1.1 Introductory remarks:

Different properties of materials depend to a great
extent on the type of constituent atoms and the nature of their
arrangement in the solid. ISolid state materials can be divided
inte two groups - amorphous end crystalline with various shades
of crystallinity lying in between. The ideal amorphous material
is one in which atoms are'distributed &t random. It can be easily
éeen that such perfect amorphoug materials are very difficult To
"obtain specially when the finite size of ths atoms produces &
regulerity of loecal arrangements. Similarly a perfect crystal
is defined to be consisting of atonms stacked-in & regular menner,:
forming a three dimensional array, which may be obtained by =2
threeldimensional repetition of a certain pattern unit, It should:
alsc be infinite in size since finiteness of size means bresk in
the regularity of the atomic arrangement. The atoms in a perfect
crystal ghould necegsarily be staticnary at the latiice points.
These conditions of a perfect crystal are very difficult to realise
in pracitice., All real c¢rystals are finite in size and éven the
single crystals comeist, in reality, of small crystallites called
domeins tilted smongst themselves by small but finite amounts.
The atoms in a crystelline solid execute small oscillationa about
the ideal lattice positions at all temperatures including absolute
zero., Agein the perfect crystallinity can break down because of
the difference in the sizes of the constituent: atoms. Moreover
the atoms mey be displaced from the ideal lattice sites as a
result of the occurance of'strain, diglocations, stacking fanlts,
vacancies, interstitiéla etc. Thus it is cbﬁioué that the local
arrangement of the atoms ig a very important factor in determin- -«

ing the physical properties of materials.
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Because of the fact that a real crystal .invar:'i.ably contain®
defects, the study of lattice defects end disorders and their
effect on the behaviour of selids has developed into a very
impériant branch of solid state.physics; In fect, & considerable
amount of recemt research activity igl concentrated in this line
and many of the peculiar behaviour of the selids have been attri—
buted to the preserce of thege lattice defects. It iz well known
that even a small concentratien of defects change the macroscopic .
properties substantially. Impurities change the relaxation time s
of éagaetie meterials by several orders of ﬁggnimde, .Electrical
and thermal conductivities are con‘trolied by the secattering of
electrons and phonons by the lattice defects. Localised electronia
levels which é.rise because of the ilmpurities are responsible for
the electrical properties of the smemlconductors and the optical
prépor‘ties of the luminescent materials. Strength properties of
the materiale are influenced by the size snd the misorientation
of the mosaic blocks, lattice distortion, dislocation density and
stacking fault probability. iatitice defecte esuse an increass in
the strength properties but at the game time, reduce the thermal
and electrical conductivities. Henece an understanding of the
nature of the lattice defects is extremely importsnt in order to

understand the behaviour of real erystals.

Ap has beer pointed out lattice vibrations can be considered
to be & dynamie lattice defect In contrast with the other statie
lattice defects., All thermodynamic preperties, the electrical and
heat conduotions and many of the eleetromic processes &re dependemt
en the freguency distribution fumctien of +the normsl modes of -
vibration of the solid. The Debye characteristic femperature is



en important paremeter of latiice vibrations and the XL-ray

Debye temp‘erature at high temperature.s, :is a measure of the
negative .?éc_ond moment of the frequency spectrum. That it 18
releted to many physical properties like hardness, elastic
pz.'orae.rti‘es, spécific heat, thermal expansion, elecirical
resistivify etc, ig well known. In recent years many empirical
relafions have been obtained.comieeting' the Debye temperature of
materials with the forma‘tion energies of vacencies in alkalil
halides’ , Bctivation energy of =elf dlffusion in solldsz, form—
ation and migration energies of point defec“bs in me‘bals3, suxrface

I

energy of brittlie fracture™, electrical super conductivity im
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trensition metal binary alloys” etc. Hence experimental evalua~ .

tion of the same 1s of extreme importance.

