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MELTING LAW AT HIGH PRESSURES
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It has been customary in the past to use Si-
mon's formula

P/a=(T /T ) -I

to correlate the melting point T~ of solids at
a high pressure P, using two empirical con-
stants a and c. (T~D is the melting point at
zero pressure. ) The validity and deficiencies
of the equation have been discussed by several
workers. ' Recently, Kraut and Kennedy have
suggested a new melting equation

'(1+ C I Lv/v I )m m

in which t~ is measured in 'C. This equation
agrees very well with the melting point and
compressibility data for Li, Na, K, and Rb.

We wish to point out that a modified equation

T = T '[1+2(y--,') I av/v I ]m m (2)

(T~ measured in 'K) can be derived on the ba-
sis of rather simple considerations. It involves
the Griineisen constant y which can be obtained
from completely independent measurements.
Data are also presented to show that the equa-
tion correlates the melting points and compres™
sibilities of a number of other metals and that
the values of y obtained from Eq. (2) agree
reasonably well with the values obtained from
other sources.

We start from the Lindemann melting equa-
tion

T =c Me'v"'
m 2

bv/v, the compression of the solid, is nega-
tive and so Eq. (2) follows immediately.

In Fig. 1, the melting-point data for tin~ (be-
low the polymorphic transition point at 38 kbar
and 200'C), In, ~ Se,s Al, 6 and Tl' are plotted
against the values of compressions obtained
from Bridgman's work. ' The plots are consis-
tent with Eqs. (1) and (2). Similar consistency
was also obtained by Kraut and Kennedy' for
Li, Na, K, and Rb. For all these metals, the
values of GrQneisen constant, as obtained from
our Eq. (2), are given in Table I as y(calc).
For comparison, the values of y as deduced
from thermal measurements' and the pressure
dependence of compressibility are also given.

In view of the wide scatter in the values of
y as given in the literature, one may conclude
that Eq. (2) gives a reasonable account of the
experimental data. It may be pointed out that
in practice, y is found to be slightly pressure
dependent, and Eq. (2) gives a value averaged
over a wide pressure range. Moreover, v in
Eq. (3), and hence in Eq. (2), is the volume
near the melting point, whereas the room-tem-
perature values of compression are used in
Fig. 1 and Table I. If accurate data on com-
pressions of various metals become available
over wide ranges of pressures, a more crit-

Se

where M is the molecular weight, 8 the Debye
temperature, and v the molar volume. It can
be established on the basis of simple models
of melting. ' The volume derivate of e is re-
lated to the Gruneisen constant, y, by the re-
lation

(de/dv) = -ye/v.

Using this value of dB/dv in dT~/dv as obtained
from Eq. (3), one gets

T = T o[1+ (~-2y)hv/v].
m m
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FIG. 1. Plot of melting points of various elements as
a function of the numerical compression at the same
pressure. The numbers near the experimental points
denote the value of pressure in kbar.
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Table I. Values of the Gruneisen constant, y, as
obtained from our Eq. (2).

Ll
Na
K
Rb
Sn
In
Se
Al
Tl
Ni

(calculated) (thermal)

0.60 1.17
1.15 1.25
1.14 1.34
1.14 1.48
1.81 2.14, 2.03
2.61 2.21
2.26 2.63
2.83 2.17
2.56 2.73, 2.96
2 63c 1 88,

'd
1 91e

(compressibility data)

1.53,g 0.63
1.18g
1.29g
0.90 .
2.01,i 1.85'

1.96g
2.13'
2.18, 1.81~

ical test of our Eq. (2) will become possible.
It should be emphasized that the melting equa-

tiori in the present form does not involve any

aFrom the values of constant C~ in Eq. (1) as given
by Kraut and Kennedy. ~

Below polymorphic transition.
Melting-point data from H. M. Strong and F. P.

Bundy, Phys. Rev. 115, 278 (1959). Compression data
from Ref. 7. Plot lies above the range of Fig. 1.

dFrom thermal measurements (Ref. 8).
From thermal measurements (Ref. 10).
Calculated from available thermal data.

gFrom pressure dependence of compressibility data
(Ref. 9).

hJ. C. Slater, Phys. Rev. 57, 744 (1940).
From L. V. Al'tshuler, A. A. Bakanova, and R. F.

Trunin, Zh. Eksperirn. i Teor. Fiz. 42, 91 (1962)
ttranslation: Soviet Phys. —JETP 15, 65 (1962)].

&From shock-wave experiments (Ref. 10).

adjustable parameter. Equation (2) can be em-
ployed with reasonable confidence, using the
values of y, which can be easily obtained from
thermal and other measurements. This point
is of importance in geophysical and other ap-
plications.
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ULTRASONIC EVIDENCE FOR STRONG COUPLING OF ELECTRONS
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When the phonon angular frequency + and
wave number q satisfy the conditions w &10'
sec ' and q/»1, where l is the electron mean
free path, then the "electromagnetic" and col-
lision-drag interactions may be neglected, and
free-electron theory predicts that transverse
phonons and the conduction electrons in a met-
al are not coupled. ' Electron-phonon coupling
associated with shear deformation of the Fer-
mi surface can become effective only for ar-
bitrary Fermi surfaces. ' Since the latter mech-

anism is ordinarily assumed to be very small
relative to electromagnetic interaction, the
free-electron prediction of essential decoupling
of transverse phonons from conduction electrons
in the simpler metals has been regarded gen-
erally as a very reasonable one in the regime
of total breakdown of electromagnetic screen-
ing. We shouM like to report experimental evi-
dence for strong "residual" coupling of low-
temperature transverse phonons to the conduc-
tion electrons in indium. To our knowledge,


