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2331 COMPRESSIBILITY

tion to the volume (A7) from Schottky-type defects
according to Mott and Gurney? is given approximately
by :
Av' = R3N'y Be—wo/kT 3)

(see Ref. 2 for definition of constants v, B, and wq). For
solids Av’ should become appreciable only at tempera-
tures approaching the melting point. It may be neglected
at room temperature in solids having high cohesive

~energies and melting, points.

The kinetic energy of the valence orbital [Ta=jf (p,)]
was assumed to be given approximately by the Fermi-
Thomas equation

Ti= (h2/2m){(3p1/87)}, 4)

where 2=Planck’s constant, m=-eclectron mass, and p;
was assumed to vary directly as the density of the atom.
For all the other electrons, the kinetic energy 7= f(p,)
(T'; the kinetic energy of the ith electron) was assumed
to obey this “particle in a box” equation, or in other
words, the p;’s being determined by the Fermi-Thomas
“orbital size” equation. However, the pi’s were not all
considercd to change in the same proportion as energy
II was added to or taken from the system. In thermal
cxpansion the only appreciable change considered was
that in the valence clectrons, since clectrons in filled
bands would not be excited thermally. In compression,
on the other hand, the kinctic energy was assumed to
change in proportion to the “surface arca” of the orbital
computed on the basis of spherical charge distributions
and the ratio 7';/T. Thus, all orbitals were considered
to contribute to the “hardncss” of an atom in proportion
to T,/T:. This crude approximation proved inaccurate
in describing the distribution of the applied force among
the (Z) electron orbitals. That is, it led to values of
effective average kinetic energy as a function () of the
kinetic energy of the valence orbital (7'= ¢1‘1) somme-
times considerably in error based on the variance be-
tween calculated and experimental compressibilities. It
may still be assumed, however, if the Fermi-Thomas
model applies, that changes in the 7's for compression
of the atoin are all related to the kinetic encrgy of the
valence orbital, such that 7= f(p) and also ¢=g(p).
This assumption alone permits integration of the last
term or pressurc cocfficient of compressibility in the
cquation ‘ ' -
: i » ,[ﬁ
B=Bot+ ‘—di’- )
. 0 d
Differentiation of Eq. (2) with N'R(m/p)? replaced by
a constant times the specific volume (v) gives the result

dﬁ dino dinT "~ dInTy dlng
dp dp dp dinv  dlny
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AT HIGH PRESSURES

Based on Eq. (4) the term —d InT';/d Inv becomes just
2. Then with the additional assumption that 7' f(2)
for i2> 2, one obtains —d Ing/d Inv=b=5(1—1/¢). This
was the basis for the original derivation of a= (5/3)4-0.
However, this assumption is clearly in error, and the
theory for @ should thus be modified. For L\.lmph,, T
should vary as 6p, the Debye characteristic tempera-
ture, and, therefore, —d InT'/d Inv=4v, the Grincisen
constant. Thus while the previous derivation of b gives
5<%, the result should instead be y—7%, or about 1.3.
Therefore, we shall here replace the questionable as-
sumption about the constant valuc of ¢ by the alternate
assumption T'= f(v), such that from Eq. (4) one obtains
¢=g(v) which leads to the result that & is a constant,
Equation (6) then becomes

dp/dp=—p*(1+5+b)=—af, (7

where a= (5/3)46. Combining Eqs. (5) and (7) and
integrating successively by parts one obtains

B=Bo ¥ (—aBop)=Bo/ (1-+aBop). (8)

i=0
[More simply, differentiate Eq. (8) to get Eq. (7).]
We shall, however, use an alternate method described
below to evaluate ¢ from which & is obtained. Equation
(8) has the same form of the Tait equation

ﬁ=c/(14+P)) (9)

and would be identical to it if the constants C and L
were defined by @' and (aBs)™, respectively.

The original model was intended to apply without the
use of empirical constants by providing theorctically
computed values of a. Unfortunately, the theory for a
proved inadequate giving theoretical values in the range
1.8<a<2.3, while actual values required to give the
correct @’s fell in the range 1.8<a<6. Moreover, the
required a’s averaged about 3.0 which is greater than
the upper limit of @ permitted by the theoretical approxi-
mation in Ref. 1. It is the purpose of this article to
modify the theoretical basis for ¢ and to show that the
improved model provides a reliable model for the high
pressure compressibility of solids, if indeed not all
condensed materials in general.

MODIFIED THEORY OF “a”

The proposed modification of the theory of a is
based on the fact that Eq. (8) is of the form of the suc-
cessful Tait equation, and that the L in the Tait
cequation has already been interpreted (although some-
what intuitively) as an internal pressurce.®=® Thus, it is
here postulated that for homonuclear solids

L= (dﬁo)—1= P4 (10) )
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