CHAPTER I
GENERAL INTRODUCTION



INTRODUCTION

In crystalline solids, the atoms are stacked toge-
ther in a regular manner forming a three dimensional configura-
tlon which is obtained by a three dimensional repetitioh of a
certain pattern unit., When the periodicity of the pattern
extends throughout a certain plece of material, the material
is spoken of as a single crystal. A perfeet erystal should
be lnfinite in size since finliteness of size means break of
regularity of atomic grrangement af the boundaries. Atoms in
& perfect ecrystal must necessarily be statlonary at lattice
points, o

These conditions of an ideal crystal are not reali-
zable in practice, All feal crystals are finite in size and.
even a so~called slngle erystal conslsts, in reality, of
small crjstallites called domains, tllted among themselves
by small but finlte angles. At all temperatures, even gt
absolute zero, the atoms in a erystallite should execute
small oseillatlons about thelr equilibriam positions. Apart
from this, there may'be displacements of the mean positions
of atoms from the lattice site, caused by straln, dlslocations,
stacking and twfhing faults and also by the introduetion of
forelgn atoms. There may be vapancies and lnterstitials and
sometimes cracks and voids. A different type of defect 1s
the lattice disorder where different constituent atoms ran- ,
domly occupy the lattice sites. The periodleity of the lattice

is thus broken dus to the presence of these defects.



The very fact that a real crystal lnvariably con-
tains defects is convincling enough that the study of lattice
defects and disorders and thelr effects on the behaviour of
sollids, is a very much important field of solid state physies,
Although different processes like cold working, hot working;
annealing, quenching etc for changlng these lattice imper=-
fectlons have been in use for ages, studies on thelr affect
on the latter started only during thils century, when the
crystalliqe concept of solids was proved to ﬁe correct and
study of atomic arrangements in solid was made possible by
X-ray diffraction. In fact, a considerable amount of recent
research activity is'concentrated along this line and gra-
dually it 1s being felt that many of the peculiar behaviours
of sqlids have to be atiributed to the presence of these
lattice defects. It is known that even a small number of
defects contributes to striking macroscoplic effectsg Impuri-
ties change the relaxation times by several orders of magnitude
in magnetic materialsl. Electrlical and heat conductions are
controlled by scattering of electroﬁs and phonons by defectsz’s.'
Locallzed electronic leve;s, which 1le in the energy gap bet-
ween the valence and the conduction bands and which arise
because of lmpurities, are responsible for electrical proper-
ties of semiconductorsé. Strength properties of metals and '
alloys are known to be dependent on the size5 and angulap
misorientation of mosale blockss, lattice distortion, disloca-
tlon denslty and stacklng fault probability7. Localized

normal modes of wibrations around defects may cause normally



forbldden transitions to occurs. Lattice disorder causes an
increase in the strength propertles but at the same time redudes
the thermal and electrical conductivities. Henece an under-
standing of the true nature of lattice defects and disorders

is extremely important in order to understand the behaviour

of real crjstals.

As has been pointed out, lattice vibrations can be
considered to be a dynamic lattice defect in contrast with
the other static lattice defects. All thermodynamiec proper-
ties, the electrical and heat conductlons and many of the
électronic progesses are dependent on the frequency distribu-
tion of the normal modes of vibrations of the solid. The
Debye characteristic temperature is an important paramefer of
lattice vibrations and the X-ray Debye témperature at high
temperatures is a measure of the negative second moment of
the frequency spectrum. That it is related to many physical
properties like hardness, elastic prOperties; specific heat,
thermal expansion, electrical resistivity ebe is well known,
In recent years many emperical relations have been obtained -
connecting the Debye temperature of materials with ths forma-
tion energies of vacancies in alkali'halidese, activation
energy of self diffusion in solidslo, formation and migration
energles of point defects in metalsll, surface enefgy of
brittle fraeturelz, slectrical super conductivity in transi-
tion metal binary alloys13 etc. ‘Hence experimental evaluatlon

of thls parameter is of extreme imporfance.




