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Gibbons l has measured the thermal expa nsion 
of Ge, Si, and InSb at low temperatures. Usin~ 

these data and values of the heat capaci ty meas 
ured by various investigators, together wi th the 
Gruneis en relation,2 

(1 ) 

he obta ins a plot of y vs T /8
00 

reproduced as the 
solid lines of Fig. 1. CY. is the volume coeffici enl 
of thermal expansion, V the crystal volu me, AT 
the isothermal compressibility, and C v the heat 
capacity at constant volume. This plot indicates 
an anomalous negative peak for the case of Si 
and InSb, but not for Ge over the range of tem 
peratures investigated. Gibbons has ind icated by 
the dashed lines an extrapolation of y toward zero 
as T / 8 00 goes to zero. It is known that these ma
terials with diamond-like structures reveal ex 
traordinari ly similar behavior in other lattice 
properties such as the temperature dependence 
of their Debye temperatures and even their lat
tice spectra. 3 It seemed, then, worth investi 
gating this situation wherein a difference of be
havior was observed. Sheard4 discusses a way 
of obtaining high- and low-temperature limitlOg 
values of y fr om a knowledge of the pressur e de 
pendence of the elastic constants of a SOlid , in
volving the averaging of a property over a ll the 
directions of a crystal. We have found a s imple 
and quick method of obtaining the limiting value 
of y as T approaches zero, from the following 
considerations. Derivation2 of the relation (1) on 
the assumption that the Debye temperature is in
dependent of temperature, which should be ex-

pe cted to be va lid at very low temper atures , 
yields - y = dlnO/ dlnV. It is possible to calculate 
the lim iting va lue of the Debye te mper ature at 
OaK from the values of the ela stic cons tants, mo
la r volume , and density of a material: de Launay5 
has prepared tables from which one can easily 
evaluate 00 using the relation: 
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F1G . I . Variation 'of Gruneisen factor with reduced 
te m pera l lire 1'/ 8 00 for germaniu m (800 = 400oK). silicon 
(8"" = 671°1\:) . vilt·cous s ilica f)oo = 4 95°K). and indium 
antimonide (800 = 211°K).1 
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where 

N is the total number of atoms, V is the volu me, 
p is the density, and the remaining symbols have 
their usua l meanings. /(.." l) is presented in tab
ular form. From reference 2 one can obtain 

which can be evaluated using lhe tables and Lh e 
known values of Cij and d lnCij ld lnV for Ge 0 and 
St.? Term by term the r esults arc, for Ge and Si, 

Ge: d lnGol d InV .:: -Yo = -0.751 + 0.167+ 0.092 = -0.402; 

SI: -Yo= -0.490+0.167+0.073 = -0.250 . 

Note that the th ird term, involving the inter
polation in the table and arising from the change 
of elastic anisotropy and Poisson ratios with vol
ume, is a relatively small correction for these 
materials. The values of Yo so obtained are in-

dicaleci by x ' s on the Tie 00 = 0 ordinate of Fig. 1. 
A possible interpolation of the data is indicated 
by a dolled line, whence the y of Ge does ex
hibit the same behavior as that of Si and InSb. It 
seems probable that Gibbon1;j' extrapolation given 
by lhe dafihed line is incorrect in the case of Ge 
and thal the Similarity of behavior of Ga, Si, and 
InSb is presorved. 
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