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Abstract 

The Structural, electronic, elastic and optical properties of the fluoroperovskite LiBAF3 are obtained 

using the plane-wave pseudopotential implementation of the PWscf code method in the framework 

of density functional theory (DFT), with the local density approximation (LDA) and the generalized 

gradient approximation (GGA). The result shows LiBAF3 compound has a direct band gap with 

6.7eV and 6.5eV using PBE-GGA and PBEsol-GGA respectively. It satisfies the Born’s stability 

condition and thus implies the compound is stable. Refractive index, coefficient of extinction and 

dielectric function have all been computed. From the estimations, the material has a brittle feature. 

The values gotten are in close agreement with related works and further investigation can be done 

using other exchange correlation functional.  
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Introduction 

There has been extensive attention given to 

Perovskite structure as a result of its 

remarkable properties like high thermoelectric 

power charge ordering, spin-dependent 

transport, colossal magneto-resistance and the 

chemistry of structural, magnetic, electronic 

and optical characteristics (Moskvin et al., 

2010, Weeks and Franz, 2010). Largely, they 

have a wide band gap which brands them a 

perfect material for optical lithography and 

production of vacuum ultraviolet lenses 

(Murtaza et al., 2013).   

In the family of ternary compounds, 

Fluoroperovskites is a subgroup of 

perovskites. These materials are fluoride-

based with a communal stoichiometry of 

ABF3. ‘A’ and ‘B’ are cations. In the new 

perovskite material, ‘A’ cation is a mono or 

divalent element represented by an alkali or 

rare earth metals whereas ‘B’ cation is 

represented by Alkaline metals. These 

amazing material being referred to as 

Fluoroperovskites have recently received 

more thoughtfulness because of their possible 

usage as lens materials (Boyer and 

Edwardson, 1990; Lim and Jeong, 2005). 

Among the ternary compounds, LiBaF3 single 

crystal is a candidate for vacuum-ultraviolet-

transparent (VUV-transparent) material for 

lenses in optical lithography steppers, which 

finds good applications in the semiconductor 

industry sooner (Nishimatsu, et al., 2002). 

In this work, a well-thought-out study of the 

structural, electronic, elastic and optical 

properties of LiBaF3 by using the plane-wave 

pseudopotential implementation of the PWscf 

code method in the framework of density 

functional theory (DFT) is reported. This is 

done with the local density approximation 

(LDA) and the generalized gradient 

approximation (GGA).  

Computational Method 

In this work, Density functional theory 

(Hohenberg and Kohn, 1964) is engaged to 

perform the calculations in union with the 
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method of plane-wave pseudopotential 

implementation of the PWscf method as 

implemented in the Quantum Espresso code. 

Also, the local density approximation (LDA) 

(Perdew and Wang, 1992), Perdew-Burke-

Ernzerhof (PBE) and Perdew-Burke-

Ernzerhof for solids (PBEsol) of the 

generalized gradient approximation (GGA) 

(Perdew, et al., 1996) flavor are used to 

compute the exchange-correlation energy 

function. The tool used for modelling the 

interaction of electrons with ionic cores is the 

Ultrasoft pseudopotentials. The electronic 

wave functions and charge density were 

lengthened in a plane-wave basis sets up to 

kinetic energy cutoffs of 50 and 400 Ry, 

respectively. Brillouin-zone integration was 

performed using 7×7×7 Monkhorst-Pack k-

point mesh. The above computational 

parameters were good enough to guarantee the 

accuracy of present purpose. 

To determine the elastic nature, the elastic 

constants Cij of LiBaF3 compounds are 

estimated. Thermo_pw implemented in 

Quatum Espresso code was used to calculate 

the elastic properties. Basically, there are three 

main elastic constants named C11, C12 and C44 

for cubic crystals. The mechanical properties 

include bulk modulus B, voigt shear modulus 

G, Young’s modulus E, Poisson’s equation 

and Lame’s coefficients (µ and λ).  

From the elastic constants, notable elastic 

moduli for applications can be calculated: 

B= 
1

3
(C11+2C12)  (1) 

G= 
1

5
(C11- C12+3C44)        (2) 

 

Figure 1. Crystal structure of LibAF3 

Results and Discussion 

Structural properties 

This section presents the structural properties 

of the system understudy. The optimized 

lattice parameters (a), bulk modulus (B) and 

the pressure derivate of the bulk modulus 

(B’) is presented in Table 1.  Table 1 shows 

there is large closeness between the 

calculated, prior reported and experimental 

value of the lattice parameter (a). 
 

