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Employing the Wien2k code, first-principles calculations within the full potential linearized augmented plane 

wave (FP-LAPW) method and density functional theory (DFT) framework were utilized to determine lattice 

constants, interatomic distances, density of states, and band structures. Three different exchange-correlation 

potentials, PBE, Local Density Approximation (“LDA”), and Wo-Cohen Generalized Gradient Approximation 

(“WC-GGA”), were employed for evaluating structural and electronic properties. The computed lattice constants 

and bulk modulus were found to be in excellent agreement with experimental data, validating the accuracy of the 

computational approach. The Goldsmith tolerance factor and octahedral factor were computed to confirm the 

structural stability of the material. The direct energy band gap of 2.32 eV observed at the R-R point suggests 

favourable conditions for solar applications. Further improvement in the band gap was achieved using the mBJ 

method. The optical properties, including the dielectric function, index of refraction, extinction coefficient, 

absorption coefficient, reflectivity, electron energy loss function, and photoconductivity, were systematically 

analysed. Notably, the study reveals the reliability of CH3NH3PbBr3 as an absorption layer in solar cells, supported 

by the enhanced band gap and other optical properties.  
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Introduction 

In recent few years, the applications of generally 

structured ABX3 metal lead halide perovskites (MLHP) 

have proven their uniqueness [1-2]. Perovskite 

compounds are rapidly used in optoelectronic devices and 

radiation detectors in terms of their applications [3-5]. The 

MLHP solar mechanization has emerged as admissible 

candidate that ensures the optoelectronic properties with 

higher accuracy [6-13]. Photovoltaic applications have 

produced remarkable growth [14-16]. Current research is 

being focused on the mixed cation, mixed halide, or 

mostly iodide-rich mixed halide perovskites [17,18] 

because iodine-based perovskites have much more 

suitable bandgap for ideal photovoltaic devices than 

bromine-based perovskites having wider bandgap 

(Eg > 2 eV) [19]. Mixed halides (I, Br, Cl) have shown a 

strong impact on the device’s performance and stability. 

A small addition of Br and Cl confers the increased 

stability to the device as compared to pure iodine 

(CH3NH3PbI3) based devices. Addition of Cl to 

CH3NH3PbBr3 films improves the open circuit voltage and 

recombination rate constant. MAPbBr3 has a shorter 

lattice constant, higher bandgap, higher cohesion energy 

and lower phase transition temperature as compared to 

MAPbI3. [20-23]. Indeed, the highly efficient perovskite 
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solar cells use the more thermally stable HC(NH2)2PbI3 

with inclusions of small amounts of Cs+, Br-, and 

CH3NH3
+ to provide better structural stability, and further 

increasing for thermal stability of the material [24]. Metal 

lead halide perovskites have proved their superiority over 

the conventional solar cell because they have low cost and 

can be fabricated easily. The attractive room temperature 

processing and remarkable constitution with earth 

elements make them superior for photovoltaic 

applications [25-26]. These materials exhibit unique 

electronic and magnetic properties such as high carrier 

diffusion length, low surface combination velocity as well 

as high electron mobility [27-30]. Furthermore, these 

MLHP solar cells may have another distinct advantages 

such as the band gap of MA(CH3NH3)PbX3 can easily be 

tuned and the appropriate features can be used to create 

colorful solar designs [31-33]. MAPb(I1-xBrx)3 

perovskites, have been studied to find out the colorful 

solar cells with low production cost, high-efficiency, and 

long-term stability [34]. Mostly, MAPbBr3 perovskite 

shows the cubic phase (α) and space group (Pm3m) at 

greater temperature 236.9 K whereas tetragonal phase (β) 

