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PREFACE

Many physicel properties of solids are directly dependent
upon their stomic arrangeméﬁt and the corresponding crystal
structuré; The unusual properties possessed by metallic glesses,
amorphous gemiconductors and composite mgterials are a conse-
quence of the modifications in their atomic arrangement, 1In
order to develop neu matefials for specific purposes, it is
essential to understand tha relation between the interatomic

e —————

fo{f:' which hold the atoms together and the macroséupic
properties exhibited by the solids; However, the mature of
thege interstomic forces has eluded exact description, 0ne of
the uays to probe into their nature is to disturb the equilibri-
um configuration of atoms in the solid and to study the reaction
of the unbalanced forces to this disturbance, This takes us to
tte field of lattice dynamics which deals with the ¢oupled
vibrations of atoms that are arranged on ths lattice sites of »
crystal, Information regarding the nature and range of inter
atomic forces is obtzined by comparing the theoretically doauced
spectrum of permissible frequencies of solids and the vibrational
frequency dependence on its wave vector with the corresponding
eXperimentgl data.

The phonon fregquencies of metals are calculated either by a
force constant method or by a pssudopotential approach. The
atomic interactions are split into short.range ion-ion

interactions and long.range electron-ion interactions in the

former whereas they are expressed in terms of an sppropriate



pssudopotent ial in the latter, A vatiety of force gonstant
modals in which the ion-ion lnter;ctions are expressed interms of
tensor, Central and angular forces and the slactron-ion inter-
actions in terms of volume forces as well as a large rumber of
pssudopotentials have been developed for the lattice dynamicai
ltudylof metals, However, the cubic metals in general and alkali
mstals in particular have received most of the theoretical
asttention so far and their experimental data could be fitted as
vell as predicted rather well by many theoretical modsls.

Among the noncubic¢ metals the lattice dymemical study of
hexagonsl close packed mgtyls has received sufficient sttention
but the éhuoretical models suffer from many serious dcficinnaiop.
On the contrary, the tetraqonal metals have reteived hardly any
theoretjical attention in the past, Mongtomic indium and digtomic
white tin are the only metals which have tetragonal structure.
Both of them exhibit supercondueting propertiss at low temperatures.
Digmond cubic (Bc) grey tin undergoes marteneitic transformation
to body centred tetregongl ( BCT) white tin, Besides,the misinter
ptetation of the crystallographic squivalencs betueen face
centred and body centred tetragonal structuro; has led to many
serious errors in the lattice dyngmical studies of indium. Above
all, certain aspects of interatomic forces which are completely
obscursd by the high degree of symmetry associated with the cubic
structures manifest thomselves in these structures leading to
tha slgstic inconsistency of the force constant models.

All force constant modsls that have been developed for the
lattice dynamical study of tetragonal metals suffer from serious
inadequacies, For instance, some of these neglect the elestronatin



interactions altogether while others do not satisfy the symmetry

requirements of the lattices In the present investigation, the
contributions from umklapp processes to the slectron-ion
interactions, summed over several reciprocal lattice vectors, are
included in ordsr to restore the translational symmetry to thase
models, Further,the elastic inconsistency of these models gives
rise to tuo different expressions for C,,.» The author has analysed
a variety of force constant models to establish that this
deficiency is associgted with the neglect of contributions from
"three=bady forces® to the ion-ion interactions of noncubic metals,
Besides, phonon frequenciass, phonon distribution function and the
gspecific heat of indium and tin have been calculated using models
which are free from above mentioned deficienciss and treating the
atomic arrangement as face Centred tetragonal (FCT) as well as body
centred tetragonal (BCT) inorder to arrive at the correct inter-
pretation for their crystellographic equivalence,

The entire work has been divided into eight chapters,

The first chapter deals with the chronological developments in
the Pield of lattice dynmamics of tetragonal metals and the scope
of the prasent work, Second chapter deals with the construction of
Brillouin zones of these metals and the enumeration of phase
pointg, Varisty of force constant models developed for the lattice
dynamical study of these metals are described and their deficiencies
are discussed in chapter three. Volume forces due to presence of
conduction electrons and the importance of umklapp processes are
described in chapter four. Fifth chapter deals with the evaluation
of force constants of all models using requisite number of

experimental elastic constants and zone boundary freguencies.






