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Lattice dynamics ofcnesium chloriCe has  been worked out employing th: 
shell model o l  Cowley et al*.. tak ing Into account the  po?aiisabiiitks of both t h e  
ions. Wiih the phonon branches at the fifty six representative noinh in the 
Brillouin rono, the frcqxency distributions a n 3  t h e  specific hoatc are calculated mi 
a fair agreement 1s found between the infrared maxima p ~ a d k t c d  b y  the  model and 
also tbe spectfic beats obtained from caiorimetric data. Howcver it is shown that 
the modified shell model put forward by Doo and Dayal are not concistent wiih the 
symmetry of the normal modes on the Lone boundary and also the agreepen! between 
thc cniculatod and  observed specific hcats ar- not  satisfactory in this model. 

~ N T R ~ U C T I O N  

In retest ytors, there has been considerable success in the application of 
shelf model to describe the lattice vibrations in ionic (NaF, KT, KBr, 
NaT i' 3, 9, il * i  aud covalent (Ge, C)=' crystals. Phonon dispersion in caesiom 
halidea have not been measured so  far, probably due to the large nrotcoi! 
absosplion cross section of caesium and thc rdo re  there has not been much 
progress on the  dynamics of these crystals. However the  validiry of i% 
lattice dynamical models for these crystals could be tested from their ability 
t o  explain the thermal properties and the  second order Raman and Tufrarcd 
spectra O F  these crystals. It wns with this view that one of usB, worked orit 
?he dynamics of caesium iodide t o  enumerate the distribution of' intsnsitic3 
in the second order Raman spectrum of caesium iodide. This was follow~d 
by a detailed investigation OF the dynamics3' o f  caesium halides and Rubidium 
chloride employing the shell models to interpret the  two phonon Raman 
Infrared spcctra using the combined density of stares of Johnson and cochrmK. 
Recently, a modified shell model for potassium iodide  has been put for*2rd 
by Dee aud ~ a y a l '  to include many body forces and to exp!ain the Cauchq 
discrepancy. It was therefore felt necessary t o  study the utility of ll!ejc 
model f o r  caesiurn chloride structures and t o  compare the results of sin+ 
a d  modified shell models and the results of such an  invtsti~ation are 
pr%=wted in this note. -- 
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The equations of motion For the cores and  shells of the ions in tllc unit 
in the harmonic - adiabatic - electrostratic approximations ar- given by 

F" Aid U, - (R + 2, CZ,) (1, i- ( T + Zi CCY,) N:. 11 1 

On eliminating W, in [ i ]  c s i rg  I;] we obtain the dynnmical matrix 

[ ( R +  Zd C&)-  ( T  r z,,cY,) (s + Y,I CY&' 1.5" + Y,,cz~) 
- w 2  kfd]uc - o Dl 

giving the frequencies of the  normal modes and their polarisation vectors. 
In these equations, R, T, S are the  n~atr ices  specifying the short range inter- 
sctiom while C is the matrix o f  Coulomb coefficients. Md, Yd and Zd are 
diagonal matrices representing the  mass, charge on the  shell and the ionic charge. 
U, is a column vector specifying the amplitude of the displacement of the ion 
&Wc is the electronic dipole moment of the  ions. The long range and short 
range matrices are  defined as  

The expressions for T and S are  similar to those for R. 

The matrix 
s,. - s,, + Y & ' O ~  S, ~ R X ,  PI 

where ni is the polarisability of the  kth ion. Following Woods e t  al." We 
asSUn:e R - T- S which implies that  the short range interaction acts throu$ 
the shells. 

in order t o  work out  the short range coupling coeficients, we define the 
parameters A, B, A,,  B, and A ~ ,  & for  the nearest and  next nearest neighbour 
anion-anion and cation-cation interactions respectively, 



with IOoe parameters, the  short range matrix cltrucnts tu rn  oet to be 

! ^ =..~h, : ( A  + Z  B )  cos % ?, cos ?; q,. eos - q, 
!XXl 0 



It can also be shown that  

Therefore, from these eqoations, one call obtain dl - (I2, K; and hence 
the parameters A, P4 and dl, d~ t he  distortion poIarisahilities of the ions. 
assunling z - I and using the relation ( d ! ~ ~ )  is a constant f o r  each iono. 

For the con~putat ions  on a simple shell model it was assumed that the 
short range interaction extends upto Ihc nearest neighbows only and the 
foliowing set of parameters were obtained From Ehe cornpressibiliry and rhe 
kfrared maxima. 

A ~ 9 . 3 4 7 1 6  
B - - 0.67847 

(al/o) - 0 04105 
(a2/u) - 0.042CG 

ds - 0.05471 
rl, - 0. is094 

The parameters of the  model being known, a program was written for 
the CDC-3600 computer a t  Tara Institute Fundamental Research Bombay, 
to generate the dynarnical matrix and to  diagonalise it by a modified llacobi 
method. The elgen values of  the dynamical ma:rix a t  property weighted 
tiftYdx nvnequivalcnt points, were used to construct the frcqnency disrriburion 
shown in Fig. 1. .The peak corresponding to  transverse: optical branches 
W o e s  ~iiell with the  infrared maximum7. 

IJ&g the ,frequency distribution, the specific beat of tho crystal was 
computed over a range of temperatures, by numerical integration of - 

6,. - 3kn 1 g ( l a )  E ( h w / k ~ )  dm 
0 

where n is the atomioity of the  crystal and E ( h w / k r )  is rhc Einstein f u n c t i ~ n  

J-s ( " 1 )  dw - I. The experimental and calculated values bgice aeli a s  

shown in Table 1 

From the  specific heat values, l!ie: Debye tenrpcraturcs ( O D )  ore calcrllawd 
and the temperatwe variatioll of O D  is shown in Fig. 2 and cxliihits ti:? 

char:1ctcrisiic dip at  iiw tc-oipei:ttuies. 



