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Abstract A simple model based on optical electronegativ-
ity difference has been proposed for calculating the energy
gap, refractive index and electronic polarizability of differ-
ent semiconductors and alkali halides. Correlation between
energy gap, refractive index and electronic polarizability are
given for II-VI, III-V semiconductors and alkali halides. The
calculated values of electronic polarizability are in fair agree-
ment with the values obtained from Lorentz—Lorentz rela-
tion. This work highlights the significance of interrelation
between energy gap, refractive index and electronic polar-
izability. The estimated values are then compared with the
literature values. There is fair agreement between estimated
values and literature values.
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1 Introduction

Electronic and optical property of semiconductors and alkali
halides has been a challenge to the investigators. During the
last few years, frequent attempts have been made to under-
stand the electronic and optical properties of these com-
pounds. In view of much importance of semiconductors and
alkali halides, theoretical prediction of their different physi-
cal properties has attracted much attention [1]. The evaluation
of refractive indices of semiconductors is of considerable
importance for potential applications in integrated optical
devices such as switches, filters and modulators, whereas the
refractive index of materials is the key parameter for design-
ing various devices. The refractive index is closely related
to the electron polarizability of ions and local field inside
the material. Among the various parameters controlling the
refractive index, energy band gap may be the most impor-
tant one. Thus, it is of great interest to develop a correla-
tion between refractive index and energy gap in solid mate-
rials. These materials, particularly semiconductors, have
potential applications in the field of light emitting diodes
(LEDs), photo-detectors (PDs), laser diodes (LDs) opto-elec-
tronic devices and integrated circuit, nanotechnology and
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biotechnology [1-5]. Moss [6—8] has proposed that all energy
levels in a solid are scaled down by a factor 1/ sgp[, where gqp¢
is the optical dielectric constant. Ravindra et al. [9—11] have
proposed a linear relation between the energy gap and the
refractive index for some semiconductor materials. Ravindra
and Shrivastava [12] have modified the Moss [6—-8] formula
for solar cells, where one has to evaluate the refractive loss
in order to improve the conversion efficiency of semiconduc-
tors. Reddy et al. [3] correlated refractive index and plasmon
energy and calculated the values of various physical param-
eters like bond length, microhardness, bulk modulus, inter-
atomic force constant and lattice energy for II-VI and III-V
semiconductors using earlier models in which these parame-
ters are calculated from their plasmon energy [13—15]. Anani
et al. [16] have proposed a model for calculated the refrac-
tive index of III-V semiconductors from their energy gaps.
Singh et al. [17] have proposed a relationship between frac-
tional ionic character and electro negativities for estimating
the refractive index of the materials. Recently, Kumar et al.
[18] presented a model based on the energy gap data for cal-
culating the refractive index of different semiconductor.

The optical electronegativity is very useful parame-
ter in understanding the nature of chemical bonding and
several other important physical parameters can be pre-
dicted. It is suggested that a simple model based on the
concept of optical electronegativity and some other param-
eters should be good enough to study the main proper-
ties of ionic crystals and semiconductors with use of only
few numerical constants. The present study is an attempt
to study some simple correlations between electronega-
tivity difference, energy gap, refractive index and elec-
tronic polarizability of different semiconductors and alkali
halides.

2 Theory

Moss [6,7] has proposed a general relationship between
refractive index () and energy gap (Ey).

n*E, = 95 (1)

Ravindra et al. [9] proposed the following linear relation
between refractive index and energy gap.

n=4.084 —0.62 E, 2)

Gopal [19] modified the Penn model [20] for the high-
frequency dielectric constant of semiconductors to obtain a
general formula relating (n) and (Eg). The formula is as
follows:

3

Reddy et al. [21] have proposed an empirical relation
between the refractive index (n) and band gap (E) for dif-
ferent compounds.

(n* +2)*(Eg — 0.365) = 154 4)

Anani et al. [16] have proposed the following relation for the
refractive index of III-V semiconductors.

i_14 4 5
n =1+ e o)
g
where A = 40.8 eV is constant.

Based on the oscillatory theory, Herve and Vandamme
[22] have proposed the following relation for refractive index.

vl
n:[1+(Eg+B)] (6)

where A = 13.6eV and B = 3.4eV are constants

Reddy et al. [2] have recently proposed the following rela-
tion between refractive index and optical electronegativity
(Ax).