and space group (I4/mcm) has been reflected at 155.1-

236.9 K. Further orthorhombic phase (δ) and space group 

(Pna21) has been reflected at low temperatures [35]. This 

is a p-type semiconducting material with a direct band gap 

of 1.93-2.3 eV corresponding to an absorption onset of 

⩽ 550 nm which makes this material an excellent light 

harvester [36-37]. In this regard density functional theory 

plays a key role in determining the electronic structures of 

CH3NH3PbX3(X = Cl, Br, I) [38-39]. Also, the bandgap 

value of MAPb(I 1-xBrx)3, (0 ≤ x ≤ 1) material increasing 

as concentration of Br increases [40]. Jishi et al [41] have 

calculated the band structure of CH3NH3PbBr3 using the 

mBJ potential that is found to be 2.23 eV. Feng et al [42] 

have successfully determined the band gap for tetragonal 

and orthorhombic CH3NH3PbX3 (X = I and Br) crystal 

structure by the DFT+D2 method which are found to be in 

the range of 1.63 to 2.3 eV. Mosconi et al [43] have used 

accurate DFT and GW methods including spin-orbit 

coupling and calculated the expected band gap increasing 

moving from X=I to Cl. 

Here, we aim to find out the different physical 

properties such as structural, optical and electronic 

properties of CH3NH3PbBr3 
perovskite materials by 

means of first-principles calculations in framework of 

DFT using Wien2k code. Estimation of optoelectronic 

properties will be helpful in the determination of 

electronic band structure of the perovskite as well as to 

ensure the capability of these materials using as absorbing 

substrate for solar cell structure. Stability of structure is 

measured in terms of octahedral and Goldsmith tolerance 

factor. Numerous studies of CH3NH3PbX3 perovskites 

were reported recently but mostly focused on MLHP using 

I and Cl as halides whether they are single or as a mixture 

of halides. Only a few papers specifically reported the 

optical constants of CH3NH3PbBr3 perovskite. In this 

study, we have investigated comprehensive optical 

constants and dielectric function for CH3NH3PbBr3 

perovskite which is in good agreement with researchers 

work as they obtained approximately 3.8-5.1 for the 

dielectric and the observed value is found smaller as 

compared to CH3NH3PbI3 perovskite [44, 45, 19]. 

I. Formability of CH3NH3PbBr3 

Perovskite Structure: 

ABX3 structured metal lead halide perovskites have 

been proved as a family of efficient perovskites for 

optoelectronic applications. This is shown by figure 1 

where A corresponds to organic cation of large size 

(CH3NH3
+), B is related to metallic cation Pb2+, and Br 

represents halide ions making bonds to both the cations 

[46]. It has been studied that the perovskite structure is not 

completely cubic but is in a slightly deformed state. The 

properties such as ferromagnetism, superconductivity, 

ferroelectricity etc. are exhibited due to deformation of the 

perovskite structure. These properties of the material can 

be adjusted for photovoltaic applications. For the purpose, 

here we require to evolve some computational techniques 

with the help of which the electronic structure of material 

can be determined accurately. First-principles calculations 

have proved to be a milestone in determining important 

physical and chemical properties with high degree of 

accuracy. 

The formability of stability of CH3NH3PbBr3 

perovskite structure has been systematically investigated 

using the tolerance factor–octahedral factor map method. 

The Goldschmidt tolerance factor (t) [47], which is given 

 
Fig. 1. Polyhedral representation of CH3NH3PbBr3; Pb atoms are represented by the dark bluish grey spheres inside 

the octahedral; the Br atoms are dark red spheres at the octahedral corners; PbBr6   

is shown as black octahedral. 
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as: 𝑡 = (𝑟𝐴 + 𝑟𝑥) √2(𝑟𝐵 + 𝑟𝑥)⁄  

