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I. PROBLEM SESSION 3, WEEK 4

A. Problem 3.1

Consider a liner ionic crystal containing 2N ions of alternating charge ±q. Assume two different repulsive potentials:
(a) A/R and (b) A/R2 . What would be the equilibrium separation between atoms (R0 ) and total energies for crystals
(a) and (b)? What would be the total energy associated with crystal (b) if it is compressed so that the separation
between atoms is R = R0/2?

B. Problem 3.2

Figure 1: The Lennard-Jones potential is an approximation of the potential responsible for cohesion between two elements, the
equilibrium position is in the local minima of the potential.

Using the λ and ρ values taken from Table 7 in the Kittel book (p.66) and Madelung constants given in p.65 (Kittel
book) calculate the cohesive energies of KCl in cubic zinc blend and rock salt structures. Compare the values and
conclude.

C. Problem 3.3

Figure 2: Classification of defects in a crystal. In this problem we will consider only vacancies, but the treatment can also be
used for other defects (with different activation energies).

Real crystals have defects, but the concentration of different kinds of possible defects in a crystal in thermal
equilibrium can be derived from basic thermodynamic considerations. Show that the minimum free energy in a
crystal having N sites is reached only when a certain number of defects (n) are available. Derive an expression for the
concentration of vacant sites (CV ) in a crystal kept at temperature T and compressive isotropic pressure P Explain
the quantities of activation energy and activation volume.
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Hint: Minimize the free energy G = U − TS + PV , expressed as a function of the number of impurities. The relation
ln X ! ≈ X(ln X − 1), valid for large X , might be useful.

D. Problem 3.4

Figure 3: The activation energy is also very relevant for diffusion of impurities.

Suppose that the energy required to remove a silicon atom from the bulk of a silicon crystal to the surface is 4eV.
Calculate the concentrations of Schottky vacancies in Si at normal conditions at 300 and 1687K. Assume that the
activation volume of a silicon vacancy is roughly equal to the Si atomic volume in the crystal. How much of isotropic
pressure, in terms of magnitude and sign, should be applied at 300K to lift the vacancy concentration up to that
1687K? Note, that 1687K is a melting temperature for Si at normal conditions.


