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ABSTRACT

//
/
/

Schottky formation energy of some sixteen alkali halides with NaCl structure and cluster size of

1728 ions was calculated using numerical summation of Coulomb, repulsive and Van der Waals

interaction. The energy difference between a cluster with a point defect and the corresponding

perfect cluster represents the formation energy of defects. It could be shown that the structure of

vacancies in the bulk and the surface position of the removed ion have a strong influence on the

formation energy Schottky defects.
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1. INTRODUCTION:

The occurrence of ionic conductance and of self and impurity diffusion in classical ionic

conductors, such as alkali halides first suggested the existence of point defects in these crystals

[1]. Schottky type point defects are the most common type of defects in all alkali halides. They

are stoichiometric defects which occur when a pair of vacant sites, an anion vacancy and a cation

vacancy, are formed [2]. Theoretical calculation of defect properties are veiy useful for

predicting those properties of defects which are yet uncertain experimentally. They help to

determine which models can reasonably be used in the interpretation of experimental results.

The formation energy of Schottky defects can be considered as the energy required for the

movement of ion pairs from the bulk to the surface of the crystal. This energy in ionic solids

includes components like Coulomb interaction of charges, repulsive interactions due to overlap

of electron cloud, van der Waals forces which arise from the interaction of induced electronic

dipole moments, zero point energy from the lowest occupied vibrational mode, vacancy pair

interactions, polarization effects and surface structure effects.

Quantitative evaluation of the formation energy is used in the control of defect concentration,

rate of defect migration and other properties in the intrinsic range. The experimental methods

used to study defect properties are measurement of some convenient properties like lattice

parameters, density, electrical and thermal properties and spectroscopic techniques. Ionic

conductivity measurement of alkali halides are often used to evaluate Schottky formation energy.

1



Different theoretical methods and models have been reported for the calculation of defect

energies in alkali halides. Two different types of models, the polarizable point ion model and

the shell model, are widely used by different workers. In both models the modified Mott-
Littleton [3] method is used to evaluate defect formation energy. However the theoretical

methods employed so far are not efficient methods to treat different vacancy configurations in

the bulk and the effect of surface structure on the removed ions in the surface.

In recent research work the possibility to calculate the electrostatic energies [4,5] by numerical

summation of the coulomb interaction using modern tecliniques 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 crystal can be derived by extrapolation. This method allows also to

calculate the energies of clusters with differences in the arrangements of a single 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 Schottky formation energies of some sixteen alkali halides having the NaCl

structure are evaluated using this method by considering the Coulomb, repulsive and van der

Waals interactions. These results are compared with other theoretical works which uses the

modified Mott-Littleton approach. The effect of surface structure, defect configuration and

vacancy diffusion on the formation energy of Schottky defects, are also considered.
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2. LITERATURE REVIEW

/

2.1 Defect studies in alkali halides: The simple ciystal structure of alkali halides provides an

environment of high symmetry for impurities and native defects, making defect structure

determination easier experimentally and simplifies theoretical calculations. Often defect-related

phenomena have been studied in alkali halides with the hope that they could first be understood

in these materials and that this understanding would lead to insight into defect properties of more

complicated ionic crystals [6].

2.2 Experimental methods of defect studies: A small concentration of impurities or native

defects can dominate many important bulk properties like electrical conductivity, optical and

mechanical properties [7]. The experimental tools used to study such property variations include

measurement of matter transport parameters like conductivity and diffusion parameters,

measurement of density or macroscopic dimension changes and spectroscopic techniques.

Macroscopic expansion or density measurements are direct way of studying defect

concentration. However the liigh temperature involved often makes this a difficult technique to

apply to ionic crystals [8].

Electrical conduction in alkali halides is known to be primarily ionic. The conductivity as well

as the self diffusion can be explained by the motion of cation and anion vacancies in the lattice.
The magnitude of the ionic conductivity depends on the number of vacancies present, which in

turn depends very much on the purity and thermal history of the crystals [8].

3



Ill the intrinsic conductivity region the number of vacancies, n, is temperature dependent and is

given by
/ r-. \

n = Nexp
-EJ

v 2RT J
where N is the total number of ionic sites. The conductivity

measured hi the this region is related to the activation energy for the formation of one mole of

Schottky defect (Ef) and the activation energy for migration of vacancies (E,„) by the

relation a ~ A exp
r

\

E,„+ Ej 12
RT J

where the pre-exponential factor A, includes several

constants, including the vibrational frequency of the potentially mobile ions [9], Some of the

values of Schottky formation energy obtained by different workers [10] are listed in table

bellow.

Table 1. Experimentally evaluated Schottky defect energies.

Halide Ef (eV) Halide Ef (eV) Halide Ef (eV)

LiF 2.68,2.34 NaBr 1.68, 1,72 RbF -
LiCl 2.12 Nal 2.27 RbCl -
LiBr 1.80 KF 2.64 RbBr -
Lil 1.34 KC1 2.49, 2.30, 2.59 Rbl 2.1

NaF 2.42 KBr 2.39, 2.53

NaCl 2.20, 2.4-2.5 KI 2.21
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Although the conductivity of different alkali halides have been measured many times and in

many different laboratories, there is not a good agreement on the value of formation energy of

Schottky defects. The experimental methods do not consider surface structure and vacancy

configuration effects during conductivity measurements.

The variation in the above Schottky formation energy values is therefore the possibility of the

presence of different Schottky defect configurations, surface structure effect and the presence

of other types of point defects in lower concentration. Most of what is known about point defects

on ionic surfaces concerns electronic structure, and most of that has been obtained from electron

spectroscopies such as ultraviolet photoelectron spectroscopy (UPS) and electron energy loss

spectroscopy (EELS) [11].

2.3 Theoretical study of defect energies: Theoretical calculations are very useful for predicting

which models can reasonably be used in the interpretation of experimental results. Most

calculations of defect properties are made for a static lattice. The basis of earlier methods is to

setup the energy function of the solid, describing each ion by its displacement from its perfect

lattice position and its electronic dipole moment and then minimizing the energy with respect

to these parameters [12]. The function contains I) electrostatic terms coming from interaction

among the ionic charges and dipoles, ii) short range repulsion coming from ionic overlap iii) self

energies of polarization and iv) van der Waals attractions.
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Different theoretical methods and models have been reported by different worker for the

calculation of defect energies in alkali halides. One of the basic questions in such work is how

accurately do the calculated results represent the model employed. The question was specially

pertinent for charged defects in view of the long-range polarization field to which they give rise.

To enable explicit calculations to be carried out, it is necessary to divide the crystal into two

regions.

The method previously employed by most workers is an extended Mott-Littleton [13] approach

of dividing the crystal into a small inner region containing the defect (region I) and the rest of

the crystal (region II) . The object of this is to choose region I large enough so that one can

describe the displacement and polarization of the ions in region II in a harmonic approximation.

This provides the link with the dielectric, elastic, and lattice dynamical properties of the crystal.

The inner region is energy minimized tlnough modeling of the lattice relaxation by interatomic

potentials until equilibrium is acliieved [14].

The error in such calculated results arise from the limitations of the model used to represent the

ciystal. Boswarva and Lidiard [15] made comprehensive study of how the Schottky energy of

an alkali halide changed as the interionic potential was altered. But they did not consider the

interaction between the two regions and van der Waals forces. Scholz [16] in his calculation

increased the size of region I and considered the interaction of ions in region I with those in

region II and van der Waals interactions. His values for Schottky formation energies are too low

compared with the experimental data. Further for lithium halides the approaches led to
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