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where the sum is over all calculated frequencies, 
and 

x 2ex 
E(x) =--

(e:r-l)2 

is the reduced Einstein specific heat for a single 
oscillator of frequency, w. The weight function 
?v( q) is the number of wave vectors in the entire 
Brillouin zone equivalent to q, where q is one of the 
47 points in -1s of the Brillouin zone. 

boundary. These low frequencies are responsible 
for the sharp minimum in the Debye curve near 
20oK. The point ion models predicted considerably 
higher frequencies and did not reproduce the 
minimum. Low frequency transverse acoustic 
modes have been found from inelastic neutron 
scattering measurements in other semiconduc­
tors. (18 .27 .28) 

The optic modes were found to be quite fiat, 
and since these frequencies were fitted at q = 0, 

FIG. 7. Phonon dispersion curves for Mg2Sn calculated from a shell model. 
The low frequency transverse acoustic modes are responsible for the sharp 

minimum in the Debye temperature near 20oK. 

It is customary to display results of specific heat 
calculations or measurements in terms of the 
Debye curve as a function of temperature. In 
Fig. 5, we have shown the results of our calcula­
tions for the shell model and the two point ion 
models along with the experimental results of 
J ELINEK et al. (4) It can be seen that the shell model 
calculations agreed with experiment better than 
either point ion model calculations especially at 
the low temperature minimum in the Debye curve. 
None of the models agreed particularly well with 
the experimental curve above 140oK, where the 
Debye temperature decreases steadily. A similar 
high temperature decrease can be seen in some 
alkali halides(22) and III-IV compounds.(15) 
Generally, such a decrease in 8D has been attributed 
to anharmonic -effects, which are not included in a 
harmonic approximation to lattice dynamics. 

The lattice vibration frequencies calculated for 
the shell model are shown in Fig. 7 for wave 
vectors, q, along the principal symmetry directions. 
Our results showed that the transverse acoustic 
modes have very low frequencies, even at the zone 

the calculated curves should be reasonably 
accurate. The Raman modes, however, were not 
fitted at q = 0 since Wn was not known; the 
Raman frequency was sensitive to the Mg-Mg 
force constant 0(3' We picked 0(3 so that the Debye 
curve agreed with experiment. Decreasing 0(3 , 

for example, caused a vertical shift downward of 
the Debye curve below the experimental value and 
an over-all lowering of the Raman mode fre­
quencies. 

SUMMARY 

The elastic properties of Mg2 Sn and the related 
compounds Mg2Si and Mg2Ge are quite similar 
to those of a number of common semiconductors. 
An interesting feature of the Mg2 X compounds, 
however, is the small departure from the condition 
of elastic isotropy, especially in Mg2 Si and 
Mg2Ge. 

The SZIGETI(25.26) charge, which was the 
effective ionic charge of the Mg ions in our shell 
model, was found to be approximately O·3e for 
Mg2Sn. (It was also found to be about O·3e in 
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