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where Pi is the internal pressure generalized to include 
both the usual thermodynamic internal pressure 
(aE/ av) T and the cohesive energy density (p/) given by 
the relation 

p/= ~o/vo, (11) 

where ~o is the cohesive energy at absolute zero. The 
internal pressure as used in this study is, therefore, 
pefined by 

(12) 

The ratio of density (or specific volume) at pressure P 
to that at atmospheric pressure is found by combining 
Eqs. (12) and (8) with the definition of compressibility 
(j3=-d Inv/ dp) to give the result 

(13) 

Usually ~o/vo»(aE/av)rj and, therefore, for evaluating 
this model, Pi is approximated by Pi' = Pi. This is similar 
to ignoring Av' as given by Eq. (3). 

Equation (13) predicts that plots of log(v/ vo) against 
log(1+p/p.) should give straight lines of slope -1/a 
= ~rf:3o/vo. Before evaluating this prediction, it is of 
interest to relate the present derivation to the Grlineisen 
constant, as expressed by 

'Y= avo/ {3Cw• 

From Eqs. (14), (1), and (2), one can obtain 

'Y=2~/3. 

In the Grlineisen derivation "I is also given by 

"1= -d lnvm/ d lnv, 

(14) 

(15) 

(16) 

where Vm is the characteristic frequency of the vibra­
tional modes of the solid. Since only vibrational energy 
is involved in H for thermal expansion of homonuclear 
solids (except near absolute zero and high temperatures 
where free electrons contribute appreciably to heat con­
tent), T should vary directly as Vm, such that 

d lnvm d InTI d ln~ 
"1=--= -----, (17) 

d Inv d Inv d Inv 

which gives the result 

a= 1+2~/3= 1+"1. (18) 

APPLICATIONS TO HOMONUCLEAR SOLIDS 

Plots of log (v/ vo) against log (1+P/Pi) were made for 
many metals, alloys, and other homonuclear solids 
where data were available. The majority of data gave 
straight line plots satisfying the linearity criterion with 
excellent precision. Two types of (expected) irregulari­
ties were noted and explained. 

(1). In the alkali metals. for example. straight line 
plots were obtained only at high ~ressure, deviations 
from linearity being prominent at ow pressures. The 
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FIG. 1. Log- log plot for isothermal compression of sodium 

and cesium. Data from ReI. 6. 
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ars. In this case the linear part of the curve extra­
polates to zero pressure at about v/ vo= 0.92 indicating 
a Av'/ v contribution of about 0.08. All of the alkali 
metals are characterized by low cohesive energies and 
melting points, and have a significant contribution of 
thermodynamic defects according to Eq. (3). The energy 
required to form a hole should increase with pressure, 
however, according to the relation 

where pR3 is the extra work required to form a hole of 
volume R3 at pressure P over that at p=O. Other homo­
nuclear solids that exhibited nonlinear 10 -10 lots 
were s ur, te urium, and some of the rare earths. Most 
of these have low meltmg points, and thus an appreci­
able Av'/v contribution at ambient conditions. Mercury, 
on the other hand, exhibited only a straight line log-log 
plot despite its very low melting point. In some cases 
gradual structure changes may also contribute to devia­
tions from linear log- log plots. 

(2). Sharp pressure-induced phase (or polymorphic) 
transitions caused first-order discontinuities in the log­
log plots. Bismuth and cesium (Figs. 1, 5, and 6) are 
examples of this. The fact that the log-log plots are 
straight lines on either side of the transition is striking 
evidence for the validity of the present model. 

A few examples of the log-log plots are given in 
Figs .. 1- 6. Table I, however, summarizes the information 
obtained from plots made for all homonuclear solids 
where data were available. The experimental p(v) data 
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FIG. 2. Log-log plot for isothermal compression of magnesium 
and aluminum. Data from Ref. 6. 
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FlG. 3. Log-log plot for shock compression of magnesium 
and a luminum. Data from Refs. 8 and 9. 
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FrG. 4. Log- log plot for shock compression of iron. Data 
from Refs. 8, 9, 10, and 11. 

rom Seltz an e ureau of StandardsP 
Values of a, found empirically from the slopes of the 

log- log plots of data obtained by the shock loading 
method, were an average of 15% higher than corre­
sponding values for static compression, owing appar­
ently to shock heating and other dissipative factors18 •19 
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FIG. 5. Log-log plot fo r osothermal compression of arsenic, 
antimony, and bismuth. Dala from Ref. 6. 
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FIG. 6. Log-log plot for shock compression of bismutb. 
Data from Refs. 8, 10, and 12. 

that differentiate the shock process from the more 
common isothermal or adiabatic processes. The ratio 
of isothermal compressibility ({3T) to adiabatic compres­
sibility ({3s) is found from thermodynamics to be 

(19) 

Since Cp and Cv are nearly the same for solids, little 
difference should exist between isothermal and adiabatic 
compressibilities as compared to the larger difference 
between the isothermal and shock wave compressibili­
ties. From Eq. (10) and the expected independence of 
Pi on the method used, one obtains 

(20) 

Griineisen Constants 

A comparison of the '}" s obtained from the a's and 
Eq. (18) with those obtained by more direct methods 
by Grlineisen,20 Slater,20 and Benedek21 are given in 
Table 11. Included in this comparison are results com­
puted from Eq. (15) using the data previously derived 
by the approximate method given in Ref. 1. The favor­
able comparison of results indicates that the present 
theory of a is satisfactory. The '}"s obtained from the 
</>'s and Eq. (15) are apparently not seriously in error 
either, which implies that the approximation used pre­
viously to calculate </> was reasonably reliable, but the 
method of relating </> to a, which involved the change of 
</> with density, was seriously in error. 

20 C. Kittel, lntrodltclion to Solid State Physics (John \-Viley & 
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