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New relations are proposed for the evaluation of forbidden gap and bond en-
ergies of alkali semi-conductors. The forbidden gap energies for alkali semi-
conductors have been estimated based on the derived relations;

E;=E¢+35 and
E;=33+1.08(Ax?),

where E; and Eg are band gap and bond energies (in eV). Ax represents
Pauling electronegativity difference (x,— x3). The refractive index (n) is relat-
ed 1o the bond energy ( E) by the relation of the type:

Egen=20.

Different empirical relations are proposed for the estimation of bond ener-
gies, refractive indices and electronic polarizabilities of alkalihalides. In all
cases, the calculated and the literature values are in good agreement within a
maximum error of % 13%.
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Introduction

Numerous correlations have been proposed between band gaps and various
other quantities e.g., single bond energies, heats of formation per molecule,
atomic numbers, electronegativities etc. in literature.!* According to Postulate,’
the gap energy depends on the binding energy and the effective charge of
atoms, the gap energy being related to a great number of parameters that are
directly or indirectly connected with the binding energy or the lattice energy.
Goodman® proposed a linear relation between bond length and energy gap in
diamond-type structure. Pauling’ in fact, the covalent bond energy, between
two equally shared electrons at the minimum bond distance, is related to the
reciprocal of the bond length so that the gap energy, of the pure covalent
semiconductors of diamond type structure, should exhibit a similar relationship
as a function of bond length or bond strength. Suchet® relates the atomic and
structural results to the value of the energy gap by means of empirical formu-
lae allowing the computation of the homopolar and heteropolar contributions
to this value. Recently, Kumar et al’ have been proposed a modification of the
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well-known Moss formula relating to the refractive index to the energy gap ap-
plicable to alkali halides. Noting the success of Kumar e al®, Reddy et al'
have been proposed a linear relation between band gaps and refractive indices
of the alkalihalides.

The object of this paper is to study the correlation between band gap, bond
energy, electronegativities and refractive indices of alkali halides.

Band Gap and Bond Energies

Manca' and Moss!? relations are directly connected to the band gap, bond en-
ergies and refractive indices of alkali halides. Reddy e al!%!!!3 have been pro-
posed different relations on band gaps and bond energies of alkali halides. In
the present study, it is assumed that the following relations are suitable to eval-
uate band gaps and bond energies for alkalihalides. The relations are

E.=E¢+35, .. (1)
E;=33+1.08(Ax%), ... (2)
E=2+0.54(Ax), ... (3)
and

ESe"=207 e (4)

where E., E;, Ax and n are the band gap, single bond energy, Pauling elec-
tronegativity difference of the corresponding atoms and refractive index
respectively. Kumar et al® proposed a modified Moss relation, which connects
energy gap and refractive index. The relation is of the form (for alkali halides
only)

Ejnt=52.

In analogy, another form of equation is proposed, which relates between single
bond energy and refractive index:

Ese'=20.

For the evaluation of refractive index (n) and electronic polarizability (a) of
the alkali halides, the authors propose the following relations

n=2.049-0.11E; ... (5)

and

2—
a=0.396 x 10" % 0.012 E5—0451 E+ 3,2} y M

0.012 E2-0451 Es+62| d
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In all the above equations E; and E; are in the units of eV. Here M and d are
molecular weight and density of alkali halides. The necessary single bond ener-
gies, electronegativities, refractive indices and other parameters are taken from
Pauling’ and Kumar et al’

According to Manca,’

E; = a(E,—b),

where a and b are constants with the value of ‘@’ approximately equal to 2. In
the present investigation it is known that if 5=0.4653 is taken as constant,
one may achieve fairly good values of E..

Results and Discussion

The calculated band gaps for alkali halides from relations 1 and 2 are present-
ed in Table I. Noting the success of Manca! and Vijh,%>. Reddy er al propose
the above simpler formulae (eqs. 1 & 2) for alkali halides. It is known that E;
is related to Eg and E values are estimated through Pauling electro-negativit-
ies. The experimental E; values cited in literature® are approximate. As such

