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Abstract 
 

The high-frequency and static dielectric constants, the reflex index, the total optical electronegativity difference, the bulk modulus, the 

micro-hardness, the plasmon energy and the electronic polarizability of cubic zincblende boron-antimonide semiconductor have been 

estimated by using some empirical formulas. These parameters are analyzed by comparing them against the available experimental and 

theoretical data. In general, our obtained results agree well with other theoretical data from the literature. 
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1. Introduction 

Because of the technological importance of III-V semiconductors, 

their optical and electronic properties have been the subject with a 

great interest in both experiment and theoretical researches. Opti-

cal and electronic properties of semiconductor materials are im-

portant parameters for elements, compounds and alloys used in 

solar cell and optoelectronic devices manufacturing [1].  

In order to study the optoelectronic properties such as high-

frequency refractive index, optical susceptibility, electronic polar-

izability and crystal ionicity of some cubic zincblende and wurtz-

ite type structured binary compounds, Yadav et al. [2] have used 

the plasma oscillation theory of solids formalism. They found that 

the high-frequency refractive index, the optical susceptibility, 

electronic polarizability and crystal ionicity of both cubic zinc 

blende, and wurtzite type structure compounds exhibit a linear 

relationship when they are plotted to a log-log scale as against the 

plasmon energy. 

Using a new approach based on the concept of ionic charge theory, 

the lattice thermal conductivity and the bulk modulus of III-V and 

II-VI semiconductor materials were studied by Verma et al. [3]. 

They found that the lattice thermal conductivity of these semicon-

ductors exhibits also a linear relationship when it is plotted on a 

log-log scale against the nearest-neighbor distance. 

Bouhafs et al. [4] have used an ab initio calculation to study the 

electronic properties of BN, BAs and BSb compounds. They have 

found that the electronic properties of these semiconductor materi-

als are different from those of other III-V compounds (the direct 

band gap pressure coefficient is nearly independent of the anion 

substitutions).  

In our recent work [5-7], several physical quantities such as: cohe-

sive energy, elastic constants, Kleinman parameter, Cauchy's dis-

crepancy in elastic constant, Cauchy's coefficient, Born ratio, 

Knoop micro hardness, homopolar and heteropolar energies, the 

bonding-anti bonding energy gap, the covalency and the sound 

velocity of BSb semiconductor were studied.  

In another recent work [8], we have established a quantitative 

form of the linear correlation between the high-frequency and 

static dielectric constants in ANB8-N (N = 2, 3) tetrahedral semi-

conductors, where we found a quasi-linear relationship between 

the high-frequency and static dielectric constants for II-VI and III-

V binary materials. Using Ab initio calculations, Yao and co-

workers [9] have studied the electronic and phononic properties of 

bulk boron-antimonide semiconductor. They found that boron-

antimonide semiconductor can be a good material candidate with 

low-cost and easily processed, for hot carrier absorbers (HCA) in 

high-efficiency third generation solar cell. In this work, we would 

like to add some investigations, mainly on the optical and elec-

tronic properties of one III-V binary materials (BSb semiconduc-

tor). We calculate the high-frequency and static dielectric con-

stants (  and 0 ) of Zinc-Blende BSb Semiconductor by using 

the Verma's formula [1] and determine the corresponding reflex 

index, the total optical electronegativity difference, the bulk 

modulus, the micro-hardness, the plasmon energy, and the elec-

tronic polarizability. The new results are compared with other 

experiment and theoretical results. 

2. Theory, results and discussion 

2.1. High-frequency and static dielectric constants 

For several III-V and II-VI types binary semiconductors with cu-

bic zincblende structure; an efficient formula relates high-

frequency (ɛ∞) and static (ɛ0) dielectric constants with the ionic 

charges of the anion and the cation of compound were established 

by Verma et al. [1]. It is given as follows [1]: 

 

