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P R t  I' ftC t

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 qui te  d e t a i l e d  and pr ec i se  

informat ion on the l a t t i c e  v ib ra t i ons  o f  s o l i d s  uhich uere 

l a r g e l y  unobtainable e a r l i e r  from the study o f  thermal 

proper t i e s  a lone .  Consequently,  the uhole f i e l d  has become 

very much a l i v e  and su bs ta n t i a l  progress has been made in a 

per iod o f  feu y ea r s . ;

At pr esen t ,  the semiconducting mixed c r y s t a l s  o f  the 

type A^-XB^C and are being found to have more and more

a pp l i c a t i on s  in modern techno logy .  Out o f  these ,  the IV-VI  

semiconducting mixed c r y s t a l s  are favoured by w e l l  balanced 

m e ta l lu rgy ,  the e x c e l l e n t  un i formi ty  in composi t ion and the 

m ate r ia l  s t a b i l i t y  at e l e va ted  temperatures.  The band gap 

in such c r y s t a l s  ( l i k e  Pb.] _ xSnxT e , Pb^^Sn^Se e t c . )  v a r i e s  

with concentra t ion x and can be narrowed down to any des i r ed  

value by ad just ing  x. I t  i s  f o r  th is  reason that  such 

narrow band gap semiconducting mixed c r y s t a l s  are u id e l y  used 

in i n f r a - r e d  de tec t ion  both as sensors o f  thermal r ad ia t i on  

and as uide-band de t e c t o r  in the emerging areas o f  l a s e r  radar



and l a s e r  communications. In add i t ion  to i n f r a - r e d  d e t e c t o r s  

and e m i t t e r s ,  narrow band gap Semiconducting mixed c r y s t a l s  

have p o t e n t i a l  a p p l i c a t i o n s  in the m a g n e ta - r e s i s t i v e ^ H a l l -

e f f e c t  and t h e r m o e l e c t r i c  d e v i c e s .  In v i eu  o f  the above,  the 

t h e o r e t i c a l  study o f  such mixed c r y s t a l s  forms an important  

part  o f  the present  i n v e s t i g a t i o n s .

The quest fo r  the nature o f  in t e ra tom ic  i n t e r a c t i o n s  in 

s o l i d s  i s  o f  paramount importance as i t  l eads to an under­

s tanding o f  t h e i r  v i b r a t i o n a l ,  thermodynamical ,  e l a s t i c ,  

d i e l e c t r i c ,  o p t i c a l ,  e l e c t r i c a l ,  thermal and ,neumcrous o the r  

ph ys i ca l  p r o p e r t i e s .  A l l  these p r op e r t i e s  depend on the 

motion o f  the cons t i tuen t  atoms ( o r  i ons )  o f  the c r y s t a l s  

and hence t h e i r  study r eq u i r e s  the knowledge o f  a c tua l  form 

o f  phonon frequency spectrum uhich can be achieved by means

o f  t h e o r e t i c a l  models o f  l a t t i c e  dynamics. In the present
\

work, t h e r e f o r e ,  the phonon d i s p e r s i o n s ,  f requency spectrum,

s p e c i f i c  heat and e l a s t i c  constants o f  some s e l e c t e d  mixed
/

c r y s t a l s  on a modi f i ed  r i g i d  ion model s u i t a b l e  to such 

c r y s t a l s  have been s tud i ed .

In mixed c r y s t a l  systems A B C, th e r e  are  two d i f f e r e n t[•“•XX

types o f  l a t t i c e  v i b r a t i o n a l  behaviours.  C rys ta ls  with a so 

c a l l e d  one-mode behaviour show on ly  one longwave length  (q-?>0) 

t ransve rs e  o p t i c a l  (TO) as w e l l  as one l o n g i t u d i n a l  o p t i c a l ( L O )  

phonon mode, t h e i r  energy vary ing  cont inuous ly  with the



composi t ion X from the mode f requenc ies  o f  the l i g h t e r  

component doun to the mode f requenc ies  o f  the heav ier  

component. The o ther  type exh ib i t s  tuo-modo behaviour .  In 

th is  case,  f o r  an in t e rm ed ia t e  mixing r a t i o ,  tuo se ts  o f  

phonon modes occur c l o s e  to those o f  the end memers AC and 

BC. The o s c i l l a t o r  s t r eng th  o f  those modes are  near ly  

p r o p o r t i o n a l  to the mole f r a c t i o n  o f  each component.

