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PRESSURE ON VOLUME AND LATTICE PARAMETERS OF Mg A 1645
TasLe I. Effect of pressure on volume and lattice L H
parameters of magnesium. I
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would be a lowering of the Fermi energy accompanying
an overlap between the Fermi surface and the Brillouin
zone wall. This theory was extended by Goodenough,”
who pointed out that there could be attractive inter-
action between the Fermi surface and the zone boundary
where they approached without overlapping, and that
this interaction could affect the axial ratio and the
axial compressibility. ) ;

Recent studies indicate that the picture based on a
spherical Fermi surface is oversimplified. The calcula-
tions of Reitz and Smith® and the elastic constant
measurements of Smith and his colleagures®® showed
that the Fermi surface must overlap the wall of the third
Brillouin zone in pure magnesium at one atmosphere.

The detailed calculations of Falicov!! indicate that
the Fermi surface is very complex with a hole in the
shape of a twelve-tentacled “monster” in the first and
second zone, and electron pockets penetrating in the
third and fourth zone in a number of spots including
the plane perpendicular to the [002] axis.

In spite of the oversimplification involved in assuming
a spherical Fermi surface, many of the qualitative
arguments of Jones and Goodenough are almost cer-
tainly valid.

The discussions of Jones and of Goodenough give a
particularly straightforward picture of the events be-
tween say 50 and 200 kbar. It should be kept in mind
that compression of the ¢ axis corresponds to expansion
of the {002} face of the Brillouin zone. From 20-70
kbar ¢/a is substantially constant and the resistance
decreases in a “normal” fashion. Beyond 70 kbar, a
further compression of the ¢ axis (expansion of the
[002] axis) would result in extension of the second zone
to envelop some of the Fermi surface originally in the
third zone. As Jones has shown, this would involve an
increase in energy, so the lattice distorts to prevent this

7J. B. Goodenough, Phys. Rev. 89, 282 (1953).
3J. R. Reitz and C. S. Smith, Phys. Rev. 104, 1253 (1956).
9T. R. Long and C. S. Smith, Acta Met. 5, 200 (1957).
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n L.‘Falicov, Phil. Trans. Roy. Soc. (London) A255, 55 (1962).

Fi1G. 7. Brillouin zone for hep structure with certain
symmetry points indicated.

overlap. Thus, ¢ is relatively incompressible and ¢/a
increases. Beyond 120 kbar it costs so much energetic-
ally to distort the lattice further that it is preferable to
expand the {002} face and overlap part of the pocket
of the Fermi surface back into the holes of the second
zone. This, however, reduces the number of available
conduction electrons. Accordingly, the resistance in-
creases. In the region of highest pressure the ¢ axis is
again becoming incompressible, and ¢/a is increasing,
quite possibly due to the approach of the {002} zone
boundary to another piece of the Fermi surface.

Some qualitative observations can be made concern-
ing the relationship of ¢/a ratio to Falicov’s calculated
Fermi surface. Figure 7 shows the hcp Brillouin zone
with certain symmetry points marked using the usual
nomenclature. Falicov’s calculations show electron
pockets in the third and fourth zones at T, at L, and at
K. The holes in the first and second zone overlap the
zone boundaries at H. In addition, the electron pocket
at K approaches very closely the hole in this region.
A discussion with Dr. Falicov® indicates the following
qualitative features. (1) A decrease in ¢/e will be ac-
companied by decreases in the pockets at L and T, a
shrinking of the hole at H, and an increase in size of
the pocket at K. (2) An increase in ¢/a will be accom-
panied by an increase in the pocket at L and a decrease
in the pocket at K. The increase in resistance in the
region beyond 100 kbar can be accounted for by a
decrease in total Fermi surface, quite possibly due to
overlap between holes and electron pockets at the
point K.

In essence, this last paragraph is a more specific
rephrasing of the generalizations based on Jones’ theory
in terms of the Fermi surface of Falicov.
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