ACKNOUL ENGEIERTS

1% is my privilape tn uXpress my huartfolt gratitudc and
recverence Lo Or. Ve.Rgmamuzthy, [esistant Profasser of Physics,
I.I.TeDelhi For his excellent guiconce, keen interest and
censtant encourcarmunt thrhu;hcut the caursc of rescarch werk,

I am nighly rrateful tn Dr. J.C. Suihart for sanding fhu
phanern frocuenciss of indium ane to Dr. H,G. Smith ferp kind
pormission Yo use Lhe data. .

My thanks and regards to Pr~f. P.K,CePillai and Prnf,

E. 8. Tripathi, tho successive Heads of tho Dopartment of Physics
for providing necesscry faciliticss, I am thankful to the _
autheritivs of Comnuter Centro fer their help in using the
computer,

I am greatly indebtsd tn my cnlloegue Or. Satish Kumar Mabna
for many stinulating discussiens and kind ce-operzbtions Ny
sincere thanks are zlso to all iy friends whose timely help and
oncouracoaunt can nevar be fergetten. To mﬁntinn htrg aro
Mr, #¢SeT. Sal, Nre FeKe Saraswat, ¥r. M.V.!, imbika Prasad and
fir. ne Thzyumanavan, Thenks te [ir, ialik for his pains taking
typing the manuscript,

Finally, the Finsncisl assistance provided by I,1,T.Delhi

and G.S5.1,R., %Now Delhi ars gratefully acknmuledged,

C . A Mepr— 8

(S.B. Rajendra.Prasad)



CHAPTER

11

115]

4

5]

LONTENTS

PREFECE
ECKHUULEDGEVETS

LETTICTE BYUANICS UF TETRAGOMAL
NETALS ~ A REVIEY

Introcaguction

Revisu of the previous work on
indium

Rovicu of the previous weark on
yhite tin

Scape of the present vork

CRYSTAL STRUCTURZ AND BRILLOUIN
ZONE

Introduction
BCT indium
BCT white tin
tCT indium
FCT white tin

FORMULATION OF FURCE CONSTANT
MODELS

Introduct ion

Lattice dynamical models

flatrix clements for BCT indium
flatrix elcments for BCT white tin
Matrix elemcnts for FCT indium

ratrix elemencs for FCT white tin

10

18

2z
22
23
33

38

47

52
52
55
60
65
72
¥




Iv

VI

ra

4~

€A

VOLUME FOZCES
Introduction

Dovelopment of 3 new el:ctron
rz8 model

Rcoiprogal lztliice vecltors
Sereoning approximations

Iinterforonce factor

EVAELUATICE UF FURCE CURNSTERINTS
Introduction

Elastic censtants relstions with
force constants

Frequency rolations with foroe
cnnstants

Equilibrium condition
0T indium

B8CT white tin

FCT indium

FCT whits tin

ELASTIC INCUNSISTENCY OF FORCE
CONSTANT MODELS

Introduction
Theoory

BCT indium
BCT white tin

Discussion

101

109

109

112

115
116
117
152
145
158




VIl RESLLTS AND DISCU3S IO 214

1 Intrreuction ) . 214
2 Purann ‘reguencics of 3CT indium 216
3 Ahenon fro;uuncizs of 7CT indium 224
4 Phennn fToguencies ~f  BDT whive Ein 230
5 Phonon fr.guencias of FCT whits tin 235
6 Spccific husts and Dobyo tumporaturas

of €8T indium 237
7 Spacific hants and Debyo tomperctures

of FCT indium 241
8 Crysteilographic cauivelonce 245

VIII ~  CGHCLUSIUHS A HD SUGGESTILWS FUR FUTURE
LORK 243

1 Summe Ty 248

ti futurs wnrk 251

4
=]
s
6}
=
o
H

2 Su

(24
=

on]

ek}

R1

0
Hll
-"l
m
-0
™M
=
o)
"
)]