)

RE:
S
" [ +(3.72Ax+B)]

where A and B are numerical constants.
Singh et al. [17] proposed the following relation between
refractive index and optical electronegativity.

f

=05

where (f) is constant having values I-VII ( f = 2.35), [I-VI
(f =2.5) and lI-V (f = 2.0) compounds.

Kumar and Singh [18] obtained the following relation
between n and Ej:

®)

n:KEg 9)

where K = 3.3668 and ¢ = 0.32234 are constants.

Based on the above correlations, the concept of optical
electronegativity and its use in estimating many physico-
chemical parameters and the following expression have been
obtained between optical electronegativity (Ax) and energy
gap (E,) for different semiconductors and alkali halides.

E, = AAx® (10)

where A = 3 for (II-1V, III-V) semiconductors, 4 for alkali
halides and B = 0.8 are numerical constants.

Accordingly, the following may be suggested for refrac-
tive index (n).

n=C—InkE, (11)

where C = 3.6¢eV is a numerical constant.
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Table 1 Energy gap (E,), refractive index (n), and electronic polarizability (er) of II-VI semiconductors

3

II-VI group Electronegativity Energy gap (Eg) Refractive index (n) Electronic polarizability (e) x 107%*cm
semiconductors  difference (Ax)
Present study Refs. [6,8,23] Present study Refs. [9,10,23] Present study Present study Refs. [24,25]
(Eq. 10) (Eq. 11) (Eq. 12) (Eq.13)

MgO 2.93 7.09 7.20 1.64 1.74 1.60 1.65 1.80
MgS 1.27 3.63 3.90 2.31 2.26 4.62 4.40 4.53
MgSe 1.20 347 2.98 2.35 243 5.83 5.57 6.00
MgTe 0.79 2.48 2.60 2.69 2.65 8.93 8.58 8.82
CaO 2.50 6.24 6.15 1.76 1.82 2.74 2.76 2.90
CaS 1.50 4.15 5.40 2.18 2.12 6.33 6.03 6.13
CaSe 1.90 5.01 5.00 1.99 2.26 6.54 6.30 7.62
SrO 2.50 6.24 5.80 1.76 1.80 3.58 3.60 3.72
SrS 1.50 4.15 4.80 2.18 2.10 7.10 6.77 6.80
SrSe 1.40 3.92 4.60 2.23 2.21 9.90 9.45 8.47
SrTe 1.10 323 4.00 242 2.41 10.89 10.41 10.84
BaO 2.05 5.32 5.20 1.93 1.98 504 4.89 5.22
BaS 1.60 4.36 4.00 2.12 2.15 8.45 8.11 8.61
BaSe 1.50 4.15 3.35 2.17 2.27 9.41 9.02 9.88
Zn0O 1.10 323 3.20 242 2.00 3.54 3.38 2.86
ZnS 0.90 2.75 3.70 2.59 2.39 6.33 6.05 5.91
ZnSe 0.80 2.51 2.58 2.68 243 7.07 6.78 6.53
ZnTe 0.60 1.99 2.10 291 2.70 8.57 8.32 8.14
CdoO 0.67 2.18 2.60 2.82 2.68 5.10 4.92 5.18
Cds 0.90 2.76 2.40 2.58 2.38 7.72 7.40 7.57
CdSe 0.56 1.88 1.70 2.96 2.44 9.89 9.63 9.13
CdTe 0.38 1.38 1.44 3.28 3.23 11.69 11.56 11.41

Table 2 Energy gap (Ey), refractive index (n), and electronic polarizability () of III-V semiconductors

3

-V group Electronegativity Energy gap (E¢) Refractive index (1) Electronic polarizability (o) x 1072* cm
semiconductors  difference (Ax)

Present study Refs. [6,8,23] Present study Refs.[9,10,23] Present study Present study Refs. [24,25]

