized gradient approximation (GGA) on 

the Perdew–Burke–Ernzerhoff (PBE0). At first, 

the electronic structure of Mg(BiO2)4 is not well 

dispersive as Mg(Bi0.91Ge0.083O2)4 and the band 

gap of Mg(BiO2)4, and Mg(Bi0.91Ge0.083O2)4 are 

0.545 and 0.00 respectively, indicating 

semiconductor and superconductor. Secondly Ge 

doping in Mg(BiO2)4 increases the DOS and optical 

properties. Mean that Ge doping increases the 

conductivity of examined crystals. 
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