Table 1
Single band-gap energies (eV) of alkali halides

Alkali Eg Calculated E; values Eg
halide @ (Reddy
Eq.(1) Eq.(2) et al)'®
LiF ~12 9.41 13.02 9.49
LiCl ~10 8.34 7.62 7.02
LiBr -85 7.82 6.79 591
Lil 259 7.17 5.73 4.38
NaF 210.5 8.83 13.67 9.99
NaCl 8.6 7.73 8.06 8.13
NaBr 7.7 7.24 7.19 7.21
Nal 258 6.86 6.06 6.00
KF 10.9 8.57 14.35 9.77
KC1 8.5 7.84 8.52 8.59
KBr 7.8 7.41 762 7.96
KI >6.2 6.85 6.42 6.88
RbF 10.4 8.50 14.35 943
RbCl 8.2 7.84 8.52 8.56
RbBr 7.7 7.40 7.62 8.02
RbI 26.1 6.80 6.40 7.15
CsF 10.0 8.65 15.06 8.65
CsCl »3.0 L] 9.01 7.50
CsBr 7.8 7.66 8.06 6.95
Csl 263 7.06 6.79 5.88
Average % deviation 9.69 8.67

Qafter Kumar et al®
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the present authors proposed’® an empirical relation for the evaluation of E
involving accurate experimental refractive indices. The proposed relation!? is
of the form

E, = —9.12 n+22.184.

The estimated Eg; values are substituted in the well-known Moss!? and Lo-
rentz-l.orentz relation, electronic polarizabilities of alkali halides are evaluated.
The average percentage deviation in the above study'? is 5.58. Considering the
above E; values are accurate, average percentage deviations are estimated and
are presented in Table I. The average percentage deviation mentioned from eq.
(2) is 8.67% except Fluoride molecules. As seen from Table 1, it is concluded
that eqs. 1 and 2 are considered to be the best. Moreover, they are agreeing
within + 1%.

Single bond energies are also estimated utilising egs (3) and (4) are present
in Table II. The results are in good agreement with the values of Pauling.” The

Table II

Single bond energies (eV), refractive indices (n) and electronic polarizabilities
(10724 cn®) of alkali halides

Alkali E Estimated Evalues n Electronic Polarizabilities (a)
halide (Pauling)’ Eq.(5)
Eq.(3) Eq.{4) Eq.(6) Kumar et
al? Literature!’
LiF 591 6.86 4.97 1.3986 0.944 1.032 0.887
LiCl 4.84 4.16 3.79 1.5163 2.456 2.428 2.976
LiBr 4.33 4.74 3.35 1.5724 3.272 3.269 4,120
Lil 367 3.21 2.83 1.6450 5.505 6.010 6.145
NaF 5.33 7.18 5.25 1.4624 1.791 1.885 1.148
NaCl 423 4.38 4.28 1.5834 3.579 3.497 3.237
NaBr 3.74 3.94 387 16373 4572 4.422 4.381
Nal 3.37 3.38 3.39 1.6780 6.109 6.463 6.406
KF 5.07 7.52 5.12 1.4910 2.691 2.625 1.991
KCl 4.34 4.61 4.50 1.5713 4.897 4.901 4.080
KBr 391 4.16 4.20 1.6186 6.015 5.916 5.224
KI 3.35 3.56 3.77 1.6802 7.946 8.133 7.249
RbF 5.00 7.52 494 1.4987 3418 3.393 2.537
RbCl 4.34 467 4.49 1.5713 5.628 5.746 4.626
RbBr 3.90 416 423 1.6197 6.872 6.795 5.770
Rbl 3.30 3.56 3.85 1.6857 9.019 9.244 1.795
CsF 5.15 7.88 5.53 1.4822 4.176 4,372 3.601
CsCl 458 485 3.99 1.5449 5.292 5.693 5.690
CsBr 4.16 4.38 3.76 1.5911 6.422 6.458 6.834
Csl 3.56 374 3.34 1.6571 8.401 8.768 8.859°

Average % deviation 7.02 9.22 12.55 10.9
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average percentage deviation in the case of eq. (3) is 7.02% except fluorides. A
slight deviation has been observed for the single bond energies of lithium ha-
lides using eq. (4). Several explanations have been given for the deviation of
fluoride from other halides.'*!> Normally the first member of a periodic group
differs from the remaining members of the group. In the case of fluorine, it is
more pronounced.’® Eq (4) is entirely a new one and which is similar to the
Moss relation.” The constant in Eq. (4) is unique in the sense that it repre-
sents the best overall fit with experimental data.

Utilising eq (5), the refractive indices are evaluated and are presented in
Table II. From Lorentz-Lorentz relation and eq. (5), we have equation for the
evaluation of electronic polarizability (a). The relation (6) is interesting and
significant because it relates the electronic polarizability directly to single bond
energy. The evaluated electronic polarizabilities are reasonably in agreement
with Kumar er al’ values. The relation (6) should be useful in evaluating an
approximate value of the single bond energy of alkali halide directly from its
electronic polarizability.
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