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for the physical situations, where d7/dp>0 and
@#T/dp*<0. Among melting curves, there are a few!
with dT/dp<0 and but one (cerium'®) thus far with
@T/dp*>0. The thermodynamic data for the melting
of copper, silver and gold (Table I) are probably more
precise and extensive than those for other elements with
relatively high melting points. One of the most un-
certain of the data in Table I is probably the value for
the thermal expansion of liquid gold,'® which is believed
to be an overestimate because the values given in the
same paper'® for copper and silver are higher than the
presently preferred values. There do not appear to be
direct measurements of any type for the compressi-
bilities of the liquids and solids near the melting points.
The present experimental results and the data collected
in Table I allow, however, estimates of (dAV/dp) via
Egs. (1), (2), and (3).

The suggested inequalities of Eqs. (2) and (3) must
be subject to empirical testing for each material con-
sidered. For copper, silver, and gold, the inequality
(0AV/dT) > (dT/dp)ACH/T is satisfied beyond doubt.
If it is assumed that Egs. (2) and.(3) are valid, the
following lower limits for — (dAV/dp)r are estimated
as (in units of cm3/g atom Mbar) Cu, 1.5; Ag, 2.5; Au,
1., at the respective zero-pressure melting points. The
bounds implied for (9AV/dp) via Eq. (1) may be
examined by writing an equation for the melting curve
as an expansion about the zero-pressure melting
point, viz

T=Tot+p(dT/dp)pmot3p*(PT/dp*) pmot-- - 1. (4)

If the experimentally determined initial slopes are
identified with (d7/dp)y—o and the deviations from
linearity and/or experimental uncertainties are identi-
fied with the next term, estimates can be obtained for
(#T/dp*) p=o. Thus

—2|AT|/p*S (@T/dp*) pmos ®)

where the right-hand side may be estimated from Eq.
(1). The upper bounds for — (dAV/dp)r, obtained in
this way, are: Cu, 7.5; Ag, 3.0; Au, 3.4 (in units of
cam®/g atom Mbar).

The validity of these bounds for (8AV/dp)r is
difficult to assess since the estimates are based on
empirical relations [Eqgs. (2) and (3)] and on experi-
mental data uncorrected for the effects of pressure
on thermocouple emf. Nevertheless, knowledge of
(8AV/ap)r is of great importance in any understanding
of the course of the melting curve beyond the explored
region since this term, involving the difference in com-
pression between liquid and solid, is probably the
dominant one in the expression for the variation in

15 A. Javaraman, Phys. Rev. 137, A179 (1965).
18 . Krause and F. Sauerwald, Z. Anorg. Allgem. Chem. 181,
347 (1929).
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volume change with pressure, viz
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dp ap
It is more likely that the pertinent zero-pressure data
are available for estimating the variation in entropy
change with pressure, viz

dAS  [OAV’ dT\ACp
dp ar/, \dp/ T

dAS/dp=0.140.3 for copper, —2=1 for silver, and
—1.4+0.4 for gold (in units of cal/g atom Mbar). It
can be readily appreciated that the standards for these
types of data must be very high. Only highly precise
zero-pressure determinations combined with careful
high-pressure experiments can give a proper basis,
beyond the accumulated uncertainty, for internally sclf-
consistent results and for any extrapolation to higher
pressures and temperatures. It is doubtful whether
very many of the high-pressure, high-temperature data
in the literature could meet such stringent requirements.

CONCERNING THE LINDEMANN RELATION

Most of the theoretical rationalizations of the Simon
equation are based on some form of the Lindemann
relation, which may be expressed here as

MV2YV3T-129="constant”, ®)

where M is the mass of the element, V the volume of the
solid at the melting point, 7" the absolute melting point,
and ¢ the Debye temperature. For related series of
elements, the “constant” often varies by less than 109;.
For copper, silver and gold, the variation in the
“constant” is about in this range for the Debye tem-
peratures'” derived from specific heat, elastic moduli,
resistivity, thermal expansion and x-ray intensity meas-
urements. For the Debye temperatures deriving from
elastic-moduli data, as computed by Gschneidner,'” the
variation in the “constant” is less than 29,

It should be possible to investigate the utility of the
Lindemann relation for theories of melting at high
pressure if measurements allowing the derivation of
Debye temperatures at high pressure were available
for comparison with data for the compression an
melting curve of the element. In general, there are only
limited data allowing estimation of the Debye temper
tures at high pressure except that, fortunately, the
elastic moduli at 300°K of copper, silver, and gold have
been measured by Daniels and Smith'® to 10 kbar.
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