Avharmonicity in lattice vibration of materials is another
importent parameter and it accounts for many physical properties
like thermal expansion which the hamonic approxima‘slon fails To

explain. As has been dlBCuEBSEd by Williss

, the contributions to
the Debye Waller factor because of the anharmonic vibrations ia
glgnificant. Hence a knowledge of the éxtezrb of anharmonicity

~of lettice vibration in materials is essential for accurate
determination of the structure factors. Prom & knowledge of the
temperature vai-ia'bian of the Deby_e charecteristic temperature +the
paremeters characterising the atomic infteraction potentisl can be
' obtamed and mest of the physioal properties can be evaluasted from

the same .

The stgtic lattice dqfects interact with the lattice
vibrations causing & change in the frequency distritution func-—

tion of the lattice, Following the pioneering work of Lifslf;tz7



on the theory of lattice defects and disorder on the dynamiocal
properties of cryestals the theoretical worg in this branch of
Bolid state physics has made considersble amount of progress.
Any change in the freguency spectrum due to the presence of
disorder, therefore, is expected to be reflected in the measured
Dabye tempsrature which unlike the frequency spectrum can be
experimentally evaluated accurately without much diffioulty.
Hence an experimental study of the influence of the lattice
detects on the Debye charecteristic temperature would be highly

useful.
1.2 Defecis in orysials:

It has beern Already indicated in the previous section
thai the arrangement of atomes in a real c¢rystsl esnnot be ideslly
regular beceuse of at least two compelling regions, viz., the
finite size of the orystal causing s break 1n the regularity of
the atomic arrangements at the boundeary faces snd the ¢scillations
of atoms about thelr mean positions due o thermal effects,
Considerstions of extinotion again show that a single crystal
really consiste of & number of moealc blocks misoriented with
respect 10 each other and each sudbject to limitations in regularity
of atomic errangemenia indicated above. There has bheen s gyste-
matic search for and atudy of simlilar limitations which are known
as orystal defects or structurs defscts, Some of the lmportant
struoture defects, other than those mentioned above are listed

belows

Yecancies: Vacanciez are caumed by atoms being omitted from

pomitionms s8llotted to them according tc the given acheme of



regular arrangements., Vacancies can migrate inslde a oryastal

and can sometimes form clusters.

Intergtitialse: These are caused by the inclusion of extra

atoms in the space between the amtoms in & regular lattice. Both
interatitials and vacancies interact with neighbouring atoms in
the regular lattice causing them to be displaced from thelr
usual positions at lattice points ~ thus glving rise to strain
tlelds. Interstitials and vacancies ﬁhy elgo interact wiih each

other causing a collapse of the vacancies.

Porelgn atoms: Sometimes a laitice eiﬁe or an interstitial
position can be ocoupied by an atom of an electronic configurae—
tion which is ditferent from the one stipulasied in the latiice '
schems, This gives rise t¢ a change in the inter-atomic forces

resulting in a strain fielgd.

Dislocationst A crysial deforms by a portlon of 1% heing
displaced with respect to the rest along an atomic plene. This
displacement is called "s8lip" and the plane along which the 8lip
occurs the “slip plane". The slip ia not uniform over a slip
plane in most real c¢rystals. Slip may occur over only a part

of a slip plane, the rest of the planes remaining unslipped.
Raada has defined a dlslocation to be & line lmperfection

forming the boundary within the ¢rystal of a slippsd &rea. It

is not implied howevar, that every dislooation originstes in =
elip elthough it ia a good pictorial representation. When the
alip vector is &t right angles to the slip planas tha disloca-
tion ia mald {0 be an edge dislocation. When the slip vector

is parallel to the dislocation line tne dislocution iws cslled '

a sorew dislocation., Within the dislocated region the general



scheme of aiomic arrangementis is different from that of the

undistorted orystal.

Burgarsg showed that a dislocation cen be characterised
by what 18 known as the Burgers vecior. It is defined =s the

vector which gives the magnitude and direction of the slip.