 1/ x0.25A S Z Z Za c av                                                          (1)
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Where ɛ indicates either ɛ∞ or ɛ0, Za and Zc are the ionic charges 

on the anion and the cation, respectively, Zav is the average atomic 

number of constituent atoms, and A and S are two constants. The 

values of the constants A and S are: 0.19308 ± 0.01024 and 

0.0012626 ± 1.53552x10−4 for high-frequency dielectric constant 

(ɛ∞), and 0.12954 ± 0.00281 and 6.79659 x10−4 ± 4.21458 x10−5 

for the static dielectric constant (ɛ0), respectively [1]. Thus, the 

new values of ɛ∞ and ɛ0 of BSb semiconductor can be calculated 

by replacing the corresponding values of (Za.Zc) and Zav in Eq. (1), 

and they were found to be 8.8 and 11.53 respectively. Our calcu-

lated values of ɛ∞ and ɛ0 are listed in Table 1 and compared with 

the available experimental [10] and theoretical [11-16] data in the 

literature. At given optical frequency, the dielectric constant ε and 

the refractive index n are related with the following expression 

[12], [17] 

 

n                                                                                             (2)

  
 

So with consequence the high-frequency and static (zero-

frequency) reflex index (n∞, n0) are related to the high-frequency 

and static dielectric constants (  , 0 ) by the formula of Eq. (2). 

Our calculated values of n∞ and n0 are also listed in Table 1 and 

compared with the available experimental [10] and theoretical [11-

16] data in the literature. 

 

Table 1: High-Frequency (  ), Static Dielectric Constants, ( 0 ), and 

Static Reflex Index (n∞, n0) of Zinc-Blende Bsb Semiconductor are in 

Comparison with Available Data of the Literature [10-16] 

Parameter

 

  0  n∞ n0 

This work 8.8 11.53 2.97 3.40 

Ref. [10] 16.77 - 19.28 - 4.0 - 4.5 - 
Ref. [11] - 6.37 - 2.52 

Ref. [12] - 11.17 - 3.30 

Ref. [13] GGA-PBE - 11.19 - 3.35 
Ref. [13] mBJ-GGA - 8.47 - 2.91 

Ref. [14] 11.3 - - - 

Ref. [15] 10.72 - - - 
Ref. [16] - - - 3.30 

 

As can be seen from Table 1, our calculated values; ɛ∞, ɛ0, n∞, and 

n0 are generally in reasonable agreement with the previously theo-

retical data reported in Refs. [11-16], where for example, the devi-

ation between our value (3.40) of n0 and that (3.35) of the Ref. 

[13] GGA-PBE is only about 1.5 %. 

However, it is found that the experimental data [10] are very high-

er than our results, and all theoretical data reported in Refs. [11-

16]. The difference between our results and the theoretical values 

reported in Refs [11-16] and also with the experimental one re-

ported in Ref. [10] is mainly due to the different expressions pro-

posed to calculate these parameters. 

The total optical electronegativity difference ΔX *  and the high-

frequency dielectric constant   are related by the following em-

pirical formula [17] 

 

 
22ε n ln 0.012Δ *                                                               (3)

 

 

 

The total optical electronegativity difference ΔX * is related to the 

energy gap, Eg by the following expression: 

7[1 0.268Eg*Δ  ]. Using the experimental energy gap Eg = 

0.55 eV [10] of thin films cubic zincblende boron-antimonide 

semiconductor, the total optical electronegativity difference 

ΔX * of this material is found to be 0.1474. Replacing this value 

in the empirical formula of Eq. (3), a value of  = 6.34 was ob-

tained, which consists well with our theoretical value (8.8) ob-

tained in this work.  

Anani et al. [18] reported also that, the refractive index of semi-

conductor is totally depending on its band gap. They have pro-

posed a linear relationship between the refractive-index and the 

energy gap Eg, it is given by the following formula [18], [19]:  

n = (17 - Eg) /5                                                                             (4)

 

 

 

By using the value of Eg =0.55 eV [10], the value of refractive 

index n of this compound obtained from the relation of Eq.(4) is 

found to be 3.29, which is relatively higher than our results (2.97), 

and lower than the value (4.0) measured by Das et al. [10].  