The s e l e c t e d  mixed c r y s t a l s  a r e ,  t h e r e f o r e ,  d i v id ed  

in t o  tuo c a t e g o r i e s  :

1) Those showing one mode behaviour :

Pb1 - x S n * T e ’ P b 1 - x S nx S e ’ and V x Rbx C i ’

V x Rbx B r > KCl 1 - x Brx ’ KBr1 - x I x ;

and

2) Those shouing tuo mode behaviour s

K Rb I ,  PbSe- Tq 
1—X X ’ 1 -X  X

(*1 *"8)L imi ted  e f f o r t s  ~ have been made touards t h e a r o t i c a l  

study o f  l a t t i c e  dynamics o f  such mixed c r y s t a l s .  In some

cases,  the s t ruc tu re  o f  mixed c r y s t a l  i s  knoun, uhereas in 

some o ther  cases ,  i t  i s  not knoun end thus making t h e i r  

study more d i f f i c u l t .  The most su cc e s s fu l  and re cen t  i s  the 

Pseudo Unit  C o l l  Model due to Chong and Mi t ra  , uhich does 

not take in to  account the s t r u c tu r e  o f  the mixed c r y s t a l ,  

but i n s t e a d ,  assumes a Pseudo Unit C e l l  uhich i s  the r e p e t i t i v e



iv

unit  to generat e  the uhole c r y s t a l .  Though the model g i v e s  

q u a l i t a t i v e l y  good r e s u l t s ,  i t  does not speak o f  the phys ics  

f o r  the end-rnembor c r y s t a l s  when the a n a l y s i s  i s  reduced from 

the tuo mo do behaviour o f  the mixed c r y s t a l s .  In o the r  cases ,  

g e n e r a l l y ,  the models used to study the pure binary compounds

have been extended to study the lp.ti-.ico dynamics o f  mixed

c r y s t a l s .  I lie models uhich can he p h y s i c a l l y  app l i ed  to mixed

c r y s t a l s  are  modi f i ed  r i g i d  ion m or . ' o l ^  and Simple S h e l l

(10 )Model u i th  some m o d i f i c a t i o n s .  0.ut o f  these ,  the S h e l l

Model uas found to g i v e  good agreement u i th  exper imenta l  

r e s u l t s ,  but i t  i n vo l v ed  a l a r g e  number o f  f i t t i n g  parameters ,  

uhich uhen extended to te rna ry  mixed c r y s t a l s  u i l l  i n v o l v e  

s t i l l  more parameters r e q u i r i n g  co r r e spond in g ly  l a r g o  number 

o f  exper imen ta l  input data.  In the absence o f  many exper imenta l  

data f o r  mixed c r y s t a l s ,  the S h e l l  Model ,  u su a l l y ,  con not  bo 

app l i ed.  Houever,  very  r e c e n t l y ,  P i r i e  & R i e d ^ ^ (1981) have 

a lso  po inted  out a s e r ious  f law  u i th She l l -M ode l  c a l c u l a t i o n s .  

T h e r e f o r e ,  in the present  i n v e s t i g a t i o n s ,  a M od i f i ed  R i g id  

Ion Model has been used.

In the present  i n v e s t i g a t i o n s ,  on ly  those mixed c r y s t a l s

have been s e l e c t e d  uhich occur  in rock s a l t  s t r u c t u r e .  The 

rock s a l t  s t r u c tu r e  e x h ib i t s  a high degree  o f  i o n i c i t y  because 

the coo rd in a t i on  number o f  s i x  f o r  rock s a l t  structure:  can not 

be r e c o n c i l e d  u i th the d i r e c t i o n a l  va lance  bands. Accord ing
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to P h i l i p ’ s c r i t e r i o n  (uhich app l i e s  s t r i c t l y  only to 

compounds having 8 va lance e l e c t r ons  to the base)  i o n i c i t y  

should exceed 0.785 f o r  rock s a l t  s t r u c tu r e  tc occur .  Hence 

R ig id  Ion Model i n i t i a l l y  used by Kel lerman t̂ 1 2^(1940) f o r

NaCl shobld be a good model u i th  proper m o d i f i c a t i o n s  f o r  

compounds In rock s a l t  s t r u c tu r e .  S ince IV-VI  semiconductors 

( l i k e  PbSe, PbTo e t c . )  have very  high values o f  d i e l e c t r i c  

constant  ( i . e .  l a r g e  p o l a r i z o b i l i t i e s ) ,  the e f f e c t  o f  l a r g e

p o l a r i z a b i l i t y  should be taken in to  account .  Further as the 

IV-VI  compounds are  made up o f  heavy atoms u i th  l a r g e  core  

s i z e s ,  the i n t e r a c t i o n  betueen ions/atoms should be cons ide red  

e f f e c t i v o  upto l a r g e r  number o f  ne ighbours.  Hence here has 

been deve loped a Modi f i ed  R ig id  Ion Model to study the narrou 

band-gap IV-VI  semiconducting mixed c r y s t a l s  in uhich the 

e f f e c t  o f  l a r g e  p o l a r i z a b i l i t y  o f  atoms i s  in corpora ted  by 

in t roduc ing  an e f f e c t i v e  charge parameter (determined from 

L .S .T .  r e l a t i o n )  in the long  range Cuulombian co n t r i b u t i o n  

term. Also because o f  the l a r g e  masses & l a r g e  care s i z e s  

e f  the c o n s t i tu en t  atoms, the shor t  range i n t e r a c t i o n  has

been considered  e f f e c t i v e  upto four ne ighbors on the l i n e s  
< 1 3 )

o f  de Launcy'  . The e i gh t  shor t  range f o r c e  constants 

( f o u r  c e n t r a l  and four  Civâ u.O.Q.Y'' ) f o r  each o f  the end members 

