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PREFACE

In the last decade, the study of lattice dynamics has

experienced a resurgence in interest because of important

developments in experimental techniques, viz.=- the thermal
neutron scattering, the laser excited Raman scattering,
infra-red spectroscopy (reflection, transmission and

emission experiments), edge emission and absorption, electron
tunnelling effect and the refinements in x-ray technique.
These enable cne to obtain quite detailed and precise
information an the lattice vibrations of solids which uere
largely unobtainable earlier from the study of thermal

properties alone. Conseguently, the whole field has become
very much alive and substantial progress has been made in a
period of fecu years.,

- At present, the semiconducting mixed crystals of the
C_ are being found to have more and moTe

1-X "X
applications in modern technology. Out of these, the IV-VI

type A1“XBXC and AB

semiconducting mixed crystals are Févoured by well balanced
metallurgy, the excellent uniformity in composition and the
material stability at elevated temperatures. The band gap

in such crystals (like qu_XSnXTe,-Pb1~X5nxse etc.) véries
with concentration X and can be narrowed down to any desired
value by adjusting xs It is for this reason that such

narrow band gap semiconducting mixed cryétals are widely used
in infre~red detection both as sensors of thermal radiation

and a8 wide-<band detector in the emerging areas of laser radar



and laser communications. In addition to infra-red detectors
and emitters, narrow band gap semiconducting mixed crystals.
have potential applicafions in the magnehmaresistiVQ,Hall-
cffect and thermoelectric devices. In vicu of the above, the.
theoretical study of such mixced crystals forms an important

part of the present investigations.

Thé quest for the nature of interatomic interactions in
solids is of paramount importance as it leads tg an undere
standing of their vibrational, thermodynamical, elastic,
dielectric, optical, electrical, thermal and neumcrous other
physical properties. All these properties’depend on the
motion of the constituent atoms (or ions) of the crystals

and hence their study requires the knowledge of actual form
of phonon frecuency spectrum which can be achieved by mcans
oFltheoretical models of lattice dynamicss In the present
work, therefore, the phonon dispersions, Freéuancy spectrum,'
specific heat and elastic constants of some sclected mixed

7
crystals on a modified rigid ion model suitable to such

crystals have been studied.

In mixed crystal systems A1-x8xg; there are two different
types of lattice vibrational behaviourses Crystals yith a so
called onc-mode bchaviour show only one longwavelength (qd»O)
transvgrse optical (T0) as well as one longitudinal optical(LO)

phonon mode, their energy varying continucusly with the
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compcsition x from the mode freguencies of the lighter
component doun to the mode frequencies of the heavier
component. The other typé exhibits two=mode behavicur. In
this case, for an intermadiatc mixing ratio, two scts of
phonon modes occur close to those of the end memers AC and
BC. Thc oscillator strength of those modes are nearly

ropartional to the mole fracticn of cach component.
projf

The selected mixed crystals are, thersfore, divided
into two categorics 3

1) Those shouing onc mode behaviour @

Pb,]MXSnXTe, pb,]_xsnxse, GeX5n1~xTe_and K1~xbeCl’
K1-xbeBr’ ‘N%—xkxcl KC11_prx, KBr1-xIx j
and
2) Those showing two mode behaviour ¢
Ky-xRbyls pbse1;xTOx
(1-8)

Limited efforts have been made towards theoroeotical

study of lattice dynamics of such mixed crystals. In some

cases, the stoucture of mi*ed crystal is knouwn, uhercas in
some other cases, it is not known and thus making théir
study more difficult. The most successful and recent is the
Psaudo Unit Ccll Model duc to Chang and Nitra(1), which does

not take into account the structurc of the mixed crystal,

but instead, assumes a Pscudo Unit Cell which is the repetitive
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unit to gencrate the whole crystal.e Though the model gives
qualitatively good results, it doos not speak of the physics
for the ond-member crystals when the analysis is reduced from
the two mode behaviour of the mixed crystals. In ather cases,

snerall the models used to study thoe pure binary compounds
generally,

have been oxtended to study the latilce dynamics of mixe

(

8]

crystals arec modificd rigid lon moael

(10)

crystalse [he models which can be physically epplied to mixed
) and Simple Shell

Model with come modificationse Out of these, the Shell
Model was found to give guod agrcement with experimental
results, but it involved a large number of fitting parameters,
which when extended to ternary mixed crystals will involve

still morc paramceters requiring correspondingly large number

of experimental input data. In the 2bsence of many experimental
data for mixed crystals, the Shell Maodel, usually, can not be
applicds Houwever, very reccently, Piric & Ried(11)(1981) have
also pointed out a scrious flauw with Shell-Model celculations,
Thereforc, in the present investigations, a Modificd Rigid

