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A simple correlation between the high-frequency refractive index and electronegativity difference has been
established for large number of ANB®™" type binary semiconductors. The proposed relation has been applied
satisfactorily to evaluate the refractive index of binary semiconductors belonging to groups I-VII, II-VI, III-V
and IV-VI. The estimated values of refractive index from present relation are utilized to calculate the electronic
polarizability of compounds by applying the Lorentz—Lorentz formula. Our calculated values of refractive index
and electronic polarizability are in good agreement with the values evaluated by earlier researchers.
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1. Introduction

The compound semiconductors have potential appli-
cations in the fields of electronics, optical, optoelectronic
devices and nowadays in nanotechnology and biotechnol-
ogy [1-5]. Due to technological importance of these ma-
terials, the experimental and theoretical study of funda-
mental properties of such compounds has attracted much
attention [6-10]. The optical refractive index is one of the
fundamental properties of materials because it is closely
related to the electronic polarizability of ions and local
field inside the material, which plays an important role
in determining the electrical properties of such materials.
Therefore, the evaluation of refractive index has been a
matter of considerable importance and several investiga-
tions have been carried out for this purpose [11-21].

Moss [11] made first attempt to interrelate the refrac-
tive index and energy band gap in semiconductors and
proposed a relation as

Egn* = 95¢V, (1)
where n, E, are the optical refractive index and the en-
ergy band gap, respectively. This relation was based on
the general assumption that all energy levels in a solid
are scaled down by a factor of 1/e2;, where ¢ is effec-
tive dielectric constant. A review article on this subject
can be found in Ref. [12]. Ravindra et al. [13] have pro-
posed a linear relation governing the variation of optical
refractive index with energy gap between bonding and
antibonding states as

n =4.08 — 0.62F;. (2)
But this relation does not provide reasonably good results

for compounds having low values of the refractive index.
Finkenrath [14] has widely pointed out the shortcomings
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of Ravindra’s relation at low and high values of refractive
index. Gopal [15] has modified Penn model [16] for semi-
conductors possessing high frequency dielectric constant
and proposed a general formula relating refractive index
with energy band gap. In order to remove the short-
comings of Moss [11] and Ravindra’s relation [13], Reddy
et al. [17] have proposed another relation between refrac-
tive index and energy gap in the semiconductors. This
relation is as follows:

n = 3.59 — log, E,. (3)
Based on the theory of vibrations, Hervé and Vandamme

[18] proposed the following relation for refractive index
as:

n= 1+<Eg‘iB)2, (4)

where A = 13.6 eV and B = 3.4 eV are constants. Hervé
and Vandamme [18] predicted that this relation provides
the lowest deviation for III-V, I-VII group semiconduc-
tors and chalcopyrite. This model is accurate for most
materials usually employed in the optoelectronic device
structures and high band gap materials. However, it
does not explain the behavior of the IV-VI group semi-
conductors. Bussmann-Holder [19] has investigated the
interplay of polarizability and ionicity in some IV-VI
compounds within a diatomic linear chain model. Pan
et al. [20] have studied the effect of the electronegativ-
ity and bond ionicity on energy band gap (Eg) and the
refractive index (n) in nitrogen-doped SnOs and other
doped semiconductors by extending Bussmann-Holder’s
model. Recently Reddy et al. [21] have proposed an inter-
esting relation between optical refractive index and elec-
tronegativity difference for large number of binary and
ternary chalcopyrite semiconductors, insulators, oxides
and alkali halides. For binary compound semiconductors
having low values of the refractive index (1-2), this rela-
tion gives better results, but for high value of refractive
index (4.0-5.7) the deviation is very high (45.5%). Sev-
eral models based on energy gap and electronegativity
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difference have been proposed by earlier researchers for
calculating the refractive index of materials, but they are
mostly applicable to limited number of materials.

In the present work, we propose a simple correlation
between optical refractive index and electronegativity
difference for ANB®~ type binary compound semicon-
ductors (including I-VII, II-VI, III-V and IV-VI group
compound semiconductors). The results obtained from
present approach are found to be consistent with the
known values and reported by other authors. The va-
lidity of earlier proposed relations [21] have been exam-
ined for these compound semiconductors and pronounced
deviations between known and evaluated values of re-
fractive index were observed. Employing the Lorentz—
Lorentz formula in classical theory, the electronic polar-
izability of these group semiconductors has also been cal-
culated.