Here rA, rB and rx are radii of organic group, metallic 

ion, and halogen ion respectively. An ideal cubic 

perovskite is expected when t = 1. The too large value of 

cation A in the ABX3 
structure makes t > 1, while a too 

small value of cation A makes t < 0.8. This position is 

indicative of the no perovskite nature of the structure [48, 

49]. Mostly for stable perovskite structures, values are 

determined by 0.813 ≤ t ≤ 1.107 [50]. This particular 

criterion is still applicable for MLHP what was formulated 

for organic perovskite structures. Stability is also 

determined in terms of other constant, such constant are 

called octahedral factor and are denoted by 𝜇. This factor 

is determined by the ratio of 𝑟𝐵 and 𝑟𝑥  [51]. The value of 

𝜇 smaller than 0.414, leads to unstable octahedral 

structure whereas slightly greater than 0.414, representing 

the contact of 𝐵 cation with six 𝑋 anions lead to a stabilize 

BX6 octahedral structure. The following criterion 

confirms the stability for the structures, 0.414 ≤ µ < 0.592 

[52-54]. In Table 1, the CH3NH3PbBr3 perovskite was 

calculated for tolerance factors 𝑡 and octahedral factor 𝜇 

based on effective ionic radii (in Å). In case, the larger 

cation (CH3NH3)+ the effective radii r𝐴 (A = CH3NH3) 

considered as an organic. Thus, we may estimate t as one 

half the C-N bond length (1.497 Å) plus the ionic radius 

of nitrogen (1.46 Å) [55]. The effective radii found 

between 1.60 and 2.50 considered as the perovskite [56]. 

II. Computational Methodology: 

The calculations conducted in this study represent a 

first-principles investigative approach, known for its 

systematic and dependable methodology in elucidating the 

structural, electronic, and optical properties of materials. 

Ideally FP- LAPW method has been chosen for 

calculations [57-59] which is executed in WIEN2k code 

[60]. Kohn-Sham equation is solved under the density 

functional theory model. Through this procedure the 

ground state density and total energy of the system can 

be extracted in effective manner [61-63]. Further local 

density approximation (LDA)
 

[64] and generalized 

gradient approximation (GGA) by Perdew, Burke and 

Ernzerhof (PBE) [65], popular methods have been used to 

deal with the Kohn-Sham (KS) equations. LDA is not able 

to deal with the electronic and magnetic properties 

corresponds to strongly correlated system. GGA adds all 

the approximations containing semi core corrections that 

arrange precise results throughout DFT simulations. 

However, LDA approximations are preferred over GGA 

approximations from a computational point of view 

because of its simplicity [66]. An exchange potential was 

recently proposed by Becke and Johnson (BJ), designed to 

yield the exact exchange potential in atoms [67-68]. Tran 

and Blaha was proposed a simple modification of the BJ 

potential [69-70]. In this method, known as TB-mBJ, the 

exchange potential is given by: 
 

 𝑉𝑥
𝑇𝐵−𝑚𝐵𝐽(𝑟) = 𝑐𝑉𝑥

𝐵𝑅(𝑟) + (3𝑐 − 2)1/𝜋(5/12)1/2[2𝑡(𝑟)/𝜌(𝑟)]1/2  (1)

 

Here ρ(r) is the electron density, t(r) the Kohn−Sham 

(KS) kinetic energy density, and Vx
BR(r) the 

Becke−Roussel exchange potential [60]. In the TB-mBJ 

potential given in equation (1) 

 

 𝑐 = 𝐴 + 𝐵(𝑔)1/2   (2) 

 

 𝑔 =
1

𝛺
∫

1

2
(

|∇𝜌↑(𝑟)|

𝜌↑(𝑟)
+

|∇𝜌↓(𝑟)|

𝜌↓(𝑟)
) 𝑑3𝑟     

 

Here, the average of |▽ρ/ρ| over the unit cell of 

volume Ω. 

 However, in this case Koller, Tran, and Blaha to 

improve the band gap prediction, [71-72] consider a more 

general form for c 

 

 𝑐 = 𝐴 + 𝐵𝑔𝑒    (3) 

 

Here the parameters A, B, and e values are 0.267, 

0.656 and 1 respectively, were chosen because they 

produce the fit to the experimental band gaps of many 

semiconductors. Radi and other co-workers [41, 55] have 

calculated band structure using mBJ-method for several 

metal lead halide perovskite compounds that were found 

in good agreement with experimental values. Therefore, 

calculations for electronic structure of crystals with large 

unit cells, these methods may be easily used. However, the 

usefulness of this method is impeachment by its high 

computational cost. 

