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The lattice energies of PbSe and PbTe have boen calgulated, and found to be respec- .
tively 686§ keal/mole and 671 -0 keal/mole, neglecting the contributions due to multipole
interactions and zero point energy. ‘ ) -

H

Semiconductors of ATV BVI type, generally denoted as polar semiconductors, are
known to have an ionic crystal structure 123 Because of their application as infrared
detectors and thermoelements, they have been intensively investigated by many workers,
" As the crystal structure is determined by the dominant binding force, the main part of
the binding energy in these crystals is due to Coulomb attraction between the ions. How-
ever, according to Tsidil' Kovskii® the above classification is not well founded, especially
with regard to PbTe and PbSe. , .

The type of binding is deduced from the lattice energy, dimensions and polarizabilities

“of ions and from differences in the electronegativities of components. Although some’

calculations of lattice energy of PbSe have been reported by Sherman®, the corresponding
value for PbTe is not available.

According to Born® the energy per unit cell is given by the equation :
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where e is the electronic charge,
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« is the largest common factor in the valencies of the ions,
p is the number of stoichiometric molecules in the unit cell,

A is the constant depending only on the structure of the crystal (Madelung Constant),
and 7 is the repulsive exponent. :

At the equilibrium separation ~—Z—Z— = 0, we get
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where R, is the distance between adjacent ions.

Using this relation to eliminate B from (1) we obtain
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Now, the lattice energy per mole is given by

Ng - ‘
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where NV is the Avogadro’s number.

Substituting the value of ¢, in (3) we get
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As both PbSs and PbTe have the same structure as sodium chloride, the value of
Madelung constant 4 is taken to be 1-747558. - Using the value of B, for PbSe and PbTe
from available X-ray crystallographic data’ and the values of n from the same considera-
tion as that used by Sherman and others (i.e. n=11-0 for PbSe and n==12-0 for PbTe)
‘we have calculated the values of lattice energy for PbSe and PbTe.: ,

Subst1tutmg the values of B, «, A, N, e and n in equation (4) we obtain :
U, =686-8 kcal/mole for PbSe.

U, =671-0 keal/mole for PbTe.- -

In these calculations we have not taken into consideration the contributions due to Van-
der Waals attraction between the ions, i.e. multipole interactions and the contribution of
the zero point energy. However, accordmg to Mott and Gurney® these factors do not
contnbute more than 1 to 2 per cent to the total lattice energy.
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