Table 1. Lattice constant (a), bulk modulus (B) and pressure derivative of bulk modulus (B’) 

of LiBaF3 

Lattice constant a˳(Å) B˳ (GPa) B’˳ Reference 

4.038 226.8 6.86 This work a 

4.045 271.9 4.61 This work b 

3.969 313.5 4.96 This work c 

3.994   (Ouenzerfi, et al., 2004)d 

3.934   (Ouenzerfi, et al., 2004)d 

3.996   (Boumriche, et al., 1994)e 
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a  LDA calculations; b GGA (PBE) calculations; c GGA (PBEsol) calculations; d Theoretical 

calculations; e Experiment 

Elastic properties 

LiBaF3 has a cubic structure. Three elastic 

constants, C11, C12, C14 exist for the cubic 

structure of this compound. The elastic 

properties of the system are presented in this 

section. LDA and GGE (PBE and PBEsol) 

approximations were employed. The elastic 

constants and elastic moduli of the cubic unit 

cell has been calculated using the Voigt-

Reuss-Hill approximation. 

C44 exhibits resistance to shear deformation 

whereas C11 is linked to the unidirectional 

compression along the principal 

crystallographic directions. This indicates that 

the compound exhibits less resistance to pure 

deformation in comparison to their resistance 

to unidirectional compression (Mousa, et al., 

2017). 

Elastic stability is the ability of a material to 

return to its original shape after the removal of 

compressive loads. For a cubic structure, the 

Born’s stability condition is: C11 - C12 > 0; C11 

+ 2C12 > 0; C44 > 0. Our calculations fulfill 

these conditions. It thus implies the material is 

stable elastically in all approximations. 

 

Table 2.  Calculated values of elastic constants Cij (in GPa), shear modulus G (in GPa), bulk 

modulus B (in GPa), Young’s modulus E (in GPa), Poisson’s ratio σ, Debye temperature (in 

K) and Pugh ratio. 

 C11 C12 C44 B E G Σ D.T B/G 

LDA 80.83 6.24 45.33 22.78 80.97 44.60 -0.092  401.17 0.51 

PBE 117.89 42.50 42.80 78.76 117.87 47.13 0.2506 433.85 1.67 

PBEsol 138.02 49.13 49.00 67.63 101.65 40.68 0.2495 396.72 1.67 
 

For materials with ionic properties, it has a 

standard Poisson’s ratio σ of 0.25 or higher 

and for materials with covalent bond, it has a 

value of 0.1 or lower. From the PBE and 

PBEsol calculations, it indicates the material 

has ionic properties. A central force material 

is a material that has its Poisson value within 

0.25 and 0.5; otherwise, it is a non-central 

force material. The material is then a central 

force material. Pugh ratio indicates ductility or 

brittleness of a material. Pugh’s index of 

ductility ratio has a critical value of 1.75. If 

B/G > 1.75, the material tends to ductility; 

otherwise, the material tends to brittleness. As 

shown above, B/G ratio is less than 1.75. It 

implies the material tends to be brittle. High 

value of Young’s modulus E indicates a stiff 

material. The Debye temperature (ƟD) is an 

important parameter calculated from elastic 

constant. Debye temperature has a close link 

with several physical properties, such as 

specific melting temperature. The sound 

velocities as calculated is presented in table 

III. 

Table 3. Sound velocities  

 VP (m/s) VB (m/s) VG (m/s) 

LDA 3981.87 2095.63 2932.19 

PBE 5146.35 3838.15 2969.03 

PBEsol 4918.37 3663.93 2841.57 

There are no published data that discuss these 

properties for this compound to the best of our 

knowledge. Further studies will validate and 

test this outcome. 

Optical Properties 

Optoelectronic applications of a material can 

be understood by studying the optical property 

of the material. The dielectric function Ɛ(ω), 

representing the linear response of the system 

to an external electromagnetic field with a 

small wave vector describes the optical 

properties of a matter. The dielectric function 

can be expressed as (Tell, 1956; Landau and 

Lifshitz, 1984; Kramers, 1956; Kronig, 1926) 

 Ɛ(ω) = Ɛ1(ω) + Ɛ2(ω)   (3) 
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 Ɛ1(ω) is the real part of the dielectric function 

while Ɛ2(ω) is the imaginary part of the 

dielectric function. The imaginary elements of 

the dielectric function Ɛ2(ω) consist of the sum 

of all transitions from the valence bands to the 

conduction bands. The real part of the 

dielectric function Ɛ1(ω) can be extracted from 

the extracted from the imaginary part using the 

Kramers-Kroning relation (Mousa, 2014; 

Mousa, 2013). The dielectric function was 

calculated via the thermo_pw.x package. 