2. Theory and calculation

The optical electronegativity is a key parameter to un-
derstand the nature of chemical bonding and other im-
portant parameters. Duffy [22, 23] has correlated the en-
ergy gap and optical electronegativity difference for var-
ious binary systems as

E, =3.72(Ax"), (5)
where AX* = [sznion - AXzation] and AX;;nion and
Ax? tion are optical electronegativites of anion and
cation, respectively. Using Duffy relation, Eq. (5), Reddy
et al. [21] have modified Hervé and Vandamme relation
[18] and proposed an interesting relationship between re-
fractive index, energy gap and optical electronegativity
difference as

n_\/H(?m‘;w)z. (6)

In addition, they have also modified Moss [11] and Ravin-
dra’s relation [13] which are given as follows:
 [25.54]"*
n= Ax:

(7)
and

n = 4.08 — 2.3064 (Ax™). (8)

Singh et al. [24] have correlated electronic dielectric
constant and average energy gap as

Eoo =1+ VES, (9)
where £, is optical dielectric constant, b and S are an
ion characteristic constant and family characteristic con-
stant, respectively. Using Eq. (5), above relation (9) can
be written as

oo = 1+ b(3.72A¢")° . (10)
Since optical refractive index is related to dielectric con-
stant as n? = e, Eq. (10) can be rewritten as

n?—1

b

Ax*S = ”26_1, where ¢ = 3.72° is a constant.

= (3.712Ax")° . (11)

1/8
Ay = —1/5p2/8 [1 B 12} ,
n

1
Ay* = -1/S5,2/S 1— —
X c n n52+ ,

using binomial expansion up-to the second term since
1

<1
’I’L2 bl

1 1
« _ —1/S_2/S —2(1-1
Ax* =c n Se1/5 " ( ),
AX* — lnﬂl +l/nm’
where | = ¢ V5, I = ﬁ and m = %, m =

—2(1— %). Employing values of constants, the contri-

bution due to second term, I'n™ is found negligible and
hence,

Ax* = In™,
n =kAx*, (13)

which is our proposed relation between refractive in-
dex and electronegativity difference. Here k& and ~
(v = —0.32) are constants, which have been obtained
by optimizing known values of refractive index (n) and
electronegativity difference (Ax*) data in regression soft-
ware. In present work, the necessary optical electroneg-
ativity difference data were taken from Refs. [25, 26].
Using Eq. (13), we have calculated the refractive indices
for binary compound semiconductors belonging to groups
I-VII, I1-VI, III-V and IV-VI, and presented in Table I.
The proposed relation is found to hold well with a con-
stant value of k for each group of compounds such as
I-VII (k = 2.0), II-VI (k = 2.4), III-V (k = 2.38), and
IV-VI (k = 4.0) compounds. The evaluated values show
a systematic trend and are consistent with the available
data reported so far, which proves the validity of the
present approach. The value of the constant & is consid-
ered to be the characteristics of each group of semicon-
ductors. It is not unique for all groups of semiconductor,
in contrast with the unique values as predicted by other
authors. In Table I a comparison has also been made
between our calculated values with the Reddy modified
relations Eqs. (6), (7) and (8).

The calculated refractive index from Eq. (13) has been
utilized to evaluate the electronic polarizability (ce) by
applying the Lorentz—Lorentz formula [31] as

2 1M
Qe = — 3.95 x 1072 cm?, (14)