(Eq. 10) (Eq. 11) (Eq.12) (Eq. 13)
AIN 1.43 3.99 3.80 2.21 2.20 2.80 2.68 2.79
AlIP 0.80 2.51 3.00 2.67 2.75 5.39 5.19 5.51
AlAs 0.58 1.94 2.40 2.93 2.92 7.57 7.36 7.55
AlSb 0.43 1.52 1.50 3.17 3.19 10.45 10.30 10.49
GaN 1.20 3.47 3.40 2.35 2.40 3.26 3.11 3.10
GaP 0.70 2.25 2.24 2.79 2.90 6.68 6.43 6.85
GaAs 0.37 1.35 1.40 3.30 3.30 8.24 8.16 8.24
GaSb 0.21 0.86 0.81 3.74 3.75 10.94 11.16 10.94
InN 0.76 2.40 2.40 2.72 2.35 5.03 4.84 4.45
InP 0.41 1.47 1.25 3.21 3.10 9.09 8.97 8.92
InAs 0.10 0.47 0.36 2.85 3.51 12.20 12.25 10.47
InSb 0.13 0.58 0.18 3.06 3.96 14.35 11.90 13.42
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Table 3 Energy gap (E,), refractive index (n), and electronic polarizability (er) of alkali halides

Alkalihalides  Electronegativity =~ Energy gap (Ej)
difference (Ax)

Refractive index (n)

Electronic polarizability (&) x 10724 cm?3

Present study Refs. [6,8,23] Present study Refs.[9,10,23] Present study Presentstudy Ref. [26]

(Eq.10) (Eq.11) (Eq. 12) (Eq. 13)

LiF 3.0 8.84 9.49 1.33 1.39 0.99 0.76 0.89
LiCl 2.0 6.96 7.02 1.66 1.66 3.06 2.98 2.98
LiBr 1.6 5.82 591 1.83 1.78 4.31 4.35 4.12
Lil 1.2 4.62 4.38 2.06 1.95 7.58 7.84 6.15
NaF 3.1 9.88 9.99 1.31 1.34 1.64 1.24 1.15
NaCl 24 8.06 8.13 1.51 1.54 3.51 3.19 3.24
NaBr 2.1 7.24 7.21 1.62 1.64 4.64 4.45 4.38
Nal 1.6 5.82 6.00 1.83 1.77 7.02 7.09 6.41
KF 3.1 9.88 9.77 1.31 1.36 2.35 1.78 1.99
KCl 22 7.52 8.59 1.58 1.49 5.24 4.94 4.08
KBr 2.0 6.96 7.96 1.66 1.56 6.48 6.30 5.22
KI 1.9 6.88 6.88 1.70 1.68 8.02 8.10 7.25
RbF 32 10.14 9.43 1.28 1.40 2.83 2.03 2.54
RbCl 22 7.52 8.56 1.58 1.49 6.03 5.68 4.63
RbBr 2.0 6.96 8.02 1.66 1.55 7.39 7.20 5.77
RbI 1.7 6.11 7.15 1.79 1.65 9.94 10.00 7.80
CsF 33 10.40 8.65 1.26 1.48 341 3.39 3.60
CsCl 2.1 7.24 7.50 1.62 1.61 6.10 5.85 5.69
CsBr 2.0 6.96 6.95 1.65 1.67 7.18 6.90 6.83
Csl 1.7 6.11 5.88 1.78 1.79 9.57 9.55 8.86
CuF 2.1 7.24 - 1.62 1.58 2.82 2.71 2.57
CuCl 1.1 4.32 3.31 2.14 1.93 4.90 5.14 6.79
CuBr 0.9 3.68 2.94 2.30 2.10 6.37 6.69 7.13
Cul 0.6 2.66 2.60 2.62 2.35 8.48 8.86 8.55
AgF 2.0 6.96 - 1.66 1.70 4.01 3.16 3.31
AgCl 1.0 4.0 3.10 2.21 2.00 5.49 5.74 5.50
AgBr 0.7 3.00 2.85 2.50 2.15 6.97 7.30 7.00
Agl 0.6 2.66 2.80 2.62 2.22 9.80 10.22 11.36

According to the classical theory of dielectric constant, 12.41-3,/E;—0.365 | M o4 3

electron polarizability («) for a material can be calculated “= 12.41 d x0.395x 107" em™ (13)

with the help of Lorentz—Lorentz relation which is given by:

-1\ M 24, 3
o= (n2 n 2) i x 0.395 x 107“" cm (12)
where Eg, M and d are energy gap (eV), molecular weight
( g/em?) of the substances, respectively. Estimated refrac-
tive index values from Eq. (11) are employed in Eq. (12) and
electronic polarizability values are estimated. It is interesting
to investigate the relationship between energy gap (E,) and
electron polarizability («). The following expression has
been obtained between energy (E,) and electronic polar-
izability («) for II-VI, III-V semiconductors and alkali
halides.