In this work, all the structures studied taking the 

experimental unit cell data as input. The dependence on 

energy density of all physical properties makes it 

mathematically mandatory that minimizes the energy 

ensuring a stable structure. The energy minimization is 

measured as the energy  

 

Table 1.  

Structural equilibrium parameters; lattice constant, unit cell volume, Bulk modulus and derivative of bulk modulus 

for CH3NH3PbBr3. 

Properties PBE LDA WC 
Other calculation 

Experimental Theoretical 

A (Å) 5.976 5.872 5.92 5.933 [41], 6.08 [19] 5.92 [76], 5.94[79], 5.90 [35] 

V (Å)3 213.482 202.52 207.53 225 [19] 206.3[79], 208.8 [31] 

B (GPa) 46.185 51.181 48.301 - - 

B' (GPa) 3.7604 4.0103 3.906 - - 
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derivative of cell volume that has been fitted to the 

Murnaghan’s equation of state [73, 74] provides 

equilibrium lattice constants, minimum energy value, the 

bulk modulus, its pressure derivative, and volume for the 

stable structure. To solve the KS equation, the space is 

considered as it is the integral form of two parts, one of 

which represent the Muffin Tin spheres and the other is 

considered as the interstitial region. The FP- LAPW 

method plays a key role in informing about KS orbital 

expansion. In the interstitial region, the KS orbital 

expansion understood as plane waves and assumed to be 

atomic like within the Muffin Tin spheres. The calculated 

radii (bohr) correspond to muffin-tin spheres are 2.5, 2.49, 

1.16, 1.22 and 0.62 for Pb, Br, N, C and H atoms 

respectively. The angular momentum is understood  

lmax = 10 within the Muffin Tin spheres. As the Muffin Tin 

radius of hydrogen atom gets very close to RH valued 0.62; 

the expansion of KS orbitals automatically settled for the 

required RHKmax = 3 within the interstitial regions. 

Monkhorst-Pack scheme [75] with 5x5x5 grids is taken 

for the sampling of k-point within the Brillouin zone. The 

charge density is plane-wave expansion cut off Gmax, 

where Gmax = 20 bohr-1 for CH3NH3PbBr3. The total 

energy (ec) tolerance of 0.1 mRy, a charge convergence 

(cc) of 0.0001e and internal force of 0.1 mRy/a.u. are 

grasped to make convergence within the frame of self-

consistent calculations. 

III. Results and Discussion: 

3.1. Structural Properties: 

Fundamentally the physical structure is constructed of 

unit cell. Here simple cubic unit cell constructs the  

ABX3cubic perovskite structure by periodicity where 

atom B are located at the corners which are octahedrally 

coordinated by six halogen atoms. Experimentally the 

phases of compound CH3NH3PbBr3 varies as the variation 

in temperature takes place. On studying the given 

compound, it has been found that at lower temperature the 

compound exists in orthorhombic phase whereas at 

medium temperature the compound exhibits the tetragonal 

phase and similarly pseudo cubic phase has also been 

observed at high temperature [35]. 

For the sake of mathematical simplicity, the cubic 

phase has been taken into considerations and here the 

optical, structural, and electronic properties of 

CH3NH3PbBr3 perovskite material have been discussed. 

First of all, optimization for internal atomic positions have 

been considered to ensure the structural properties and 

then the optimization of lattice constants with different 

potential (PBE, LDA, WC-GGA) is done by minimizing 

the total energy under the consideration of total energy as 

a function of volume as well as graphical fitting of Energy 

Volume (E-V) curve with Murnaghan’s equation [74] (fig. 

2), we get the data related to the structural properties 

CH3NH3PbBr3 compound. The calculated structural 

properties data from various approximations are shown in 

Table 1 with their comparisons of available experimental 

as well as theoretical results. Experimentally described 

lattice constant for CH3NH3PbBr3 is, a=5.92 Å [76], 

a=5.94Å [77] and the calculation by WC-GGA 

approximations confirm the value 5.92 Å. The calculated 

lattice constants and volume values of the present work 

are in good agreement with the theoretical values because 

of practicing different method of calculation. Moreover, 

the matching of the calculated values with the 

experimental values, assures the reliability of the applied 

method. 