where M and d are molecular weight and density of com-
pounds, respectively. The present calculated and known
values of electronic polarizability have been presented in
Table II. A comparison has also been made between our
calculated values and reported by earlier researchers in
the same table. Our calculated values of ¢, are in closer
agreement with the known [27, 28, 32] one and earlier
reported values [13, 15, 17, 29].
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Refractive index (n) of binary compounds. TABLEI
Ax* Known Present Calc. by Reddy et al. [21]
Compounds values work Hervé Moss | Ravindra
125, 261 | 113 27-30] | Bq. (18) | Bq. (6) | Ba. (7) | Eaq. (8)
I-VII
LiF 3.0 1.39 1.41 1.37 1.71 NA
LiCl 2.0 1.66 1.60 1.60 1.89 NA
LiBr 1.8 1.78 1.66 1.68 1.94 NA
Lil 1.5 1.95 1.76 1.81 2.03 0.62
NaF 3.1 1.34 1.39 1.35 1.69 NA
NaCl 2.1 1.54 1.58 1.51% 1.82% NA
NaBr 1.9 1.64 1.63 1.58% 1.88% NA
Nal 1.6 1.77 1.72 1.76 2.00 0.39
KF 3.2 1.36 1.38 1.34 1.68 NA
KCl 2.2 1.49 1.55 1.52% 1.83% NA
KBr 2.0 1.56 1.60 1.58% 1.87* NA
KI 1.7 1.68 1.69 1.72 1.97 0.159
RbF 3.2 1.40 1.38 1.34 1.68 NA
RbC1 2.2 1.49 1.55 1.54% 1.85% NA
RbBr 2.0 1.55 1.60 1.58% 1.88% NA
Rbl 1.7 1.65 1.69 1.72 1.97 0.159
CsF 3.3 1.48 1.36 1.32 1.67 NA
CsCl1 2.3 1.61 1.53 1.56* 1.86% NA
CsBr 2.1 1.67 1.58 1.60* 1.89% NA
CsI 1.8 1.79 1.66 1.72% 1.97* 0.19*
CuF 2.1 1.58 1.58 1.57 1.87 NA
CuCl 1.1 1.93 1.94 2.26* 2.32% 2.03*
CuBr 0.9 2.10 2.07 2.38% 2.39% 2.28*
Cul 0.6 2.35 2.36 2.37* 2.38* 2.26*
AgF 2.0 1.70 1.60 1.60 1.89 NA
AgCl 1.0 2.00 2.00 2.16 2.25 1.77
AgBr 0.9 2.15 2.07 2.25 2.31 2.00
Agl 0.6 2.22 2.36 2.61 2.55 2.70
1I-VI
MgO 1.93 1.63 1.94 1.63* 1.91% NA
Mg$S 1.27 2.26 2.22 1.75 1.99 0.339
MgSe 1.20 2.43 2.26 1.54 1.85 NA
MgTe 0.79 2.65 2.59 1.48 1.80 NA
CaO 2.50 1.82 1.79 1.73% 1.98% 0.21%*
Ca$S 1.50 2.12 2.11 2.49 2.46 2.48
CaSe 1.40 2.26 2.16 2.21 2.28 1.91
SrO 2.50 1.80 1.79 1.70% 1.96* 0.06*
SrS 1.50 2.10 2.11 2.10 2.21 1.63
SrSe 1.40 2.21 2.16 2.01 2.15 1.34
SrTe 1.10 2.41 2.33 1.78 2.01 0.482
BaO 2.55 1.98 1.78 1.87* 2.07* 0.87*
Ba$S 1.60 2.15 2.06 1.78 2.01 0.48
BaSe 1.50 2.27 2.11 1.62 1.90 NA
ZnO 1.90 2.00 1.95 2.16* 2.25% 1.79%
ZnS 0.90 2.39 2.48 2.20* 2.28% 1.89%
ZnSe 0.80 2.43 2.58 2.49* 2.47* 2.49*
ZnTe 0.50 2.70 3.00 2.61* 2.55% 2.68*
cdo 0.67 2.68 2.73 2.52* 2.48* 2.53*
cds 0.90 2.38 2.48 2.55% 2.51% 2.60*
CdSe 0.86 2.44 2.52 2.85% 2.74% 3.03*
CdTe 0.38 3.23 3.27 2.99* 2.85% 3.19*
111-V
AIN 1.43 2.20 2.12 2.14% 2.24% 1.73%
AlP 0.60 2.75 2.80 2.35% 2.37* 2.23%
AlAs 0.50 2.92 2.97 2.65% 2.58* 2.75%
AlSb 0.40 3.19 3.19 2.90* 2.78* 3.09*
GaN 1.40 2.24 2.14 2.28% 2.33* 2.07*
GaP 0.50 2.90 2.97 2.61* 2.55% 2.70*
GaAs 0.37 3.30 3.27 3.04%* 2.90* 3.25%
GaShb 0.24 3.75 3.76 3.38% 3.29* 3.58*
InN 1.26 2.35 2.21 1.96 2.12 1.17
InP 0.41 3.10 3.17 3.08%* 2.94% 3.30*
InAs 0.30 3.51 3.50 3.76%* 4.04% 3.86*
InSb 0.23 3.96 3.81 3.93%* 4.80* 3.97*
1V-VI
SnS 0.70 4.42 4.48 2.48 2.46 2.47
SnSe 0.60 4.79 4.71 2.61 2.55 2.70
PbS 0.70 4.15 4.48 2.48 2.46 2.47
PbSe 0.60 4.78 4.71 3.82% 4.27* 3.90*
PbTe 0.30 5.73 5.88 3.79* 4.16* 3.88*
Average dev. [%] 3.53 10.28 14.57 31.37
Quantities with an asterisk* are taken from Ref. [21],
those without are from present calculations; NA — not applicable.