2.2. Bulk modulus, Micro-hardness and plasmon energy 

In this part of the present work, and in order to estimate the bulk 

modulus B, the microhardness H, and the plasmon energy ћωp of 

BSb compound at room temperature, we use three empirical equa-

tions, which have been proposed by Reddy et al. [20]. The refrac-

tive index relates to the bulk modulus, microhardness, and plas-

mon energy for some groups II-VI and III-V semiconductors by 

the following relations [19], [20]: 

 

B (GPa) = K1 exp (K2n) – K3                                                        (5) 

 

H (GPa) = K3 exp (K4n) – K5                                                       (6) 

 

ћωp (eV) = K6 exp (K7n)                                                               (7) 

 

The relevant values of the constants K1, K2, K3, K4, K5, K6, and K7 

for III-V semiconductors are: 648.89, -0.3546, 104.953, -0.3546, 

26.82, 47.924, and -0.3546, respectively [20]. 

Replacing these values and our obtained value of the refractive 

index n = 2.97 in the empirical formulas of Eqs. (5), (6) and (7), 

the new values of the bulk modulus, the microhardness, and the 

plasmon energy of BSb compound are given in Table 2 and com-

pared with the available theoretical data [5], [6], [21].  

 
Table 2: Bulk Modulus, Microhardness, and Plasmon Energy of Zinc-

Blende Bsb Semiconductor, in Comparison with Available Data Of The 

Literature [5], [6], [21]. 

Parameter

 

B (GPa) H (GPa) ћωp (eV) 

This work 121.4 9.79 16.72 

Ref. [5] 110.1 - - 

Ref. [6] 106.8 and 108 9.73 and 11.54 - 

Ref. [21] 
From 105.08 

to 146.16 

From 11.3 

to 16.51 

From 17.41 

to 19.79 

 

It can be seen, that our calculated values of bulk modulus, micro-

hardness, and plasmon energy of zinc-blende BSb semiconductor 

are in good agreement with the other theoretical calculations [5], 

[6], [21]; where for example the deviation of our value (9.79 GPa) 

of the microhardness from the calculated value (9.73 GPa) report-

ed in our previous work [6] is only about: 0.62 %. 

2.3. Electronic polarizability 

If we know the refractive index n and the crystal density g of any 

crystalline material, it’s possible to predict the electronic polariza-

bility αp by using the following formula [22]:  

  

2 24(n 1). M .10
p 2(n 2). g . (2.53)


 



                                                                 

(8)

 

 

 

Where, n is refractive index, M is the molecular weight of the 

material and g is the crystal density.  

The crystal density g is one of important quantity in solid state 

physic. In cubic zinc-blende structure, the X-ray crystal density g 

is given as follow [5], [23-25]: g = 4M /NAV, where M is the mo-

lecular weight (for BSb compound, M = 132.571uma), NA is the 

Avogadro number (NA = 6.022×1023mol−1), and V is the volume.  

Using the experimental lattice constant a = 5.30 Å measured by 

Das et al. [10] of thin films cubic zincblende BSb semiconductor, 

the crystal density of BSb compound is found to be 5.915 g/cm3, 

which is relatively smaller than the value 6.37 g/cm3 obtained 

from the local density approximation (LDA) [5]. 
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Replacing our obtained value of the refractive index n = 2.97, the 

molecular weight M = 132.571 uma for BSb compound and the X-

ray crystal density g = 5.915 g/cm3 in the empirical formula of Eq. 

(8), the value of the electronic polarizability αp is found to be 

6.40Å3. This value is relatively higher than the value 5.40Å3 ob-

tained by Verma et al. [26]. Our value is also slightely higher than 

the values 5.07 - 5.63 Å3 obtained by Shaileshkumar [21]. 

3. Conclusion 

In the present paper, we have determined some optical properties 

and the electronic polarizability of cubic zincblende boron-

antimonide semiconductor. 

It is found that the experimental one (4.0 to 4.5) of the reflex in-

dex reported in Ref. [10] is very higher than not only our result but 

also than much theoretical data reported in literature.  

Using the experimental value of Eg = 0.55 eV reported in Ref. [10], 

and some usual empirical formulas, the high-frequency dielectric 

constant was calculated and small discrepancy was observed.  

The total optical electronegativity difference, the bulk modulus, 

the microhardness, the plasmon energy, and the electronic polar-

izability are also obtained. In general, our obtained results agree 

well with other theoretical data from the literature. 
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