 

 

 

   

 
Fig. 2. Total energy versus volume curve with different exchange correlation potentials. 
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3.2. Electronic properties: 

3.2.1. Band Structure Curves: 

Band structure curves provide important information 

about the crystal structure. All the calculations that are 

related to band structure of the material have been shown 

in table 2 under the consideration of PBE and LDA 

approximations, we found the bang gap are shown in 

fig. 3. Here energy function plot has been considered for 

the first Brillouin zone. The difference in between valance 

band maximum (VBM) and conduction band minimum 

(CBM) calculates the band gap. The value of the bandgap 

is improved by using the mBJ method, it is just an 

exchange potential that can be used in combination with a 

LDA correlation potential and are improved further by 

using the KTB-mBJ method. However, the improvement 

in the bandgap is found slightly far above the experimental 

values using these parameter values in the KTB-mBJ 

method. Thus, to improve the bang gap prediction, we 

consider a new set of values for the parameters. A and B 

are taken the same, but the parameter e (e = 0.5) is taken 

different, then we get exact bandgap in certain case. Thus, 

according to the band structure curves, it is resulted that 

this compound, by LDA and KTB-mBJ + LDA 

approximations, has direct band gap with 1.83 eV and 

2.32 eV respectively at the R-point. According to the 

experimental results the values for direct band gap are 

described as by 2.3 eV and 2.35 eV [34,78]. 

This indicates that the calculated results show good 

agreement with the experimental results. Further it has 

also been studied that the dispersive nature of the 

conduction band is relatively higher than the valence band 

because of its delocalization when electronic transition 

takes place to some other higher energy states. 

 

3.2.2. Density of States (DOS) 

We have studied total density of states (TDOS) and 

partial density of states (PDOS) ofPb, Br, N, C and 

CH3NH3
+ cation with LDA and KTB-mBJ as exchange 

correlation potential in energy range (-6 to 8) eV as shown 

in figure 4(a) and (b). By the fig. 4, it is obvious that there 

are three different regions for total density of states; 

(−6 eV to -4 eV) defines the lower valence band while 

(−4 eV to 0 eV) defines upper valence band as well as 

lower conduction band. We have discussed the results of 

KTB-mBJ as exchange correlation potential as shown in 

figure 4(b). The lower valence band is defined mainly by 

MA − 𝑝 orbitals and little bit contributed by Br −
5𝑝 and MA − 𝑠 state. The weak hybridization of 𝐵𝑟 − 5𝑝 

with Pb − 5𝑠 and Pb − 6𝑝 state defines the upper valence 

band. The last region, the lower conduction bands (LCB) 

are prepared by the hybridization of 𝐵𝑟 − 5𝑝 and Pb − 6𝑝 

orbital. 

 

Table 2. 

Calculated band gap in eV with PBE, LDA approximation and KTB-mBJ method and comparison with other 

theoretical and experimental data. 

Compound
 

PBE LDA 
PBE+KTB-

mBJ 

Other calculation 

Experimental Theoretical 

CH3NH3PbBr3 1.93 1.83 2.32 
1.93-2.3 [76], 2.30[34], 

2.35[80] 

2.233[41], 2.56[43], 

2.34[82] 

 

     
Fig. 3. Band structure of cubic phase of CH3NH3PbBr3 perovskite with different exchange correlation potentials. 
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3.3. Optical Properties: 

Determining novel devices for generating renewable 

energy requires a thorough study about the optical 

properties of the material. Maxwell’s relations 

macroscopically characterise the interaction of 

electromagnetic radiation with matter. These equations 

carry some specific constants used as parameters to find 

out the optical properties of the material. These 

characteristic constants are known as permittivity, 

permeability, and refractive indices of the medium. This 

has been theoretically proved that the above 

characteristics of the material are recognized to be 

dependent on frequency. Therefore, the dielectric function 

can be described as the complex variable of frequency 

given as 𝜀(𝜔) = 𝜀1(𝜔) + 𝑖𝜀2(𝜔). The momentum matrix 

calculates the imaginary part of the dielectric 

function 𝜀2(𝜔) and the elements of matrix represents the 

significance of wave functions corresponding to occupied 

and unoccupied levels. Mathematically the matrix is 

described by the following expression [19, 79,80]. 