3. Results and discussions

In the present paper, we have presented an empirical
relation relating refractive index with the electronegativ-
ity difference between constituent atoms of binary com-
pound semiconductor. The computed refractive index
from proposed relation for I-VII, II-VI, III-V and IV-VI

TABLE II
Electronic polarizability (ae) of binary compounds.
Density Electronic polarizability [10~ 2% cm3]
Compounds| M° |[z/cm?][ Known | Present |Ravindra|Gopal|Reddy |Kumar
weight [27, 33] | _velues work et al. |[et al.|et al. | et al.
’ [27,28, 32]|Eq. (10)| [13] (151 | 7] | [29]
LiF 25.937 2.64 0.89 0.96 1.14 1.03
LiCl 42.392 2.07 2.98 2.78 2.55 2.43
LiBr 86.843 3.46 4.12 3.65 3.51 3.27
Lil 133.843 3.49 6.15 6.21 6.95 6.01
NaF 41.988 2.56 1.15 1.54 1.81 1.89
NaCl 58.443 2.17 3.24 3.53 3.47 3.49
NaBr 102.894 3.20 4.38 4.51 4.48 4.42
Nal 149.894 3.67 6.41 6.38 6.97 6.46
KF 58.10 2.48 1.99 2.14 2.28 2.63
KCl 74555 | 1.98 4.08 a.77 469 | 4.90
KBr 119.006 2.75 5.22 5.86 5.74 5.92
KI 166.006 3.13 7.25 7.99 8.47 8.13
RbF 104.468 3.56 2.54 2.68 2.96 3.39
RbCl1 120.923 2.80 4.63 5.47 5.40 5.75
RbBr 165.374 3.35 5.77 6.69 6.51 6.79
RbT  [212.374] 3.55 7.80 9.01 057 | 9.24
CsF 151.903 4.12 3.60 3.25 3.85 4.37
cscl [168.358| 3.99 5.69 5.17 5.44 | 5.69
CsBr 212.809 4.44 6.83 6.28 6.46 6.46
CslI 259.809 4.51 8.86 8.37 8.97 8.78
CuF 82.54 4.23 2.57 2.56
CuCl 98.99 4.14 4.50 4.53 4.82 5.75 5.77
CuBr 143.45 4.98 6.05 5.94 6.58 7.27 7.27
Cul 190.44 5.62 8.05 8.06 8.43 8.93 8.88
AgF 126.87 5.85 3.31 2.94
AgCl | 14332 5.56 5.00 5.09 5.60 | 6.36 | 6.39
AgBr | 187.78 | 6.47 6.27 5.99 6.81 | 7.42 | 7.39
Agl 234.77 | 6.00 8.76 9.31 9.20 |10.07]| 9.97
MgS 56.38 2.84 4.53 4.45
MgSe 103.27 4.21 6.00 5.61
MgTe 151.91 4.54 8.82 8.66
CaO 56.08 3.32 2.90 2.83
CaS 72.14 2.50 6.13 6.09
CaSe 119.04 3.57 7.62 7.22
sro 103.62 | 4.70 3.72 3.69 273 | 420 | 484
srs 119.68 | 3.70 6.80 6.83 401 | 7.03 | 7.10
SrSe 166.58 | 4.38 8.47 8.24
SrTe 215.22 4.83 10.84 10.5
BaO 153.34 5.72 5.22 4.44
BaS 169.40 4.25 8.61 8.20
BaSe 216.30 5.02 9.88 9.10
ZnO 81.37 5.61 2.86 2.78 2.43 3.31 3.34
ZnS 97.43 | 3.08 5.91 6.12 446 | 572 | 5.76
ZnSe | 144.33 | 5.42 6.53 6.87 6.65 | 7.04 | 7.00
ZnTe 192.97 6.34 8.14 8.74 8.09 8.38 8.29
Cds 144.46 4.82 7.20 7.49 7.78 8.10 8.04
CdSe 191.36 5.51 8.10 8.79 9.52 9.67 9.58
AIN 40.99 3.26 2.79 2.68 1.98 2.84 2.86
AlP 57.96 2.85 5.51 5.59 4.55 5.09 5.09
AlAs 101.9 3.81 7.55 7.64 7.23 7.45 7.38
AlSb 148.73 4.22 10.49 10.5 10.3 10.47 | 10.36
GaN 83.73 | 6.10 3.10 2.94 283 | 3.33 | 3.34
GaP 100.69 | 4.13 6.85 6.96 652 | 6.73 | 6.66
GaAs 144.64 5.32 8.24 8.20 8.16 8.31 8.23
GaSb 191.47 5.62 10.94 11.0 10.73 11.05 | 11.00
InN 128.83 6.88 4.45 4.17 5.19 5.31 5.26
InP 145.79 4.79 8.92 9.02 9.22 9.39 9.29
InAs 189.74 5.66 10.47 10.5 10.89 11.35 | 11.53
InSb 236.57 5.78 13.42 13.2 13.44 14.09 | 14.56
SnS 150.75 5.22 9.82 9.86
SnSe 197.65 6.18 11.11 11.1
PbS 239.26 | 7.61 10.48 10.7 | 10.18 |10.60|10.73
PbSe 286.15 8.15 12.19 12.1 11.45 11.97 | 12.16
PbTe 334.79 8.16 14.81 14.9 13.36 13.95 | 14.21
Average dev. [%] 5.38 10.1 9.64 | 11.63 | 16.51

