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Employing Group theoryr, the nature of the normal modes of caeslurn 
bromide, at various critichl points, is investigattd The compatibility relations 
between the  group of  wave vectors and rhe complete phonon dispersion have been 
worked out. 

The Method : 

The :caesium chloride structure is described by t h e  space group 0:: 
The unit cell contains two atoms a n d  hence a t  every wave vector q , t h e r e  exist 
six normal modes of v i b ~ a t i o n .  O n  account of symmetry, the same normal  
frequency may correspond to  several normal modes especially a t  %he critical 
points T, R, M ,  X, etc., of the  reduced zone. T o  determine the degeneracy 
o f  th2 normal modes at  a certain wave vector, the six dimensional mechanical 
representation aS the normal vibrations should be reduced in to  the irreducible 
repsesentations of the symmetry group of the u e v e  vector. T h e  dipnfnsjpn.of 
the irreducible representatton of q determine the degree of degeneracy of t h e  
normal modes. The number Nj ( q )  determining the nuniher of times the j t h  
irreducible represeniation of  q is contained in  t h e  reducible representation o f  
the  normal vlbrations is given by 

where the surnmaiion is over all the symmetry elements NG of the space group 
of the wave vector q. Since c a e s i ~ ~ m  chloride structure belongs t o  the  
syrrimorphic sp. ce group, tha  group of the wave vectors corresponds to  t h e  
known p o i n ~  grorps.  7 ke characters of the nc smal vlbrations for proper and  
impropsr rotat ions a re  gihen by 

where n, denotes the number of atoms in the basis cell which remain invariant 
o r  co  over to equivalent atoms in the 0th unit cell. 



Tab% I t o  V give the cha~ae te rs  of the irreducible rep~esenlzlions and  
the  repiesentation of the nc~rmal modes oT the grou,, of wave vectors a t  the 
wrious critzcai points. Tablrs (Vl  a) to ( V L d )  gi e us the compatibility 
relations between the varicus wave vectors. 

From the tables, we find that  at l' (q = 0), there e tist two triply degenerate 
normal vibrations corresponding to the optical :.nd acoilstic branches. 
The degeneracy of the optic modes a! is llfred on account o f  the Lyddane- 
Sachs-Teller relalion. For wave vector along [OOI] iiirection, each P,5 splits 
into A l  $ A s  and we have a pair of  degenerate optical and  acoustical 
branches comiug under A r  Similarly fop waves ai.bng [ ! I ! ]  direciion, each 
ri, splits into A ,  a n d A 3  and  hence,once again, we haye pure long;tudinai and  
pure transverse modes along this direction also 41 the critical point R, 
however, we have two triply degenerate limi,ing vibratims, involving vibraticns 
of planes of atoms of caesiums alone or bromine3 alone, coming under 
R;, and R15. Along [110] direction. the modes are ;>on-Zegeoeratt except a t  
the crit!cai point 84, where once again we 1 sve t r a n s  m e  modes along [cO!] 
directions and mixed degenerate modes in  the [ l l ~ ]  directions. A:ong the 
direction T ('for all points with q, - q, = f), we have 2 pail of pure transverse 
modes. In !hese normal vibrations, the angle between t?le instant:ii ccus 
positions of the two dlEerent atoms is always 90'. 

Character table for the group of :he nvector at the point M and Y. 

7 E 2Cq C2 2C; 2 ~ ;  1 2S4 sir 2 u ,  1 0 ,  N ( M )  I V ( X )  



TABLE? 2 
Character table for the group o fq  vector a1 the polnt F and 8. 

TABLE 3 

Cliorueter table ior the group o fq  vector at the point n and T. .- - . - -~ ~ - .. . .- ~- ..- 

.. E 2 C, C2 2 a, 2ed N ( A )  N ( T )  
- ".." 

.;I I 1 I 1 1 2 1 

TI '  I 1 i - I - I  0 0 

2 , - 1 - 1 1 1 - 1 0 0 

72' 1 - 1 I - 1 1 0 I 

7s 2 5 - 2 0 0 2 2 
- -" - - 
r ( A j  6 4 - 2 4 4 

X ( T )  6 0 - I 0 -2 



TaaLi 4 

Character table for the group o f q  sector at Lnz poini z, 5 and .?. - .- -- 
". 5 - G a Y ; M I X )  N ~ S )  N ( Z  

Scni~riibili!). Rdations at v s r i o ~ s  cri:icai points for the represeniaiions ofcacciurn bramid?. 

( 0 )  Conpatibility Relations between Tand '1, 2 
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(ii) Compatibility Relations between X'and Z ,  S, A 

TABLE 7 
Symmetry Coordinates for the normal modes olcaesiun bromide 

. . ~  - -  







The chdracter of the normal nodes czn be eas i ly  scodicaf from T'able 7, 
which ~ i ~ ? s  us the  symmetry coordinates of the  normel modes. Employing 
these syrwnetry coordinales and  the sheil-n.odei calc~~ialions of the latrice 
ribatitions in caesium bromides2 the compkte  dispersion curves along these 
critical points have beeq plotted as i n  Fig. I .  Thc critica? poinl p i ~ n n o n s  are 
coni i s~ent  w i t h  the Raman modes and xhe second order Raman and Infrared 
spectras. 
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