Dislocations may be distributed at random or may be
arranged along srrays. Under certsin circumstances the dlsloca—
tlone may be mobile and while moving may give rise to vacancies
as well as Interstitialas. The out of step lengths due to disloca-
tions when suitably combined partition a crystal into domains
misoriented with respect thinothar. The unegual bondwforcas
scting on elther side of the out of step atom will cause diaplac;-
ment of neighbouring stoms which will be transmitted to some
distance thus giving rise to a straein field. Under certain cir
oumstances dislocations give rise to "stacking" and “twinning"

faults « faults in the sequence batween layer arrangements,

All the defeots enumerated abovs are defects on an atomic
scale. DBepides these there may be delfects on the alectronic

acale like colour centres, trapped elecirons, holes ets.
1¢3 Xeray studles on lattice defects:

Kinematical theory of X-ray diffraction tells us that for
e perfact crystal intensities are concentirated at the recelprocsal
lattice point. Any kind of lattice defect spreads iths intensity
ovar domeine of varying extent around the latitice point. Since
spread in the intensity diatribution curve 18 caused by lattice
defecte the nature and extent of the intensity spread is an .

obvicus messure of the extent of crystal imperfection in the
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sample under study. This is true provided the intensity distri-
bution curve can be interpreted in terms of the nature and the
extent of lattice imperfection. A large volume of work hes been
concentirated arcund ihis effect and extremely illuminating

ragults have been obtained.

Since different types of defecta may be coexiatent in
different proportions, the problem is the separation of the
obmerved errect into those for the different types of defecta and
then to identify and also make & quantitative estimation of the
extent and distribution of each ityps of defect. If the defecis
are mssumed to be unrelated itc each other, the observed profile
is a convolution of the ditffraciion profiles due to the indivi-
dual defecte and their separation 1se basicﬁlly & problem of
deconvolution. In the absencs of precise information regarding
the pature of diffrasctiion profiles for different defects, &e-
gonvolution becomes @ difficult task., The problem becomes
comparatively easy 1I some parsmeter of the lintensity epread is

congldered.

A diffraction pattern has the following characteristics -
(a}) positiona of the diffraction mexima and (b) distribution of
intenalty about the diffraction mnxina.ﬁ It 18 earily seen thai
{(a} 1m not independent of (b) since the position of the difirec-
tion maxima 18 the peak of the intensity distribution.

The poeltions of the diffrsction maxime in combiretion
with the Bregg Law give the inter-planar spacings and the unit
cell dimensione. The unit cell dimensions yleld informations
regarding the concentration of vacanoles and interatitiala10
and dislocations'!., B8hift of the pesks slso givee informatione

a&bout the stacking fault probability13.
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The curve representing the intengity distribtution can 9
be characterlised by different parameters. The different pars~
meters which are uged 1ln the mstudy of lattice defects have been |
given in Table 1.1. With the help of these parameters detailed
informations regarding crystallite size, ciystallita gize distri-
bution, strain, strain gredient, dislocation density, faulting
probabilities, variation in the interplanar spacings, misiskes,
paracry stalline distortion etc. can be obiained. Excellent
reviews on the development of the different techmigues, their
application and senaitivity towarde errors are avallable in
Wilaon1h’15, Warren15 and Klug and Alexandar17. Hence, in the
present case the detalls of those methods which were used in the

present investigations have been given in the relevant chapiers,

Because of the strain field around the various detects,
there 1ls displacement of atoms from their normsel positions in

the lattice. Huang18

had shown that such displacements of the
atoms would glve rise to diffuee scatiering of the Xwrays., With
further development of the theories and improved experimental
techniques 11 hae now become possible to study the strain field
arcund the defeocta from difiuse poattering measursments,

Daderiaha19 has reviewed the developments in the field.
1.4 Scattering of X-rays by Lattice vibrationa:

At all temperatures -~ sven at absolute zero -~ the atoms
in a orystalline aolid execute small oscilliations about their
equillbrium positions. The relation between the macroscopic
slastic properties of the sollde with the atomioc force constante
which together with the etomic masses determine the scale of
lattice vivrations has been the mubject of considerabls atudy

20 21

atarting with the worka of Debye and Borm and Von Karmen®',
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The development of the theoxry of lattice dynamics by

20 21

Debye™™, and Born and von Ksrman was slmost at the same time as

the discovery that orystal latitice can diffract X-rays. Immediamte-
ly afterwarda thess two branches of physics were connected by the

development of the theory of the effect of thermal vibration on

the diftraction of X-raya in crystals -~ the name of workers

22 3

assoclated with this development being Debye™", Schrodinger2 .
Waller2*, Faxen®? and Laval?®, The whole subject has been brought
togather by Jam3527 in his book. Calculation by these workers
showed that the affect of temperature vibration is, apart from

a diftuse background -~ a reduction in the intensities of the
crystalline reflections by the well known Debye-Waller factor,
e"'ZBS""QB/# where R= 8TCUI{} . In this expressionfUl} is the
mean square dilsplacement of a lattice point in a direction
perpendicular to the reflecting plane, & 1s the Bragg angle

and > +the wave lengih of the inocident X-rays. ZXor a cublc
erystal the gquantity © will be independent of the cholce of

the direotion S, otherwise 1t has the property of a second
order tenacr. The above is= true for a orysial contalning only

one kind of atom. For the general crystal containing more than
one kind of atom the effect would be to replace the atomic
socattering factor of each atom in the structure factor by

fné Bn szg/x" « Here B will be different for different types

of atoms.

In sddition to the raduction in the intenslitiea of the
crystalline reflections, appearance of diffuse scattering is
obeserved because of the thermal motlon of the atoms in thae

lattloe. Paxen®® had shown that there would be & maxima in the

diffuse background and gave a formula for their positions.
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Experimental discovery of the extra laue spots in 1938 by

28 29

Lavalzb Raman and Preston stimilated new interest in the

fleld snd lead to the determination of the elastic constants

and frequency specirum of lattice vibrations of meny materlals
(Wooster58).

The intenslty of scattered X-rays from & monatomic cubio

crystal can be written as a series of terms given by,
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In the above eguations ley i® the intensity in eleciron
units, { the atomic scattering factor, » the wavelength of
x-rays,1ah.;: the position vectors of the wih and A" atonme,
(é};)the unit vector in the vibration direction, “»; the ampli-

tudea,'(Exi) the average enargy per wave and ‘Y ¥ the frequency
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of the elastic wave with wave vector K and with ™ polarisa-
tion (J = 1, 2, 3), N the total numbaer of atoms and 5, % are
the unit vectors aslong the directions of the incident and
diffracted waves.

The zerceth term in equation 1.1 18 the ordinary sharp
crystalline reflection reduced by the temperature facior e el
The next term is called the first order tempsrature diffuse
scaitering and gives the dlifuse scaiteringin which one phenon is
involved., The next term is second order tempersture diffuse
scattering in which two phonons are involved and so on. Generally
terms involving third or higher order interaction are negligible
compared to the first order ons. BEquation 1.2 can be written in

case of monetomlo eubie cublic crystala as,
4 Simd 4 Z ;3 Wy
'2?1 -:-:S h"} Nm - 9 E('RT)

whare N 18 tha total number of particles in the crystel, m the

LR N 1.6

atomic mass and v the frequency of vibratlion and

o, _hy
E(er) = 3hY +— < kT, ces 167

In terms of the frequency distribution ™N(?] defined ms ‘the
number of freguencies beiwaeen the Irequancy range v and Ved?

in the limit dV-» 06 , equation 1.6 ocan be written &as
JE(RF) I N
/N(v)dv

Since 2™ involves a sum over &all of the elastic wavea it

Sin’g
}\‘i

2™ =

A,
™

1.8

is possible 10 make certain approximations which smount to averag-
27
L

»

ing before summation. We make the aasumption as given in James
that all waves can be conslidered as purely longiiudinal or purely

traneverae. 3By teking average longitudinal and +traneversse
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veloclties, we have,