Refractive index n(ω) and the Extinction 

coefficient k(ω) which are optical constants 

can be calculated in terms of the imaginary 

and real part of the complex dielectric function 

(Born and Huang, 1954; Tvergaard and 

Hutshinson, 1988; Haines, et al., 2001). 

n(ω)= 
√√Ɛ1

2(ω)+ Ɛ2
2(ω)+ Ɛ1(ω)

2
   (4) 

k(ω)= 
√√Ɛ1

2(ω)+ Ɛ2
2(ω)  -  Ɛ1(ω)

2
   (5) 

Coefficient of absorption I(ω) and reflectivity 

R(ω) can also be calculated along the xx-

direction. 

Figures 2 and 3 show the real and imaginary 

part of the dielectric constant respectively.   

Ɛ1, real part of the dielectric constant exhibit 

peaks 5.1 at 8.8eV, 5.4 at 9.8eV and 2.6 at 

20eV while the imaginary part of the dielectric 

constant, Ɛ2 exhibit peaks 4.1 at 9eV, 4.4 at 

10ev, 3.6 at 12eV and 3 at 20eV. This typifies 

close proximity with related materials (Korba, 

et al., 2009). Electronic transitions between 

the valence and conduction band accounts for 

the threshold energy. The main peaks for Ɛ1 

and Ɛ2 exist at 9.8eV and 10eV for this 

material. From observation, there is a steep 

decrease between 9.8eV and 10.5eV for the 

real part of the dielectric function and a steep 

decrease between 10ev and 11eV in the 

imaginary part of the dielectric function. 

      

 

Figure 2. Real part of the dielectric function 
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Figure 3. Imaginary part of the dielectric function 
 

 

Figure 4. Refractive index n(ω) 

 

Figure 5. Extinction coefficient k(ω)  
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The extinction coefficient and refractive 

index have been calculated as shown above. 

It is observed that there is resonance in the 

low energy region in this compound. The 

obtained refractive index spectra indicate that 

the refractive index is majorly only up to 11 

eV. Refractive index drops significantly 

beyond this energy. 

 

Figure 6. Calculated absorption coefficient I(ω) of the dielectric function E(ω) for LiBaF3 

 

Figure 7. Calculated reflectivity R(ω) of the dielectric function E(ω) for LiBaF3 

Figures 6 and 7 shows the calculated absorption 

coefficient and reflectivity spectra of LiBaF3. 

In the reflectivity spectrum, it is observed that 

there’s high reflectivity at low energies. This 

can be an indication that the material is highly 

transparent in the infrared, visible and low-

frequency ultraviolet region of the energy 

spectrum. It then be suggested that this material 

will be an efficient lens material and possibly 

applicable for transparent coating. 

Electronic Properties 

This section reports the band structure and 

partial density of state of LiBaF3, GGA flavor 

of the exchange correlation potentials namely 

Perdew-Burke-Ernzerhof (PBE) and Perdew-

Burke-Ernzerhof for solids (PBEsol) were 

used. The computed electron energy band 
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structure calculations along some important 

symmetry directions are shown in Figures 8 - 9. 

The material has a direct band gap and it is a 

wide-gap perovskite-like-fluorides  

Table 4: Energy gap values  

PBE PBEsol Reference 

6.7eV 6.5Ev This work a 

6.66eV  (Korba, et al., 2009)b 

6.513eV  (Besnalah, et al., 2003)b 

9.8eV  (Sarukura, et al., 2007)c 
a  PBE and PBEsol calculations b Theoretical calculations c Experiment 

 

Figure 8. PBEsol flavor energy band plot 

 

Figure 9. PBE flavor energy band plot  
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It is generally known that GGA often 

underestimate the energy gap (Charifi., 2005; 

Hassan, et al., 2004). This is because it has 

single form that is not flexible sufficiently for 

accuracy in producing exchange-correlation 

energy and its charge derivative. The values 

gotten are in close agreement with available 

results. Figure 10 and figure 11 shows the 

calculated PDOS of BA, Li, and F atoms. 

 

Figure 10. pdos plot of LiBaF3 [PBEsol] 

 

Figure 11. pdos plot of LiBaF3 [PBE] 

Data Availability Statement: 

Data cannot be shared openly but are available on request from authors: 
Data sets generated during the current study are available from the corresponding author on 

reasonable request. 
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Conclusion 

The structural, electronic, elastic and optical 

properties of LiBAF3 were studied using the 

method of plane-wave pseudopotential 

implementation of the PWscf method as 

implemented in the Quantum Espresso code. 

This is based on density functional theory using 

the LDA and GGA flavor of the exchange 

correlation. The calculated electronic structure 

and energy band structure shows a direct band 

gap. Similarly, the real and imaginary part of the 

dielectric constant, refractive index, extinction 

coefficient, absorption coefficient and 

refractivity have been calculated. Elastic 

properties were calculated as well. From 

calculation, the material has a tendency to be 

brittle. The values gotten are in close agreement 

with related works and further investigation can 

be done using other exchange correlation 

functional.   
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