
COi\ll'RESSrl3IL(TY AT HIGH PRESSURES 

tion to the volume (tlv') fr·om Schottky-type defects 
according to Moll and Gurney2 is given approximately 
by 

(J) 

(sec Ref. 2 for definition of constants >y,B, and wo) . For 
solids tlv' should become appreciable only at tempera
tu res approaching the melting poinL. It may be neglected 
at room temperature in solids having high cohesive 
energies and melting points. 

The kinetic eriergy of the valence orbital [TI= f(PI )J 
was assumed to be given approx imately by the Fermi
Thomas equation 

(4) 

where h=Planck's constant, m=electron mass, and PI 
was assumed to vary directly as the density of the atom . 
For all lhe other electrons, the kinetic energy '1\= f(p; ) 
('1'; 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 p;'s were not all 
considered to change in the sallle proportion as energy 
If was added to or taken from the system. In thermal 
expansion the only appreciable change considered was 
that in the valence electrons, since electrons in JilIed 
bands would not be excited thermally . In compression, 
on the other band, the kinetic energy was assumed to 
change in proportion to the "surface area" of the orbital 
computed on the basis of spherical charge distributions 
and the ratio '1''/']'1 . Thus, all oriJil<"d~ \\'ere considered 
to contribute to the "hardness" of an atom in proportion 
to '1'1/'1';. 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 func:.tion ~cf» of ~he 
kinetic energy of the valence orbital (1'=cf>'1\) some
times considerably in error based on the v:uiance be
tween calculated and experimental compressibilities. It 
may still be assumed, however, .i f the fermi-Thomas 
model applies, that changes in the 'I','s for compression 
of the atom are all related to the kinetic energy oi the 
valence orbital, such that ']'= f(p) and also cf>=g(p). 
This assumption alone permits integration of the last 
term or pressure coeflicient of compressibility in the 
equation 

, l"d{3 {3={3o+ -dp. 
. 0 dp 

(S) 

DilTerentiation of Eq. (2) with NIR (111/ p)! replaced by 
a constant times the specilic volume (v) gives the result 

dfJ =f3[~~- It InT]= ~{fl[l- It In1\_ (llncf>]. (6) 

dp dp dp rllnv d Inv 

t N. F. ::'Itnll and R. W. Gurney, Eleclronic Processes ill [onic 
Crysl,;ls (Oxford University Press, K ew York, 1953), p. 31. 
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Based on Eq. (-±) the term -d In'I'I/d lnv b(;comcs ju:-,t 
}. Then with the additional assumption tha.t 'I',r6- f(11) 
for i~ 2, on(; obtains -d lncf>/d Inv=6= i(l-l/ cf». This 
was the basis for the origin;d derivation of a= (5 / 3)+0. 
However, this assumption is clearly in error, and th~ 
theory for a should thus be modilied. For example, '1' 
should vary as 0 J), the Debye characteristic telll]>er.t
tu rc, and, therefore, -d In'['/ rI 111t'=-y, the Griineis(;l1 
conslant. Thus while the previous derivation of b ~ive~ 
b~;t, the result should insl(:ad be -y- }, or about 1.3. 
Therefore, wc shall here replace the questionabk as
sumption about the constant value of ~ by the :dterI1<tle 
assumption '1'= f(v), such that from Eq. (.1) onc oblains 
cf>=g(v) which leads to the result t1mt b is a COllstanl. 
Equation (6) then becomes 

d{3/dp= _(32(1+; +6) = -affl , (7) 

where a= (5/3)+6. Combining Eqs. (5) <md (7) and 
integrating successively by parts one obtains 

'" 
(3={3o.L (-a{3up)i={3o/(1+a{3op) . (8) 

i-O 

[l\lore simply, diflcrentiate Eq. (8) lo get Eq. (7).J 
We shall, however, use all alternate method described 
below to evaluale Cl. from w·hich b is obtained . Equation 
(8) has the same form oi the Tai t equ:ttion 

(:J=C/(L+p), 

and would be idcntical 10 it if the constants C and L 
were defined by a.-I and ((/{3 .. )-I, respeClively. 

The original model was inknded to apply without the 
use of empirical constants by providing theorelically 
computed values of a. Unfortunately, the theory for a 
proved inadequate giving theoretical value,; in th e ran~e 
1.8 <a < 2.3, while actual values required to giv(; the 
correct {3's fell in the range 1.8<a<6. :,'loreover, the 
required a's averaged about 3.0 which is greater than 
the upper limit of a, permi Lted by the theordical approxi
nMtion in Rc£. 1. It is the purpose of this article to 
modify the theoretical basis for a and to show that the 
improved model provides a reliable model for the high 
pressure compressibility oi solids, if indeed not all 
condensed materials in general. 

MODIFIED THEORY OF "a" 

The proposed llloditication of the theory of ,L is 
based on the fact that Eq. (8) is of lhe form of Lhe suc
cessful Tait equation, and that the L in the Tait 
equation has already been interpreted (alLhough some
what intuitively) as an internal pressure.Hi Thus, it is 
here postulated that for homonuclear solids 

3 A. Wohl, Z. Ph~·sik. Chcl11. 99, 234 (1921 J. 
'A. Carl, Z. Phy,ik. Chrm. 101, 2.U! (1922). 
• R. Ginell, J. Chcm. l'hys. 35, 1776 (1%1). 
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