2M kY (S;fs)iéﬁ[tpmh'%.h'é)?[-cpmf)*lﬂsz

='YhR nee 109
D0 @ . ©
where @{:h,%:.{ j @;’h‘j{m‘t ;o Mas T XeT g
1 fgds
and POV XTI cee 1.10

Vit and Vi &T® the maximum frequencies for lengitudinal and
transverse waves. For %<{2 ,ye T % Q.i 5 (43(1.#-*3) is oclosely the
pame for longltudinal snd transverse wavea. We next introduce an

average [’ defined Wy,
2 L2
B * & T vee 1411
With thlia sverage characteristic temperature @ and the
average ratio x: :}_@ we have,

12K T k7 e
2!‘1:%%'@7[4’(}*&} N2 cer 1412

The averaging involved in equation 1.11 is a 1ittle
different from the Debye theory of specifio heais so that ® of
squation 1.12 le differant from @5 cbtained from the specifie
heats. Zsner and :E!j.:ﬂ.:Lmﬂqr3 1 have obitained & relation connsocilng
the X-ray and specific heat Dsbye temperatures in terms of ihe

Poimason's ratie.

Comparing equstions 1.8 and 1.12 we can express the
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experimentally determined Debye itempersaiure in terms of thae

freaquency distiribuiion. One obtains,

1 k fE(ﬁ—}:—)v‘ﬂmmmv)
- = S : i
O 2R 1{e0ur 2] JIRES e 113
The above relation simplifies &t high temperaturea to
, 2 [EANDES
Ejl Y ~“ifﬂf9Jdé ‘e Toth

Thus &t high temperatures, the experimenitally determined
Ai-ray Debye characisriatic temperature is related to the negative

second moment of the Irequency spectrum,

1.5 Contribution of spharmonicity of lattice vibrations to the
reduction in diffrected intensiiies:

There are certain limitatiena 1ln the conventional procedure
for dstermination of the structure feotors because of the use of
the harmonic approximation in the avaluation of fthe Debye Waller
factor. Harmonlic vibration of ihe atoms in & crystal does not
oxplain many imporitant physical properties like thermsl expansion.
Anharmonic effeots are obssrved in crystals even at 0% and
their contribution is quite largs at high temperatures. Irn 1962,
Lonudala32 had commenied that “the Debys Waller theory haes naver
baen axtended gquantitatively .... o tamperatures near the melting
point, whers arharmonic vibrations bhecome increasingly important®.
Since then, several workers have givenm expreasions for the Debys
Waller factor and the Debye charsoteristiic temperature at high ‘

temperature by including oubic and guariio anhsrmonic terms on
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the expreasions for the interaction energies in the orystal.

Some of ithe important works being that of Krivoglax and

Tokhonova33 , Hahn and Ludwiask, Maradudin and Flinz’ 5, Kashiumu} 6
and Willis3?. As has been pointed out by Willil37, the most
detalled analysis of the sffect of anharmoniocity on the Debye-
¥aller factor is that of Marsdudim amd ¥1in°’. Willis”' has
simplitied their calculations by sssuming that the satoms vibrats in
& potential field which is not effected by the motion of the
nelghbouring ones end have reproduced msome of the important resulis.
In spite of these developments very Lew expsrimental works on the
1-ray diffractiorn studies of anhsrmonielty of lattice vibrations

in materials have besn reported.
1.6 Effect of defecte and ordering on lattice vibratlons:

Many worka on the theory of the sffects of defects on the
dynamicel properties of orysials siaxting with the pioneering work
of Lifahitr°0'>9 nave been reported. Lifanite*® and Maraduain*?>42
have given an excellent review of all the works in thie field of
#0lid pitate physics. These are mainly ooncerned wiih the modifl-
cations in the frequencies of aitomic vibrations due to the intro-
duction of impurity atoms in the cryastals. It is found that

bacsuge of introduction of the impurities lecalised modes are
| produced which lie outsides the frequency spectrum of ithe hoat
lattice., For example, when a lighter atom or an atom whomse force
- of intersoction with the host ator 1s larger than thai betwean the
 host ;tonl im introduced into the orystal, modes of vibration
; whose frequencies are larger ithan the maximuim frequency of the .

f:unparturbod host lattlos occcur. In addition to the production
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of lozsalimed vibrations, the Introduced impurities alsc alter
the continuous frequency spectrum of a perfect crystel. Lehman

and
b5 and Kaganalosilovakiihh have explained the low

snd Dewames
temparature enhancement of the smpecific hest of orystsls con-

teining heavy lmpurities to be due to such chengss.

As & consequence of the changes in the Irequsnoy
specturm, the Debye characteristic tempersture and the Debye
Waller factor are aleo sexpected to change. This view that the
Debye charscteriastic temperature ias 1nfluonccd?%hc imperfeotions
pressnt has besn verified in case of different subsitances by
various techniquea like Mossbauer sffeot, resistivity and specifio
heat measurements. From resistivity messurementis, Bowen and
Rodaback®® have observed a change of k5°C in trhe Debys temperature
of vold worked and snnssaled copper wires. Giaguse and Arohibnldue
have reported +thet the heat cspacitiy of small exrystallites of
Mg0 is greater than that of large orysials. Imelastilc meuiron
sosttering atudies by Reider and I-Ic:rz'll"'r on Mg0 crysiallitess ashow
that the Debye itempsraturs changes with partiocle size. Moassbauer
sffeot maasurement of ‘the Debye charaoteriatic temperaturs of
small partioles of tin (2502) by Suzdalev et 3145 and gold by
Marshall and Wilensich®? show similar varistions with orystallite

size,.

S8ince both the Dedye charsotaristio temperature and the
various defect parameters can be cbiained accuraiely from the
. sawe inteneity data, X-ray diffraction method is most sultable
. for the study #f the influence of the lattice defects on the
;-Dnbyn tappoeraturs. Though many works on ths X~xay studies of
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changes in the Debye characteristic iempsrature due to deform-
stion hsave been reported, the results are controversial. Agsin
there 1s nc cohsensus of opinion regarding whether the change

in integrated intensity is at all associated with changes in

the Debye characteristic temperature or is entirely dus to

other effects. Results of different workers on the Debys
characteriatic tempersturs of deformed materials smd how CcOYrec—
tion of the intensities for different effects would improve thelr

results bas been discussed in chapter VIIIL.

Kany workar550"57 have attampted to obtain expreasions
for the Debye charscterisilc temperature of bhinary disordered
alloys. Mitra and Chattopadhyny57 have compared the values pre-
dioted by the thecretioal sxpresslions obtained by different
workers with experimental data for Cu-Ni alloys and have csbeerved
that their expressions gives the best fit. Very few works on the
additivity of Debye characteristios temperature in ordered slloys
hava besn reported. Mitra and Uhaudhurisa have sxtended the ex-
praasions of Mitra and Chattopadhyay57 for the capge of blnary
ordered alloys. Both the above workn57'58 are valld for the cage
when the alloy and the oconstlituents all have the same structure,
Mltra snd Ghnudhuriﬁe have shown thet these addiitivity relations
can be used as &n alternstive method for determining uhorf??ﬁﬁerw
ing st least in thoee ceses where the conventilional methods fail
becauss of the constitusnt atoms having the same scattering

factor.
1.7 Aim,objective and soopes of the present work:

It ia evident from the mbove sectionm thast lattice

dsfects play an importaent role in determining the various proparties

-
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of resl crystals including the lattice vibratlons. Debye
charscteristic tempersture is an important parazeter of lattice
vibration and is connected with many physical properties. Hence

a study of the lattice defects and Debys tampersaturse of materials,
and the effect of lattice defect® on the Debye itemperature is of
groeat importance. To test the validity of assumptions and spproxi-
mationa of the theorles on the effect ¢f lattice defeots on the
persmeters characterising lattice vibrations, it would be necsassry
$0 compare the theorstical values wiih the experimentally deter-
mined ones. This comparison msy serve &s & gulde for a better
‘theoretical approach. With this end im view, siudies on the
variation of the Debye characteristic tsmperature with defects

and ordering was undertaken. Since I-ray diffrsciion method
provides a good meane to study both the defeots and the Debye
“temperature of the sample slmmltaneonaly without causing sny

dsmage to it, this method was chosex for ithe presemt investigetion,
Samples represanting different types of materials viz. KCl &nd KC1
doped with T1Cl belomging to non metallic iomic crystals; Cw,

Al and Cu-Al alloys belanging to the metallic f.o.0. aystem; VW,

& highly isctropiec b.o.c. metal and Co, an h.c.p. metal having
layered stiruoture with sirong intra-layer and weak inter-layer
bording ware chomen,

In order that the Debye charscteristic temperaturs abitained
from the X«ray diffresction method be accursie and reliable, one
should correct the intensity data for thermsl diffuse soattering,

“extinction, non-linear background eic. Moat of the previous
;workors have fallsd to correot for one ox more of thems factore,

"In the prasent invesiigation the intensities wers correctad for
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all ihese effects. In some cases where it was felt that the
existing methoda of correction were inadequate, some improvemants
were made by developing and modifying them. The exprasalions avail-
able for correcting diffraction profiles for tempereture 4diffuse
scattering in h.c.p. metalas are that of Mitra and Misra®? where
they have amsaumed the Brillouln zone to be spherical. Thig is

act true for meterials having widely different “a® snd "o valuss.
Nexce the expressions were sxisxnded for the case of slliptical
Brillouinm zone. Most of the previous workers have falled to
¢orrect thelir intensities for both primery and secondary extimo-
tion. For correcting the intensiiles diffracted by single crystals
of KCl and KC1371Cl, thes polarisation ratios 1.e. the ratios of the
slectrie vectors representing the diffracted wave normal apd
parallel to the plane of reflection were measured and the sxtinc-

360 theory of

tion factors were obimined by uasing Zscharissen'
| I-ray 4iffraction from resl orystals. “m", a parameter characteris-
ing the degree of parfeciion, the slze and misorientation of the
mossic which are of grest importsnce for oharactarieing single
orystals were alpo obiained Irom the polarisation ratios.
Intenslties diffracted from polycryatslline samples wers also
coxrrected for combined sxtinetion following the newly developed

' mathod desoribed by Mitrs and Chattopadhyaxﬁ1. Expreasions wers

- ®ls0 obtained in the present cese for correociing the intenaities

- for trumcation of the line profile at finite intervals which ia
significant specially in the higher order reflections of cold

worked materisls.

The study of lattice defeocts in materials is necessary in
. order to correlete the defect parameters with the Debys oharmcterie-

- tic temperature. But ihls study of lattice defects as such ia
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also important. Although the lattice defeots in metals and

alloyz kave been studied by s large mumber of workers, very

few investigations on the lattice defeois in non-metallic

meterials like alkell halides have been reported. KXo work on
the annealing behaviour of latilice defecta im slkali halides or

;on the effect of Impurities on the same has been regorted.