FIG. 1 
Frewencg Distribution of Cs C1 



FIG. 2 
Variation o f  B D  with temperature for Cs C1 

0- experimental values - - Calculated value8 

TABLB I 
Sr ecific Heat of CsCE, experimental and 

calculated. at different temperatures. 

Temp. K Y  Ci, ( c L I c . )  Cu (Expt.) 



volunle dependent Forces t o  represent approximately the  three body jnteractiors. 
their rigid ion model containing these volume forces, the dynanlical matrix 

is given by 
[ ( R  4- Y +  %,{ C&)- &fd wW2] h/c - 0 [:I] 

rihere the eiemcnts of the matrix ' V '  are given by 

o is a volom-, dependent force constant and the  introduction of this potential 
afFects only the longitudinal vibrations. Deo a n d  Daya1~incorporare  there 
forces in :he st-ell mc Gels by assuming that  the  vo lune  deperdent forces 
operate only betncen t t e  cores of the ions t o  arrive a t  the  dynamical matrix 

Employing the  definition of the volume dependent coupling coefficients, 
we get 

wbere o , ~  is a force constant for unlike neighbours and a,, and a,, are those 
for like n.ighbours. Employing the method of long waves the contribution 
of these volume forces to the elastic constants is found to be 
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~ h u s  the inclusion of the many body forces contribute t o  the elastic 
Clz and not to the shear constant Cw and also from symmetry 

co2siderations, the contributions to C I ~  a d  C ~ I  are equal. With these 
contributions included in equations 14 to 16 and assuming that the equilibrium 

remains unaltered and restricting to nearest neighbour interactions 
&ne, the parameter Z and B can be obtained from the equilrbriunl condition 

Cd4. A can be obtained from 

wtiie the paralncter a l l  - 8 2 2 3  is obtained from (Cg2 - c ~ ~ )  expt. assuming 
0,:-0. 

Thus in the modified shell model the expression for 3 is the same as  in 
the simple shell model except that  Z is not necessarily equal t o  one. Also the 
value of A is  identical with that  obtained with shell model with an  adjusted 
value of Ctl which is obtained 'after subtracting the Cauchy discrepancy 
(C,,- Cd4) from the experimental Cll. The longitudinal optical mode at k 4 O  
i s  given by 

wbiie the transverse optical branch remain unaliected by the introduction of 
the voiuine forces. 

An attempt was made to compute the phonon dispersion in  thallium 
bromide in addition to  the computation of the spec~fic heats of caesium 
chloride. The parameters of this model taking into account second-nelghbour 
kteractions also, were calculated from the e las i~c constants, infrared frequencies 
omand w~~ and the equilibrium condition, assuming oil - 0 2 2  and o,z -O  and 
that the second neighbour interactions between the anion-anion and cation- 
cation are identical. The  volurne dependent forces a l l  increase with tl!e 
increasing (c,, - c,) expt. For example al l  - - 0.0954 for potassium iodide 
wi~h C12-0 22 and Cq4 -0,368 while o12 is - 0.821 for lithium Oouride with 
Ci, - 4.24 and C, - 6.49. Nevertheless in the case of TlBr and CsCl, clt > Cu, 
and (C12- C,) is fairly high in the former and the: constant all is positive for 
both the crystals and  have values ell  .= 0.60446 in T1Br and a l l  - 0.09648 in 
CsCI. The effective charge on the ions was also found to be very nesrly +qua! 
to unity when the second neighbow forces were taken into account. 

With these parameters, the dynatnical matrix was solved for the fifty six 
con-equivalent points i n  the reduced zone. On account of t.he hi@ symmetry 
of tht CsCl structure it is founda that there is a pair of threefold dege~reratc 
modes at rhe zone corner R (0.5, 0.5, 0.5) and a pair of doubJy degenerate 
modes for all  points on the  surface of the zone with q, -qy - 0.5, in our 



terms which split up the degeneiacy of the modes This is also Fo~nd to  be 
in case foi all points with q,  = q, = 0.5 where instezd of a pair of daub[? 
degenerate roots, we ob ta in  four non degenerate roots, the reason for this 
discrtpaccy being the choice of this particular form of the +:, 6k.k') invoivinS 
qXq,iq1. Thus i n  the modified shell model, the  expression For the frequencies 
zre not exactly pzriodic i n  reciprocal space and alio the zone boi~rdar~ 
phonons are highly influenced b y  the choice of r!le volume dependent 
potedinl. Since ciie volnii~e forces are smaii, one can assume a wave vector 
dependence of these forces and assume tha t  they are zero at the zone 
boundarie:, thereby satisfying the symmetry requirements. A plot of 8 - T  
for CsCi in the modified shell model is given in Fig. 2. and the agreemen: 
between theory and experiment is not sstisfactory. It is fell that a Eettsr 
way of introducing voiuiile furces involving reciprocal lattice vectors will help 
lo  solve !he dynamics of alkali ha!!des explaining t h e  die1ec:ric and e1as:i.: 
pro~ert ies  in addition to  phonon d!spzrsion and thermal properties. 

Tile authors wish to thank Professor R. S .  Krishnnn For his guidance and 
encouragement and Piokssor B. Dayal for saxe diacussicl~s d u r i n g  the prrpcss 
of the abose investigations. 
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