groups binary semiconductor agree well with the recently
reported [18] and known values [13, 27-30]. The behav-
ior of different compounds within a group of compounds
has been found almost similar, but significantly different
from the compounds of the other groups. It is interest-
ing to note that all groups of binary compound exhibit
linear variation of electronegativity difference with the
optical refractive index. Our calculated refractive index
from proposed relation hardly deviates 0.27% to 11% and
the maximum discrepancy for refractive index is 19.0%
(MgO) from known values. In addition, the maximum de-
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viation for low values of n (1-2) has been found to 10.2%
in comparison to earlier modified Eqgs. (6), (7) and (8)
which give 17.1%, 26.1%, and 96.7%, respectively. Sim-
ilarly, for high values of n (4.0-5.7) it has been found
to be 7.95% in comparison to recently modified Eqgs. (6),
(7) and (8) which give 45.5%, 46.8% and 44.1%, respec-
tively. This indicates that our proposed relation, Eq. (13)
makes reasonably good predictions for both low and high
values of refractive index. The low values of the average
percentage deviation (5.38%) in electronic polarizabilities
for all studied binary compound semiconductors indicate
the correctness of the estimated refractive indices in the
present work.

4. Conclusion

From the above results and discussions obtained by us-
ing the present approach, we conclude that the proposed
relation between optical refractive index and electroneg-
ativity difference holds well for large number of ANB3—V
type binary semiconductors and gives better results in
comparison to earlier proposed relations. The reason-
able agreement between our calculated and previously
known values of «, indicates that the proposed relation
is useful and more accurate for estimating the optical
refractive index. The minimum average percentage de-
viation (3.53%) for refractive index obtained in present
study indicates the soundness of present approach. It is
natural to say that present approach can easily be ex-
tended to the other complex compounds for which work
is in progress and will be appearing in the forthcoming
papers.
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