Honce u ocumplete wtudy of the lattice defecis in KUL snd XC1L

sontaining different proportiona of T1Cl, ¢old worked and then

snnealed at different temperstures, was undsriaken by employing

the variance analysis of ithe line proflles,

Though many workers have measured the Debye charscterlistie

“temperature of KCl at different temperaturss, some of the results

ars not accurate becsuse the intensltiss wers not corrected

properly for TDS, extinetion, background ete. XNo work on the

.changes in the Debya temperature due to the addition of impuri-

ties or deformation has been reported. Henoce s study of the

- Debye chsracteristioc temperature in pure aund dopsd KCl was under-

taken., Measuremenis were made both in case of single orystals
and cold worked and amnealed powders. Change in the Debye
characteristio tanpor;turo a8 a funation of the different defect
parameters was studied. B8ince no reliable I-ray dsta on the
Debye oharacteristio teaparature of thes tungsten and cobalt

“eaxieted and beosuse of the specislities in their struocturs men-

ftion.d sarlier, a study of the variation of ithe Debye ocharsocter-

k
-

v
-

4

istic tempersture with various defecis ia them was undertaken,

The variation in the Dabye characteriastic temperature hus baen

explained to he dus to ahanges in fhe lattilice parameter, in-

ocreasing surface contribution mnd changes in the foros constania

at the axtended lattice delfsoits. Relative contribution of esch
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of the above causes has been estimated.

Harmonic approximation for lattice wibretions falls
to account for many properties of real orystals like the in-~
orease in the speciiic heat beyond the value 3nk with increas-
ing temperaturs, the existence of thermal reaistance, the
soefficient of thermal sxpanalon, the occurrance of multi-
phonon processges in Ramen seattering ete. Hance a study of
scharmonicity of lattlice vibration in materials is of great
importance. Thermal expansion of Cu, Al and Cu-Al slloys was
studied. Temperature variation of the Debye charamcieriastio
temperaiure is another imporisnt parametsr and several
‘theoretissl works on the determinsiion of the different amhar-
"ionicity parameters from the same have been reported. However

very few axperimentel works on their determination have heen

. reported. No work on itha effect of latiics defsols on the

various anharmoniclty parametsrs exists. Hanoe 8 study of the: 6n-
barmonicity of lattice vibrationa in deformed and annealed Cu,Al
sand Cu~Al alloye was undertaken. The parameters characterising
the anharmonic¢ potential wers obiained and the influsnce of
lattice defects on the same was studied. With the help of theae
parametesrs some of the mmoroscopic properties of the meterials

~ wers calculated. Change in the foroe constants and the Dabys
temperature at the defects was caloulated with the help of the
roteniial parsmeters measured in the pressnt case and a com~

parison was made with the experimentally observed changes.

S8ince Debye characteristic temperature is related to

~ meny phywsioal propertiss of materials, an expression conneoting
- the Dabye characteristic temperaturs of slloys with that of the
; constituents and the degree of ordering would be of great help
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for wmaterial scientists. Though several relations on thae

50-57 hanse been

Debye temperature of disordered bivery alloys
repoxrted, very few works for the ordered allaysss exist. Hencas
relations connecting the force cornmtants, elsstic constants and
Debye tempersture of binary alloys with the corresponding

- parameters for the constituent metals, concentration of the
sonstituents and the correlation and long range order parameter

. were derived. Unlike the previous works ithe present expressions

- are valid for all cmases with the alloy and ithe constituents having

; any of the cubie structures without any reatriction and for all

i subic superlaitices. It has besn shown that the expressions of

_ Mitra and Chattopadhya’! and Mitra and Chaudburi®° oan be
sbtained as specisl cases of the prasent expression. The relations

” were also extended for the oape of ternary alloys and mixed

) erystals. Valldity of the relations were %tesied by spplying to
Jtho cases of Ag-Pd, Mu-P4, Au-Pt, Fe-Cr, Cu-Al, Ag-Au-Pd systems
and comparing the obitalned values with the experimental values

;:takan from literaturs. The additivity relations successfiully - .

. explairied the conoentrstion varistion in the elastio oonstants

f of the o ~-Cu-Al alloym to be due to inoreamse in short range

. ordering wiih inocrease in Al oconcentration. The obiained S.R.0.

. parameters agree well with the l-ray ditffuse moattering obasrve-

;_tions by different workers,



