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Abstract
/

The electrostatic energy of a cluster up to 2000 ions can be calculated by numerical summation of the Coulomb
interactions between all cluster ions. The energy difference between a cluster with a point defect and the

corresponding perfect cluster represents the formation energy of the defect. Formation energies of Schottky-like
defects in 16 alkali halides (Li-Rb, F-I) were calculated. It can be shown, that the relative positions of the

vacancies and the position of the removed ions on the surface have a strong influence on the energy of the
defect formation process.
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L INTRODUCTION

Vacant lattice sites and interstitials, collectively called point defects play an important

role in all classes of crystalline solids for the understanding of matter transport processes, e.g.,

diffusion phenomena, ionic conductivity and annealing of radiation damage [1], Many of the
technologically important physical properties of crystalline solids like mechanical strength,
kinetics of phase transformations, photoconductivity, color, etc. are strongly depend up on the

type and concentration of point defects present in crystals. Point defects find practical
applications in tamable color center lasers, in the radiation dosimeters and in high density

memory devices.

Research into ciystal defects is an active and rapidly advancing area of solid state

science. As defects are studied in more detail, [2] using high resolution electron microscopy

and other techniques, coupled with computer-assisited modeling of defect structures it is

become clear that the apparently simple point defects such as vacancies and interstitials are
often, more complex. Instead of single atomic defects, larger defect clusters tend to form. One
of the prime interest of scientists working with defect crystals is concerned with the control of
the concentration of the various defects in the crystals and hence the control of the ciystal
properties related tu these defects [3], The defect concentration in turn depends, first of all, on
the formation energy of the defect.

Formation of a Schottky defect in ionic crystals can be seen in a simple way as the
removal of two ions of opposite charge from the bulk to the surface of a crystal. The

neighboring ions may relax due to interionic forces. The Schottky formation energy cau be

defined as the difference between the energies of the corresponding configurations: tire crystal
with the defect and the perfect ciystal.
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I

Calculations of the formation energies of vacancies and Schottky defects in alkali

halides have been made by different workers using different methods and models. These

authors deal intensively with the influence of the different parts of ionic interactions, with

polarization effects and relaxation phenomena [4 -7]. The method previously employed by

most workers [8] is an extended Mott-Littleton approach, calculation of the Schottky defect

energies employing the simple Bom-Mayer model [9] and a force balance method for the

evaluation of equilibrium relaxation. According to tliis treatment the ciystal is divided into two

regions, I and II. A review of the influence of assumed models on the calculated Schottky

formation energies have been given by Tosi M.P. and Fumi F.G. [5], The publication of Scholz

A.H. [4] considers a large region I containing 256 ions arouud a vacancy, he considered the

influence of region II, the interaction of region I and region II and studied the influence of van

der Waals attractive energies on Schottky formation energies. Rao K.J. and Rao C.N.R. [8]

used the modified Bom model which includes higher van der Waals term and appropriately

adjusted repulsive terms. Tosi M.P. and Doyama M. [10] employed the repulsive parameters

of Fumi and Tosi and expressed the energy of a given defect configuration, relative to the

perfect ciystal, as the sum of the energy required to create the defects in a rigid lattice and the

iclaxailuii eiicigy. FluwcVei l<fss woi k Ms b<34ii done about the effect of the tekuive positions

of the vacancies in the interior of a ciystal and a position of the removed ions on the surface of

a ciystal.

hi recent research work the possibility to calculate the electrostatic euergies [11] by

summation of Coulomb interactions using modem computer techniques was shown. By this

method the energy of small clusters of ions is calculated and from these cluster energies the

electrostatic energies of an infinite ciystal can be derived by extrapolation. This method allows

also to calculate the energies of the clusters with differences in the arrangements of a single
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ion or few ions. Hence it is possible to calculate the energy difference between a perfect

cluster and a cluster with such differences, These values are the formation energies of the
corresponding point defect.

In this master thesis the calculations of the formation energies of Schottky defects in

sixteen alkali halide clusters having NaCl structure have been canied out employing a very
simple potential model which considers only electrostatic interactions of all ions in the cluster.
These results are compared with other works which employ refined but computationally

expensive potential models. From these values of Schottky formation energies a strong effects

of the distance between the positive and negative ion vacancies and the positions of the

relocated ions on the surface on the energy of the defect formation process, have been studied.
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II. LITERATURE REVIEW

Most theoretical attention has been given to the study of the clusters of alkali halides.
The reasons for these are: [1,12] the simple ionic binding character of alkali halide solids, the

relative ease with which molecular scale particles or clusters of these materials can be formed
and studied, and the availability of straightforward and accurate theoretical potential models
for calculating the energetic interaction within the clusters. The following discussion concerns

itself with some aspects of alkali halide clusters.

1.Bulk and Surface Structure of Alkali Halide Crystals

A crystal structure may be described in various ways. The most common way, and one

which gives all the necessary information, is to refer the structure to the unit cell [2], The

structure is then given by the size and shape of the cell and the positions of the atoms inside

the cell. At standard temperature and pressure the sixteen salts of lithium, sodium, potassium

nnd rubidium with fluorine, rhlnrine, hrnmine nnd inrtine linvf the fnre mitered nihirj sndimn
chloride structure [12]. The unit cell of alkali halides with NaCl structure is shown in Fig. 1; it

contains Na+ ions at the comers and the face center positions with Cl' ions at the edge centers

and body center. The three edges of the cell a, b and c are equal in length. The three angles of
the cell a (between b and c). p (between a and c) and yfbetween a and b) are equal to 90 0 [2].
The crystallogr aphic coordinates of the eight ions in the unit cell of the NaCl structure with

the Na+ in the origin of the coordinates are listed in Tab. (1). The choice of the origin is

somewhat arbitrary and an equally valid unit cell could be chosen in which the Na+ and Cl' ions
were interchanged. In this structure both anions and cations are octahedrally coordinated

[2,13] with interionic distance of 0.5a , where a is a lattice constant. CsF also has this
structure but the other halides have the unit cell of primitive cubic, CsCl structure, containing

halide ions at the comer and alkali-metal ions at the body center or vice versa.
































































































































