Ion Model has heen used,

In the present investigations, only those mixed crystals

have been sclected which occur in rock salt structurce The
rock salt structure cxhibits a high degrce of ionicity bccause
the cogrdination number of six for rock salt structurc can nox

be reconciled with the directional valance bands. According



to Philipis criterion (which applies strictly only to
cempounds having 8 valancce electrons to the basé) lonicity
should excecd 0.785 for rock salt structurc tc occur. Hence
Rigid lon Model inifially uscd by Kellermanéqz)(1940) for
Mall shauld be a good model with proper modifications for
compounds in rock salt structurce Since IV-VI semiconductors
(like PbSe, PbTe otce) have very high values of dielectric

constant (i.c. large polarizobilitivs), the effcct of large

polarizability should be taken into accounte Further as the
IV-VI compounds are made up of hecavy atoms with large core
sizos, the interactian betuween ions/atoms shculd be considered
offective upts larger number of neighbours. Hence here has
bocen devcloped a Modified Rigid lon Model to study the narrou
bandegap IV~VI semiconcducting mixed crystals in which the
effect of lerge polarizability‘gf atoms is incorporatcd by
introducing an effcctive charge parameter (determined from
L,S.T. relation) in the long range Coulombian contribution
terme Also becausc of the large mascses & large core sizos

¢f the constituent atoms, the shaort range interaction has

been considerod effective upto four ncighbors on the lines

of de Laumey<13>n The eight shnart range force constants

(four contral and four num%uQQVf:) for cach of the end membors
(purc compounds) AC and BC in ﬂ1—XBxC arc firet determined
using three clastic constants and five phonan frequencies at

the centre and at the boundary of first Brillouin Zone. The
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lattice constant, the effective charge parameter and the
shorl range force constants for the mixed crystal arc
calculated assuming a lincar variation with mixing

concentration Xe

STUDY OF CRYSTALS SHOWING ONE-ODE BEHAVIOUR

" Since the rock salt structurc is two interpenetrating
fecece letltices, wc assum@ here thet for mixed, crystal
Rq_xByC, the atoms of type C ococupy one fecece lattice and
the sites on sccond fececs lattice arc jointly occupied by

(1-x)A and (x)0 atoms forming a joint entity. UWe further

assume a completely random distribution of these tuc types of
atame on their latticee The problem is now treated similsar
to the case of pure binary crystals in the rock salt

structurce

The theorctical calculaticns of phonan dispersions,
clastic constants and specific heat are found to be in
fairly good agreement with the availeble experimental results.
The stucy of the above propertices with verying mixing
concentration x, has also been madcs Ta test the genceral
applicability of the model, it has alsc been applied to
study some of the mixed alkali halide crystals in rock salt

structurce.

STUDY OF CRYSTALS SHOWING TWO-MODE BEHAVIOUR 3

The two-mode behaviour cxhibitoed by mixed ecrystals of the
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type A, B.C is attributed to non-randomness in the

distribution of the two types of atoms A & B on one of the
feCeCe suUblottices. A mon-randamness parameter 5 is intreduced,
which is gvelunted by fitting to onu zono centre froquency of
the mixed crystal. Due to non-randomness in a2 mixed crystal

R1 XBXC, (1-x)& otoms will interact with (1=x)A atoms as well

as with (XPQB atoms. Similarly, xB otoms will interact with
xB atoms as well as with (1—X)ﬁ, A atom. The dynamical
matrix for cvaluating the phonon freoquencies is correspondingly
mocificd, which now gives four optical phonons at the zone
centre for some finite value of %x. 1t is important to mention
that tho present model gives only tuwo optiqal phonons at the
zone centre for values of x = 0 and x = 1, the two extreme
cascs corresponding to the pure end-members. AC -and BC in
agroement with the experimental facts; uhereas, all the other
oxist.ng madcls used by other wsrkers in the field(158),
give three optical phonans at the zone centre for exoct
values of X = 0 and X = 1, the third being referred to as
local mode or gap modc as the cese may be. The present
model, howover, gives local mode or gap moade in the cases of

infinite dilution cnly i.c. wWhon x=20 and x ~ 1, but naot
Py 3

at exact x = 0 and X = 1.

The phaonon dispersions, clisstic constants, frequency

spcctrum and specific heat have been calculated for various



valuss of x for the sclected mixed crystals, A fairly

good agreecment is found with available experimental results.
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