The statiec lattice defects interact with the lattice
vibrations causing change in the frequency distribution func-
tion of the latilcee. Following the ploneering work of
Lifshitz14 on the effect of lattice defects and disorders on
the dynamical properties of crystals, the thecretical work in
this branch of solld state physics has made considerable
amount of progress., Any change 1n the frequency spectrum
due to presence of disorder, therefore, is expected to be
reflected in the measured Debye temperature which unlike the
frequency spectrum can be experimentally evaluated accurately
without mich difficulty. Hence an experimental study of the
influence of the lattlce defects on the Debye characteristie
temperature would be highly useful.

In the present work, an attempt haé been made to
study lattlce defects and disofder and their effect on lattlce
vibrations in several alloys. For studying lattice defects
one obvious scheme would be to make the atoms observable by
using radiations whose wavelengths are of the same order as
the atomic separations. X-ray, electron and neutron waves
satisfy this criterion. We can eifther use microscopy if
possible or employ. the diffractlon techniques. Construc-
tion of neutron and préy microscopes is a very difficult
task. Although X-ray microscopy has made some progress, it
has not been used so far for the present purpose. Electron
microscope has not been able to resolve atoms because of

aberrations involved, but it has been successful in giving




useful informations regarding lattice defects. Electron miecro-
scopy has the drawback that because of the poor penatrability
of the elactron beam, either the crude replica technique is

to be used or the sample has to be cut into a very thin section,
The process of making such thin sectlons may itself introduce
new defects. Therefore, electron microscopy may not yield
representative ihformation regarding defects in the bulk of
the sample, We have thus at our disposal the diffraction
techniques. Becauss of the poor penetrability of the electron
beam, electron diffraction techniques can not be used for
studying bulk samples., Neutron'diffraction requires g large
gample, and the sample can be damaged and extra defects may

be produced during experimentation. A reactor, which very

few laboratories can provide, is needed for this purpose. On
the other hand, X-ray diffraction method is free from the
above difficulties and that is why it 1s much more common-and
of general use for studylng lattice defects,

Since X-ray diffraction pattern is the Fourler trans-
form of the electron distribution in matter, all the diffe-
rent types of defects should, in principle, be détected by
X~-ray diffraction studies. Practleally, however, sensitiﬁity
of d-ray detection is the limiting factor. While the maximum
sensitivity attalnable by modern counter methods is of the
order of one in a thouéand, actual detectlion of the distorti?n
in electron distribution due to defects would demand a sensi-

tivity of the order of one in a million. Thers are also



theoretical difficulties like lack of precise knowledée of
atomle scattering factor for the atoms in imperfect solids.
Hence direct observation of the defects on an eleetron den-
sity map 1s not possible at the present stage of instrumenta-
tion and theoretical development. -There are, however, certaln
effects of defects like size of coherently diffracting domains,
strain distribution, cooperative displacement of atoms like
stacking faults etc.’ﬁhich influence different parameférs of
X-ray diffraction. Careful study of the differenf KX=ray diff-
raction parameters result in information regarding such effects
on the basis of which a consistant model of defeets may be
attempted to be built up,

It 1s known that the effect of thermal motion on lattiee
vibrations is to decrease the intensity of Bragg reflection
wlth an increase in the temperaturs. Thls reduction in inten-
sity is more pronounced at higher Bragg angles. In addition
to this effect a general background appears because of thermal
diffuse scétteringo These two effects may be made to yield‘
informations regarding lattice vibrations in crystals. The
reduction of intensity gives the value of the mean square
displacement of atoms and the Debye temperature. Thé negative
second moment of the frequency distribution function can-also
be evaluated from this., The temperature diffuse scattering,
however, yields much.ﬁore useful information. The 1nténsity_
of temperature diffuse scattering gives the dispersion curve

along symmetry directlons which, when compared with the theo-