 

ε2(ω) =
2e2π

Ωε0
∑ |ѱ𝑘

𝑐 |𝑢. 𝑟|ѱ𝑘
𝑣 |2

𝑘,𝑣 ,𝑐 𝛿(𝐸𝑘
𝑐 − 𝐸𝑘

𝑣 − 𝐸)  (4) 

 

Here 𝜔 stands for phonon frequency, e stands for the 

charge of an electron and 𝛺 stands for the volume of unit 

cell. 𝜔 have been considered as the unit vector along the 

polarization of the incident electric field, 𝛹𝑘𝑐 and 𝛹𝑘𝑣  are 

the descriptions for the wave function of conduction and 

valence band respectively corresponding to specific value 

of k. The Kramer-Kroning relations provides the real 

part𝜀1(𝜔), which is evaluated from 𝜀2(𝜔) and is given by 

[19, 81] 

 

 𝜀1(𝜔) = 1 +
2

𝜋
𝑃 ∫

𝜔′𝜀2(𝜔′)

𝜔′2−𝜔2

∞

0
𝑑𝜔′ (5) 

 

All the optical properties and related information of 

the material like absorption coefficient (𝜔) , the index of 

refraction 𝑛(𝜔), the extinction coefficient, the optical 

conductivity 𝜎(𝜔), the reflectivity 𝑅(𝜔), and the loss 

function can be deduced through dielectric function which 

is defined in terms of real and imaginary parts [82, 83]. 

The dielectric function is a complex physical quantity of 

which the real and imaginary parts have been shown 

according to figure 5 (a) and (b) respectively. The energy 

range of photon is considered up to 14 eV. The actual 

principal maxima correspond to the real part of dielectric 

function appears at energy of 3 eV. The main dominant 

transition in the spectra is due to the electronic transitions. 

These electronic transitions take places as electron makes 

transitions between upper valence band and bottom 

conduction band. Further there appears decreasing in the 

spectra up to 13.56 eV. The calculated roots for 𝜀1(𝜔) 

have been observed at energies of 5.15 eV and 10.76 eV. 

These observed root values of 𝜀1(𝜔) calculates what 

energy loss occurs there corresponding to the relevant 

energy. Totally there occurs high absorption 

corresponding to these energies (fig 6(a)). Apart this, the 

real part related dielectric function has shown the negative 

value in the energy range 10.78 eV- 13.56 eV. This has 

been caused for no possibility of wave propagation 

through the matter. The imaginary part 𝜀2(𝜔) also plays 

an important role in the determination of optical properties 

of material. Some significant changes in 𝜀2(𝜔) appears at 

energy 2.32 eV that are described by fig. 5(b). Optical 

transitions have been caused because of this energy. This 

is known as optical band gap. There appear two prominent 

peaks corresponding to 4 eV and 9 eV energies as an effect 

     
(a)                                                                         (b) 

Fig. 4. The density of states of CH3NH3PbBr3 perovskite with exchange correlation potential (a) LDA and (b) 

 KTB-mBJ. 
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of optical transitions. The first and principal peak of the 

curve arises there because of inter band transitions of 

electrons. The root cause for this phenomenon are the 

transitions that take places from occupied levels of 

valence band to unoccupied levels of conduction bands. 

Here the occupied levels of valence bands are Br-5p and 

Pb–6s while the unoccupied level of conduction band is 

Pb-6p. There are also some another transition of electrons 

taking places from the semi-core states to the conduction 

band causes the peaks at lower intensities. The static 

dielectric constant also has been calculated valued to be 4 

ensuring the result is very close with other workers [19].  

