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sxplore a hitherto reletively uninve

’ stigoted fleld 1.e.
the theral properties of caesiun ehloride type of structuress

A —

The csesium halides fom s favourite subject of MWM |

g peculiaritiess

of all the alkall holides only three namely,
OsCly CsBr and CsI crystalise in the bodpecentred
cuble structure.

Heavineas of the particles, strong ionie binding
and simplieity of the structure, male caesium
hallides particularly sultedle for treating thelr
vibrational rmonie approgimetion,

sroporties under he

the meximm thermal strain i.e. the ratio of the
lattice constant near the melting polnt and ot
absolute soro and the echesive energles of caesium
halides are much greater as compared with the other

The theoretical elastic constants Cqg and Cgq
obtained by Krishnan and Roy are the same for all
the caesium halldes is stimulating for & fresh
theoretical investigatlon,

There 1s no satisfactory study on the theraal

expansion of these halldes.
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In order %o explain some of these propertles the
present suthoy has fooussed his attentlion mainly on the
study of the three impoprtsnt nroperties l,e. speclfic heats,
eglagtic constants and thermal expension of these solids.
The speeifie heats and the elastie eonstants have been
studied under the harmonie approximetion wherens theraal
expansion has been studied under the gquasisharmonie
approximation.

Sincey of all the caesium halides it is only
caesium ehloride which uniergocs a phase transformation to
the sodium chioride type of structure at 640°% which is
mueh lower then its melting noint, thorefore, it has been
studied In gre-ter detall, for it all the threo properties
specific heats, elastie constants and the thermel expansion
for both the structures have been calculnted.

In weiting the thealss e considersble attentlon
has been pald, in presenting the ideas in e simpley clear
and unambiguous fashion, 4 considersble effort has been made
in providing the neeessary historiecel background, for developing
the subject in & logleal, systematie mamner and to evold
sweeping statements as far as possible. An attempt has also
been mede to malte thesis self eontalned (complete in itself)e
Tis has been done to save time wileh is %mﬁ very often by
the ronder in making references to literature and gspocially
to that whieh is normally irmeccessible. This has, however,
inereased the bull of the thesis but the author feels 1t is
worth it, for the aim kept in view
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The Chapter I of the present thesis gives a
historlieal development and a general survey of the lattice
dynanies of erystal with particular reforence to the
lonle erystals,

The Chapter II gives a brief deseription about
the recent shell models proposed by Cowley and Cochran etc.
and polints out the inadequaey of these models In the onse
of caeaium halides.

The Chapter III deals with the equation of motion,
In this ehapter, the lattlee dynamies of caesium hallde
type of gstruetures has been developed in the harmonie
approximation by sssuming the erystal to be perfect, made up
of spherieal and nonedeforusble lons and having only twowbody
interactionss The total interactlon hes been divided into
two parts coulomblan and nonecoulomblane The net effect of
the nonecoulombian term is m;wlsiw and 1t includes the
effect of all the atiraetive forees other than the coulombian,
Pollowing the method outlined by fellermann for sodlum
ehloridey coulomblan part of the eoupling coefflicicnts
(elements of the secular matrix) have been ovaluated, It
may be remaried that the evalustion of the coupling coefficients
involves lattiece sums, for long range coulomb foree they
involve tedious summetions, Howevery the serics has been
made ranidly eonvergent by using Gsuss's error function and
Ewald's © function transformatlon, There oceurs a
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paramater ¢ in the expressions for the eoupling
eoeffielents, the values of the counling coeffieclents

are independent of the value of 4 80 two arbitrary
values of ¢ were chosen to erossecheck the results of
caleuletionss Table 3,1 presents tho new values

numerienl
of the eoupling coeffieients for the caesium halides
type of strueturess For purposes of ealeulation the
phase space has been divided into 10x10x10 equal partss
which gives rise to 80 nonequivelent points, The present
method 1s superior to Hellermann as it sssigns correct
gtatistical welghts nnd gives a total of 6,000 eoupling

coefiicienta,

The Chapter IV deals with the determination of
the repulsive eoupling coefficlents, It gives a brief
deseription about the various forms of repulsive notentials
availeble in literature and the methods of disposing off the
adjustable esnstants in these potentials, It has been showm
that for constant volume, the values of the eoupling
ecoefficlents sre independent of the form of the potential
funotion,s The present mothod also differs from the traditional
method used by fellermann of using the conditions of
equilibrium and the compressibility for determuining the
constants of the repulsive term. Instead of compressibility,

whose experimental values may be in error by 10§, more
ahlen frequency has been used for determining
the e-nstants of the rapulsive teme The relation between

philen frequenay and the resulsive constants ean be
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obtained by solving the secular detorminant in the long
waveslongt: limit. Unlike the coulombian @ﬁ&@iiﬁ%
eoeffliciontsy the repulsive eoupling eosfficlents are
substance dependent, New results for the total (sum of
eoulombian resulsive terms) eoupling eoefflelents for 66
nonequivalent wave vectors are given in Tables 443 and 4.5
for ecaesium ehloride and eaesiun indide respectively,

The Chapter V deals with the elastie sonstants
of coesiunm halides, The theory of the elastie sonstants
has been discussed {rom a very genersl stand points The
inapplieability to the present case of Laval's ideas of 45
elastic eonstants for o very general ionie crystal has
been clearly brought oute There i3 o general digcussion
about the relative merits of various methods nenely method
of comparison, method of ldentification, method of honogeneous
deformation and the method of long waves for the determinstion
of the elastic constants of crystals. %The suneriority of
the method of long waves has been elesrly shown, This is
folloved by a genercl discugsion of the Cauechy relations
and the attempts to renove the diserersncles, The difference
between the isothermal and the adiabatlc eclastle constants
has always been kept In ?1@%@'

The expressions for the elastle constants have
been dedueed by the present author and have been glven in
the chaptere The present expressions are an laprovenent
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over Kellemmann in two Laportent respects

(1) they are consistent with the symmetry
requirenents of the lattice and

(11) explicit statement of the eonditions under
uiilel they hold.

