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Recently (I), an inverse-power-type in- 
teratomic potential energy function was 
employed to calculate the ratio between the 
thermal expansion coefficient and heat ca- 
pacity of simple metals. This ratio which is 
known to be a constant (2), independent of 
temperature, was then compared with the 
experimental values for several metals. 
Fair to good agreement was obtained be- 
tween theory and experiment. However, as 
different interatomic potentials usually 
have a varying degree of success in explain- 
ing the properties of solids (3), we decided 
to attend to the same problem by applying 
another widely used potential energy func- 
tion, the Morse potential, and compare the 
results. 

Let p be a characteristic length in the 
crystal lattice such as the nearest neighbor 
distance, the lattice parameter, etc. The to- 
tal potential energy of the lattice a’, being a 
function of p, may be expanded in a power 
series of p - PO, where p. is the value of p 
at absolute zero temperature. Expanding Q 
to the fourth power of p - p. and applying 
the method developed previously (I), we 
find 

(1) 
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where @t and @{ are the second and third 
derivatives of @, respectively, evaluated at 
p = PO. 

Under the Morse potential energy func- 
tion, the total lattice energy of N atoms is 
given by (3) 

ND 
@(a) = 2 $hrO C e-2~UMj 

i 

- NDe*‘o 2 e-haMj (2) 

where a, being the characteristic length for 
our calculations, is the half-cell distance for 
both bee and fee monatomic lattices. D, A, 
and t-0 are the Morse potential parameters 
(3) and Mj is defined by i%4j = rjla, where rj 
is the distance from the reference atom to 
the jth atom. 

With the aid of Eqs. (1) and (2), the val- 
ues of CYIC, are calculated for several metals 
and listed in Table I. The lattice sums 
needed for the calculations are evaluated 
by the technique described in reference (3). 
The average experimental values of a/C, 
over the temperature range of 25 to 1000 K 
(4) and those obtained from the inverse- 
power-type potential energy function (I) 
are also listed in Table I. However, for bar- 
ium and the alkali metals the experimental 
data are available only for limited tempera- 
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TABLE I 

VALUES OF cK, IN UNITS OF 10e6 molelcal: (a) 
CALCULATED FROM INVERSE-POWER-TYPE 
POTENTIAL;(~) CALCULATED FROM MORSE 
POTENTIAL;(C) AVERAGE EXPERIMENTAL 

Metal (4 (b) (c) 

Pb 5.29 3.80 4.43 
& 3.35 2.69 3.25 
Ni 2.42 2.12 2.02 
cu 3.06 2.59 2.89 
Al 3.21 3.21 4.14 
Ca 6.36 5.40 3.31 
Sr 6.83 5.79 - 
MO 1.36 1.12 0.97 
W 1.07 0.91 0.75 
Cr 2.23 2.05 1.36 
Fe 2.49 2.15 1.86 
Ba 6.29 6.10 2.06 
K 20.93 14.68 11.60 
Na 17.38 12.48 9.50 
CS 23.74 17.62 13.18 
Rb 22.55 16.79 12.41 

tures, especially those for barium and ce- 
sium which may contain large errors (4). 

The results indicate that some improve- 
ments have been achieved with the Morse 
potential over the inverse-power-type po- 

tential energy function. This, however, is 
not surprising in light of the following facts 
(3): Unlike the Morse potential, <the lattice 
sums are independent of the homogeneous 
deformations of the lattice in the case of 
inverse-power-type potential energy func- 
tion. The energy of the lattice is not, there- 
fore, coupled with the lattice geometry in 
the case of the latter potential. Further- 
more, some bee lattices are unstable under 
the inverse-power-type potential energy 
function. In fact, in the case of alkali 
metals, this potential leads to an infinite co- 
hesive energy. 
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