The 𝑛(𝜔) includes the real part as well as the 

imaginary part wherever the real part defines the refractive 

index, and the imaginary part defines the extinction 

coefficient that are plotted in figure 6. The refractive index 

behaves as a complex in nature, and it can significantly 

explain the propagation, dispersion as well as how the 

electromagnetic waves dissipate. The figure 6(a) signifies 

that initially the curve of refractive index attains the value 

of 2 at zero energy, such refractive index is said to be as 

static refractive index. It is also observed that refractive 

index increases because of increasing in energy of 

radiation. Thus, the refractive index attains its peak value 

    

 
Fig. 5. The calculated real ε1(ω) and imaginary ε2(ω) parts of complex dielectric constant for CH3NH3PbBr3. 

 

 

 
Fig. 6. (a) Refractive index n (w) and (b) Extinction coefficient versus photon energy for cubic perovskite 

CH3NH3PbBr3. 
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2.58 at energy 3.14 eV. It is also clear from curve that the 

peak value of refractive index occurs only in the energy 

range of 2 eV to 4 eV that represents the visible range. The 

little difference in perpendicular direction of refractive 

indices valued by 0.04, confirms that material exhibits the 

isotropic behaviour as optical properties. The extinction 

coefficient versus light energy plot for CH3NH3PbBr3 has 

been drawn Fig. 6(b). This is clear from the curve that the 

maxima of the curve appear at energy 4.06 eV wherever 

the extinction coefficient is observed to be 1.25.  

This is the representation of large amount absorption 

at the given energy range that is confirmed by the 

absorption peak occurring in fig.7 (a). Also, the first 

minimum has been observed at energy 6.84 eV which 

indicates that the absorption corresponds to these energies 

is minimum. The same fact is also happening there in the 

absorption coefficient curve (fig.7 (a)). Moreover, the 

extinction coefficient mainly exists in the visible and 

ultraviolet region (3-6 eV); and the large mathematical 

value of absorption coefficient implies enough absorption 

of radiations but despite the radiation, the electrons are not 

able to retain enough energy that makes the inter band 

transitions.  

As a result, Plasmon fluctuations take place within the 

crystal due to heat. The electron energy loss function plays 

the role of an optical parameter which is the measurement 

of what energy has been lost per unit length as fast electron 

passing through the material. The computed optical 

    

 

 

 
Fig.7. The calculated (a) absorption coefficient (b) reflectivity (c) electron energy loss function and (d) optical 

conductivity for CH3NH3PbBr3 in cubic phase. 
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parameters of the investigated materials show their 

potential for efficient photovoltaic devices in near infra 

and visible regions whereas these may be good candidates 

for UV shields for higher energy spectrum. All these 

optical functions have been calculated with exchange 

correlation function KTB-mBJ is shown in fig.7 (a). The 

absorption edge takes place from optical band gap 2.32 eV 

that is related to direct R-R transition. Moreover, two 

minima exist there in the curve of 𝜀1(𝜔) having energy 

range of 4–10 eV (fig. 5(a)); the happening of two 

absorption peaks at this region (fig. 7(a)). This conclude 

that the compound reflects the significant absorption in the 

UV range and this process grows up within ultraviolet 

region as absorption peak with 5.25 eV and 9.40 eV 

occurring in UV region. This compound provides better 

absorption coefficient in the 9-14 eV region. Reflectivity 

measures how much light a substance reflects when 

exposed to it and is calculated by dividing the energy of 

the incident wave by the energy of the reflected wave. The 

reflectivity spectra of CH3NH3PbBr3 as a function of 

photon energy are depicted in Fig. 7(b). In the infrared 

region, the value of optical reflectivity R(𝜔) increases as 

the energy of incident radiation rises; in the visible region 

it starts to decrease; further in the UV region, it increases 

with the energy of the electromagnetic radiation. 

Therefore, the highest reflectivity in these compounds is 

observed in the ultraviolet (UV) region; for the high UV 

region, it again starts to decrease. Hence the studied 

compounds can serve as excellent coating materials, 

particularly in the energy region spanning from 8 to 14 eV. 

