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For crystals with uniaxial layered structures the elastic constant c44 is given by a 
simple formula containing the frequency of a shear-type rigid-layer mode. The c44 
of several layered compounds with already reported frequencies of these modes are 
calculated by this formula. 

One of the most characteristic properties of lattice vibrations in crystals with 

layered structures is the existence of rigid-layer modes 1.11. In most cases shear- 
type rigid-layer modes are Raman active. In this short note we report on the 
relation between the elastic constant c44 and the frequency of the shear-type rigid- 
layer mode. When Raman-active shear-type rigid-layer modes have been observed, 
we can estimate the aproximate value of c 4 4 '  

In most layered crystals, the force between atoms in the same layer is known to 
be considerably larger than that between atoms'in different layers. This allows us 
to apply a simple linear-chain model to deal with problems related to interlayer 
forces. Here we confine ourselves to the case of the vibration of the shear-type 
rigid-layer mode. The equation of motion of the n-th layer is expressed as 

Here p is the density, d the distance between the center planes of the adjacent 
layers, f the force constant, un the displacement of the n-th layer. The solution of 
this equation for the mode corresponding to the maximum phase difference between 
the neighbouring layers is 

Here w is the angular frequency of the mode. When the relative displacement of the 
adjacent layers is Au, c44 is given by 

fAU 
Auld c44 = - , ( 3 )  

l )  Namiki 1-1, Tsukuba, Ibaraki 305, Japan. 
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The elastic constant  c44 of uniaxial  layered crystals at room temperature;  d is the 
interplanar  spacing, w the angular f r e q u e n c y  of the Raman-active shear-type rigid- 

layer  mode, cZ4 the value calculated by (5)  and czq* the value obtained by o t h e r  
methods 1 crystal Idensit- 
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From (2)  and (3) we obtain the relation 

1 c44 = T p d2 w 2  . (4) 

The mode which we r e f e r  here is Raman active in the layered crystals whose unit 
cells extend t o  more than one layer. Thus we can obtain the approximate value of 
c44 when the angular f r e q u e n c y  of the Raman-active shear-type rigid-layer mode 
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has been measured.  Usual ly  the measurement  of c44 requires samples of s ingle  
crystals. T h e  estimation of c44 by the above  relation is based o n  the Raman data 
which even powder  samples p rov ide .  Relation (4 )  holds when  the phase difference 
between the ad jacen t  layers is maximum and equal t o  T. When the phase difference 
is 6 ,  the co r re spond ing  relat ion is 

2 2  6 -2 c = p d w ( s i n  5)  44 (5 )  

We have calculated the values of c44 for several layered crystals accord ing  t o  

( 5 ) .  T h e  results are summarized in Table  1. When the values of c44 have been  
obtained by o t h e r  experimental  methods,  these values are shown in the last column 
f o r  comparison. T h e  values of c44 obtained by Raman data agree well t o  t hose  
obtained by the o t h e r  experimental  methods within an e r r o r  of a b o u t  10%. 
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