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Cohesive energy of some of the halides of Ag, Cu and TI, and of alkaline
earth chalcogenides, viz. sulphides, oxides, selenides and tellurides of Be, Mg,
Ca, Sr and Ba, have been computed by assuming different forms for the
interaction potential energy. The potentials consist of the Madelung and
van der Waals terms and three different forms for the overlap part. Cal-
culated values are in satisfactory agreement with the experimental results.

INTRODUCTION

Recently the success achieved by Kachhava and Saxena (1965) in pre-
dicting the cohesive energy of alkali halide crystals based on the knowledge
of interatomic forces has encouraged us to consider some other diatomic
crystals in this paper. For ionic diatomic crystals the interaction emergy
between two unlike atoms, @(r), at a separation distance r can be written as
(Born and Mayer 1932)

D(r) = ————“‘—;“+A13"/p, .- - @)

where « is the Madelung constant, e the electronic charge, ¢ and D are the
van der Waals constants, and 4; and p are the two constants of the overlap
part commonly called the potential parameters. These can be determined
with the use of the following relations (Born and Huang 1956):
od(r)
or

=0, at r =7y, .. . .. . (2)

and

2¢p1
rﬁg—dg;;r—)=%),alsoatr=ro. .. .. 3

Here r, is the equilibrium interionic separation, v the volume of the molecule,
and B the coefficient of compressibility.

Instead of assuming the exponmential form in eqn. (1) to represent the
overlap energy, two other alternative forms have also been very often employed,
viz. (@) inverse and (b) Gaussian. Hence the other forms for @(r) are

o) = — 2 — 2 - S5k R )
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and
2 C D
ds(r) = _“7_7—6—,-_8-’-1436-012' . .- (5)
We will utilize these two potentials also for calculating the cohesive energy
and the potential parameters (45 and n or 4; and o) will again be determined
from eqns. (2) and (3).
The cohesive energy per mole, W, is simply related with &(r) in the
following fashion:
W = —[NO(ro)+ ). R )

Here N is Avogadro’s number and ¢, is the zero-point energy per mole.

ConEesive ENEReY

Computed values according to eqn. (6) and for all the three potentials,
viz. exponential eqn. (1), inverse eqn. (4), Gaussian eqn. (5), are reported
in Table I. In this table are also listed the values of the various constants
required and used in the calculations. The experimental values of W shown
in Table I are of Mayer (1933) for the halides of Ag and T1; Mayer and Levy
(1933) for Cu halides; and of Weir (1957) for alkaline earth chalcogenides.
The various constants of heavy metal halides have been taken from Mayer
(1933) and Mayer and Levy (1933), while those of alkaline earth chalcogenides
from Huggins and Sakamoto (1957). References to the original sources are
given in these papers.

The experimental W values of Ag, Tl and Cu halides are more reliable
than those of alkaline earth chalcogenides. In spite of this we find that the
calculated values are always smaller than the experimental values. This
difference, in our opinion, is real though much importance cannot be attached
to it in the quantitative sense because of the large probable uncertainties in
the evaluation of the experimental values. The listings of Table I tend
to suggest a preference for Gaussian potential, though in certain cases expo-
nential potential seems to be about equally good.

While calculating W according to the procedure outlined above we have
neglected two important types of forces. Firstly, it has been assumed that the
bond is purely ionic while, as shown by Pauling (1960), it is partially covalent
also. The net effect of considering it would be to further lower the experi-
mental values of W. Secondly, we must also consider the polarization forces
which arise because each atom is polarized in the electric field of the other,
Rittner (1951) gave a quantitative description of these forces in the molecular
state. However, in crystals, and more so in highly symmetric crystals, the net
contribution of such polarization forces is considerably reduced due to mutual
‘balancing. The effect of these forces is to increase the value of W. Thus
it will be seen that the contributions of these two varieties of forces to W are
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opposite in sign and usually their magnitudes are approximately equal. This
explains the success very often achieved with the above-mentioned simple
potentials in explaining and correlating the various properties of ionic crystals.

Calculations of W for the heavy metal halides have been reported by
Mayer (1933), Mayer and Levy (1933), and more recently by Sharma and
Madan (1962). For alkaline earth chalcogenides Huggins and Sakamoto (1957)
have not only computed the values, but have also compared their results with
the calculated values of several previous workers (Mayer and Maltbie 1932;
Boer and Verwey 1936; Arkel and Boer 1931; Fowler 1936; Kapustinskii
and Yatsimirskii 1941 and Zdanow et al. 1935). A similar effort of Sherman
(1932) also needs to be mentioned. In most of the cases, at best the agreement
obtained on the whole is of the same status as reported here by us. For all
practical purposes the values given here may be regarded as fairly reliable
and any effort for refinement will be called for only after our knowledge is
supplemented with reliable values of such quantities as dipole moments of
these molecules and polarizabilities of these ions.

Kachhava and Saxena (1963) have also suggested an alternative procedure
for determining the two parameters of the potential even if the compressibility
data are not known, but the molecular constants are known. Thus the two
constants occurring in the molecular potential energy function

e2 ¢

d
¢(r)=———7l—6—78+ae"/f’, . (M

r

can. be determined from the conditions

a%(rr_)=0,atr=r¢ .. .. .. .. (8)
and
2
aat(z—’) =k, also at r = 7. .. .. o {9)

Here, r, is the equilibrium internuclear separation, k. the force constant,
¢ and d are the van der Waals constants, a and p are the molecular potential
parameters. Thus the constants ¢ and p of eqn. (7) can be determined from
the conditions of eqns. (8) and (9). The constant p being common between
eqns. (1) and (7) only one more constant A remains to be evaluated in eqn. (1)
which can be determined from eqn. (2). Thus, knowing the two constants,
the cohesive energy W can be determined from eqn. (6). Computed values
of W along with the relevant constants for the oxides of Be, Mg, Sr and Ba
are given in Table II. These values are in excellent agreement with the
reported values of Huggins and Sakamoto (1957) which are based only on
crystal constants. This is another confirmation of the procedure suggested
by Kachhava and Saxena (1963) for computing W using molecular constants.
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