The energy loss function has been shown in Fig. 7 (c) 

that is the function of photon energy. The peak that occurs 

in the figure shows the maximum loss at the certain or 

specific energy. The highest loss appears because of 

collective behaviour of electrons that corresponds to 

Plasmon frequency. By comparison between the real roots 

of the dielectric function and peak of the loss function, the 

oscillating energy of the plasma of about 5.15 eV has been 

observed. Also, the leading peak has been appeared at 5.7 

eV, which is the measurement of sharp reduction in energy 

for reflectivity [fig. 7(b)]. Thus, it has been concluded that 

wherever the real part ε1 (ω) of the dielectric function 

disappears, this is caused for occurring abrupt drop in 

reflectivity within the curve resulting the leading peak in 

energy loss curve. 

The measurement for the optical conductivities of 

CH3NH3PbBr3 material is shown in fig 7(d). The optical 

conductivity is measured in terms of the photo-electric 

conversion efficiency, and it is used to measure the 

changes caused by the illumination. It is studied that the 

maximum value of photoconductivity for the material has 

been obtained at energy 9.5 eV corresponds to UV range 

and also peak at energy 3.9 eV corresponds to visible 

range that are the crucial conditions that makes 

CH3NH3PbBr3 material to be potential candidate used as 

solar cell absorption layer.  

Summary and Conclusion: 

In this study, a comprehensive investigation into the 

structural, electronic, and optical properties of 

CH3NH3PbBr3, a key material in Metal Lead Halide 

Perovskite (MLHP) solar cells, was conducted using first-

principles calculations within the framework of density 

functional theory (DFT). The investigation revealed a 

direct energy band gap of 2.32 eV at the R-R point, 

positioning CH3NH3PbBr3 as a promising material for 

solar applications. Optical properties demonstrate the 

material's suitability as an absorption layer in solar cells. 

The Goldsmith tolerance factor and octahedral factor were 

calculated, confirming the structural stability of 

CH3NH3PbBr3.The research contributes valuable insights 

to the field of Metal Lead Halide Perovskites (MLHP) 

solar cells, highlighting the potential of CH3NH3PbBr3 and 

providing a foundation for future developments. The 

calculated properties, in conjunction with the utilization of 

advanced computational methods, offer a deeper 

understanding of the material's behaviour, paving the way 

for further advancements in renewable energy 

technologies. 
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Структурні, електронні та оптоелектронні характеристики гібридного 

перовскіту CH3NH3PbBr3 на основі розрахунків з перших принципів 
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Використовуючи код Wien2k, проведено обчислення з перших принципів у рамках методу повного 

потенціалу лінеаризованої розширеної плоскої хвилі (FP-LAPW) і теорії функціоналу густини (DFT) для 

визначення сталих гратки, міжатомних відстаней, щільності станів і зонної структури. Для оцінки 

структурних та електронних властивостей було використано три різні обмінно-кореляційні потенціали: 

PBE, наближення локальної щільності (LDA) і узагальнене градієнтне наближення Wo-Cohen (WC-GGA). 

Виявлено, що розраховані постійні ґратки чудово узгоджуються з експериментальними даними, 

підтверджуючи точність обчислювального підходу. Для підтвердження структурної стабільності матеріалу 

розраховано коефіцієнт толерантності Голдсміта та фактор октаедричності. Пряма заборонена зона 2,32 еВ, 

яка спостерігається в точці R-R, свідчить про сприятливі умови для застосувань у сонячні енергетиці. 

Подальше покращення забороненої зони було досягнуто за допомогою методу mBJ. Були проаналізовані 

оптичні властивості, включаючи діелектричну функцію, показник заломлення, коефіцієнт екстинкції, 

коефіцієнт поглинання, коефіцієнт відбивання, функцію втрат енергії електронів і фотопровідність. 

Примітно, що дослідження вказує на надійність CH3NH3PbBr3, як поглинаючого шару в сонячних 

елементах, що підтверджується розширеною забороненою зоною та іншими оптичними властивостями.  

Ключові слова: WIEN2k, DFT, Перовскіти на основі металевого свинцю (MLHP), сонічна батарея, 

оптоелектроніка. 
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