Hew results of the nresent caleoulations on the elastie
eonstants of ceesium halides are given In Table 5.1, To
complete the dlscussion values of the Poisson ratio «

and compressibility 8 have also been given in Table 5e2.

fagk which has been brought to the light is
that the expressions for B and ¢ have boen deduced
by assuning the condltions of isotropy in liternture.
fecording to the present author an alternative definition

13 also poasible esge

Traditional definition w=_ro  F=S
Q) 2 s 3
Hew definition & = S 4 3¢, ¥F2Cu

TaeESy B T3
The two definitions are equel only if the condition of
isotropy nanely all ® Cyg = 304y 1s satisfleds In other
words, for erystels which are not isotrople, the ﬁﬁl&@ﬁ of
the compressibilities deduced from the measurenents of
elastic constants from the usual definitlon are misleading.

The present analysis of the experimental and
theoretical elastie eonstants has given g new aud g very
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forees i,e, the magnitude of the repulsive teorm should be
smaller than what is normally obtained by adjusting the

paranetors,

The Chapter VI deals with the relative merits of
conputational methods of solving the seoular deterinant
and reports new results on the specific heats of caeslum
ehloride and cassiuwm lodide, The seculay detorminants for
CsCl have been solved by using Aitken's method and fopr Csl
by using & computer IBM 1620, The speeific heats from
these frequencles have been found by adopting Hlackman's
34
ealeulations for the vibration frejuencies and speeifie

sampling technlque, The new results of the prese

heats of caesium ehloride have been given in Tahles 6,1 and
Ge2 and the eorresponding results of the nresent caleul-tiong
on caesium lodide in Tnbles 643 and G4,

The departures of the present theory in the
ealeulation of the specific heats at low temporatures have
been assoelated with the differences in the present and the
experinental values of the elastie constants,

The Chapter VII deals with the equation of state
of epealum chloride type of structurcs, The present author
following the method ehalked out before by Verma and Dayal
for the sodium chloride has developed new exsressions for
the equation of the state of caeslum ohloride type of
atructures, In e preliminary investigation the effeots of

zero polnt energy have been ignored., However, it has been
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made explicitly eclear that the inclusion of the sero point
energy would alter the values of the adjustable eonstants
in the repulsive term and so also the elastic constants in
whiich the Caweky relation will no longer be satisfied,

The new results on total pressure for various values of
the volume ratic g = ..‘!\}: heve been given in Table 7.4
These have used to plot imstherms, Hew results of the
investigation on the variation of isobarie eoefficient of
thermal expsnsion end isothernal esmnressibility with
temperaturey melting point and eohesive cnergys have been
reported in Tables 7.5 and 7464

The most important conelusion drawn from the
present anelysis is that for a consistent emslanation of the
differences betwoen the experimental and the theoretieal
elastic constents,y cohesive energy and thermal expansion
the totel interaction potential adopted for the present
investligation must be augmented by a term sueh that it will

increase the theoretical ecohesive energy of ecacsium chloride.

The present author has also done somo supplemantary
work on the vibrational properties and the specifie hests
of alphaeivon wiich :ﬁés being reported in Chaptor VIII, The
inelusion of the worl should be considered in jslace, in a
gemeral discugsion on the lattice dynemies of solids The
dt@wr digeusses the Caushy discrenancy inverlably encounted
in the case of metals and the limitetion of the uzodels based
on central forees which alweys yleld the Cauehy relstion Cya=C e
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de Launay has given a phenomcnologleal model to meet the
problem, Hew results besed on this model for ﬁﬁﬂ
vibrational frequencies, dispersion relations and the
speelfle heats of alphaeiron have been nresented in
Tables 8.2 and 8,3, Here, also for the surioses of
ealeulation the phase space of the first Brillouln gone
has been divided into 10x10x10 equal parts which gives
47 nonequivalent points, It has been pointed out that

this diviaion hecomes eonrse at 1low temperatures, To overcome

this alfficulty, the present author has adooted & new
method lees of dividing the first Srillouin zone into two
parts the central part consisting of 4xdwd points

vhich are replaced by en equivelent Debye sshere and the
outer part in between the Dedbye nohere nnd the doundaries of
the first Brillouin zone. The calelations based on this
model glve a better agreement with the experiments,

Some of the results of the present investigation
have been published or sccepted for publicationy the details
of which are given balows

le The Coupling Coeffleients and ilastic Constants
of Cacslum Halldes, Physe State Sole 2, 30 (1964),

S¢ Phonon Speetrun and m‘@@ﬁif&& Heat M &a%ﬁm
m&#ﬁmi Phiyss State S0l ﬁ, 365 (1968)

3¢ honon Frequensy ﬂ&%&ri&m& lon of Alphaeiron,
?m* w%@' J@l‘ &’ (ma}ﬂ

4 Phonon Speetrum of CsI, (In Press),
A copy of each of the published nasers has been
attached at the end.
Septembar 1, 1966
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