(pure compounds) AC and BC in C arc3 f i r s t  determined

using th roe  e l a s t i c  constants and f i v e  phonon f r e quenc i es  at  

the cen t re  and at the boundary o f  f i r s t  B r i l l o U in  Zone. The
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l a t t i c e  constan t ,  the a f f e c t i v e  charge parameter and the 

shor t  range f o r c e  constants f o r  the mixed c r y s t a l  are 

ca lcu la tcd  assuming a l i n e a r  v a r i a t i o n  u i th  mixing 

concen tra t ion  x.

STUDY OF CRYSTALS SHOUING ON E—1 i ODE BEHAVIOUR :

Sinco the' rock s a l t  s t ru c tu r e  i s  tuo i n t e r p e n e t r a t i n g  

f . c . c .  l a t t i c e s ,  uo assume here that  f o r  mixed, c r y s t a l  

A* VBVC. the atoms o f  type C occupy one f . c . c .  l a t t i c e  and
J *“  X X

the s i t e s  on second f . c . c *  l a t t i c e  are  j o i n t l y  occupied by 

( 1 -x )A  and ( x ) 3  atoms forming a j o i n t  e n t i t y .  Ue f u r t h e r

assume a comp le t e ly  random d i s t r i b u t i o n  o f  these tuo types  o f  

atorne on t h e i r  l a t t i c e .  The problem is nou t r e a t e d  s i m i l a r  

to the case o f  pure binary c r y s t a l s  in the rock s a l t  

s t ru c tu re .

The t h e o r e t i c a l  c a l c u l a t i o n s  o f  phonon d i s p e r s i o n s ,  

e l a s t i c  constants and s p e c i f i c  heat are  found to be in 

f a i r l y  good agreement u i th  the a v a i l a b l e  exper imenta l  r e s u l t s .  

The study o f  the above p r o p e r t i e s  ui th va ry ing  mixing

concent ra t ion  x s has a l so  been made* To t e s t  the g ene ra l  

a p p l i c a b i l i t y  o f  the model ,  i t  has a lso  been app l i ed  to 

study some o f  the mixed a l k a l i  ha l id e  c r y s t a l s  in rock s a l t

s t ru c tu r e .

STUDY OF CRYSTALS SHOUING TUP-MODE BEHAVIOUR :

The tuo-mode behaviour exh ib i t ed  by mixed c r y s t a l s  o f  the
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type A. Bv/C i s  a t t r i b u t e d  to non-randomness in the1 — x x

d i s t r i b u t i o n  o f  the tuo types o f  atoms A & B on one o f  the

f . c . c .  s u b l a t t i c c s .  A non-randomness parameter jg, i s  in t roduced ,

uhich is evaluated by f i t t i n g  to one zone ccnt re  f requency o f

the mixed c r y s t a l .  Due to non-randomness in a mixed c r y s t a l

A B C, ( l ~ x ) A  atoms u i l l  i n t e r a c t  u i th  ( l ~ x ) A  atoms as u e l l  
1 •* X X

as ui th (xp)  3 atoms. S i m i l a r l y  , x-B atoms u i l l  i n t e r a c t  u i th  

xB atoms as u e l l  as ui th (l~x)|*> A atom. The dynamical  

matr ix  f o r  eva luat ing  the phonon f requenc ies  i s  c o rr e spond ing l y  

m od i f i ed ,  uhich nou g i v e s  four  o p t i c a l  phonons a t  the zone 

centre  f a r  some f i n i t e  value  o f  x. I t  i s  important  to mention

that  the present  model g i v e s  only  tuo o p t i c a l  phonons at  the

zone cen t re  f o r  values o f  x = 0 and x = 1 , the tuo extreme

cases corresponding  to the pure end-members, AC -and BC in

agreement u i th  the exper imenta l  f a c t s ;  whereas,  a l l  the o the r

( 1 — R )oxist_.ng models used by o the r  uorkers in the f i e l d  ,

g i v e  th ree  o p t i c a l  phonons a t  the zone cen t re  f o r  exact  

values o f  x = 0 and x = 1 ? the th i rd  being r e f e r r e d  to as 

l o c a l  mode or gap mode as the case may be. The present  

model,  however,  g i ve s  l o c a l  mode or gap mode in the cases o f  

i n f i n i t e  d i l u t i o n  cn ly  i , e .  uhon xs^O and x 1, but not 

at exact x ~ 0 and x = 1.

The phonon d i s p e r s i o n s ,  e l a s t i c  constants,-  f requency 

spectrum and s p e c i f i c  heat have been ca l c u l a t e d  f o r  var ious



Valuos o f  x f o r  the se le c ted  mixed c r y s t a l s ,  A f a i r l y  

good agreement i s  found ui th a va i l ab l e  exper imental  r e s u l t
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