@ Springer

where Ey, M and d are energy gap (eV), molecular weight
(g/mol) and density ( g/cm?) of the substances, respectively.
The estimated energy gap (E,) values from Eq. (10) are
employed in Eq. (13) and electronic polarizability values are
estimated.

3 Results and Discussion

The present study is an attempt to correlate electronegativity
difference, energy gap, refractive index and electronic polar-
izability of II-VI, III-V semiconductors and alkali halides.
These physical parameters are computed using Egs. (10-13)
and are listed in Tables 1, 2, 3. An excellent agreement has
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been observed between the calculated and the values reported
by different workers [6,8—10,23-26] as well as the avail-
able experimental values. The accuracy of estimated phys-
ical parameters energy gap, refractive index and electronic
polarizability mainly depends on the reliability and precision
of the electronegativity difference (input data). The proposed
relationships between optical electronegativity, energy gap,
refractive index and electronic polarizability give an access
to study the nature of chemical bonding using the electro-
negativity concept. It can be observed from the tables that
as the electronegativity difference for the groups of semi-
conductors with common cation decreases with the energy
gap, refractive index and electronic polarizability increases.
The ionic character can be understood from the proposed
relations. Electronegativity difference of the atoms forming
a compound and band gap is interrelated. Compounds with
the ionic bonding have the largest band gaps and covalent
bond have the smallest ones. Electronegativity describes the
predisposition of an atom to absorb electrons, its units are
the square root of bond strength. Thus an atom with higher
electronegativity will be more reactive chemically than one
with lower electronegativity. When the electronegativities of
atoms engaged in covalent bonding are similar, this factor
has little influence on bonding. However, when the electro-
negativity difference of the two species is equal or more than
about 0.2 Units, small amounts of ionic bonding may take
place along with the covalent bonding.

Larger electronegativity difference involves higher degree
of ionicity in the bonding. It is probable that perfectly pure
covalent bonding normally does not exist in compounds
because no two atoms have identical electronegativity; small
degree of ionicity is present. After careful examination of
crystal structure, it is known that the wurtzite structure is
more favorable for crystals with larger difference of electro-
negativity between the two kinds of atoms. Thus the gen-
eral tendency is that the wurtzite structure is more proven in
comparison to zinc blende structure having a higher degree
of ionicity. The nature of bonding is clearly evident from this
discussion.

Estimated physical parameters in the present study are in
good agreement with the values reported by different inves-
tigators. Several other workers have also estimated these
parameters with distinct ideas. But all the methods enumer-
ated in the literature involve many experimental parameters.
The main advantage of the present model is the simplic-
ity of the formula, which does not require any experimen-
tal data except electronegativity difference of the materials.
The empirical relationship proposed in the present study will
stimulate basic research in describing the physical charac-
terization of compounds. In most of the cases, the values
coincide with that of others. Hence, it is possible to predict
the above parameters of the compounds with the knowledge
of only one parameter, the electronegativity difference.

4 Conclusion

A simple relationship for the study of energy gap, refrac-
tive index and electronic polarizability for II-VI, III-V
semiconductors and alkali halides has been presented. It
is observed from the table that the energy gap values for
the group semiconductors with common cation decreases
while refractive index and electronic polarizability increases.
Fair agreement between calculated and experimental elec-
tronic polarizability indicates the correctness of estimated
refractive indices in the present work. It is found that the
behavior of different materials within a group of com-
pounds is almost similar but significantly different from
the compounds of other groups. Even in [-VII compounds
the behavior of Cu halides and Ag halides is different
from those alkali halides. Similarly in II-VI group of com-
pounds the behavior of Zn chalcogenides and Cd chalc-
ogenides is also different from that of alkali earth chalc-
ogenides. This is mainly because of different nature of
chemical bond of these compounds. It is pertinent to
mention here that the inclusion of electronegativity has
direct bearing on the concept of chemical bond. High-
est electronegativity for a material indicates its strength of
ionicity, whereas low electronegativity represents its cova-
lency. From this study, it is possible to correlate electroneg-
ativity difference, energy gap, refractive index, electronic
polarizability and nature of chemical bonding. The pres-
ent approach in computing the above-mentioned parame-
ters for semiconductors and alkali halides is a step forward
in finding suitable relationship between electronegativity

difference, energy gap, refractive index and electronic
polarizability.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.
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