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Two papers1·2 published in 1968 and 1972 did much
to determine the direction taken by the vanguard of
research in the modern physics of high pressures.

In the first paper, N. Ashcroft pointed out the pos-
sible metastable existence of metallic hydrogen at at-
mospheric pressure and estimated its superconductive-
transition temperature. The result of this estimate was
quite encouraging: it was found that the temperature of
the superconductive transition in the hypothetical met-
allic hydrogen should be of the order of 100-300 °K.

In the second paper cited, a group of authors (R. For-
man, G. Piermarini, J. Barnett, and S. Block) des-
cribed their experiments with miniature diamond an-
vils. Placing a small fragment of ruby between dia-
mond anvils, they observed that its R luminescence
line shifted appreciably as the pressure was increased.
This opened the way to measurement of the pressure in
diamond anvils and led to widespread use of this method
(for details, see the translation of Block and Pierma-
rini's paper in this issue).

The prospects for producing and investigating metal-
lic hydrogen were so attractive3·4 that three experi-
mental groups stated their intent to proceed with the
corresponding experiments3 soon after Ashcroft's paper
appeared.

The experimental group at Lawrence Radiation Lab-
oratory at Livermore, California planned to use a mag-
netic-explosion technique, while the other two [Cornell
University and the USSR Academy of Sciences Institute
of the Physics of High Pressures (IPHP)] proposed a
static-pressure technique. Since the expected pressure
at the transition of hydrogen to the metallic state was
expected on the basis of various calculations (see, for
example, Ref. 5) to be at least 1 megabar, the range
of experimentally attainable pressures would have to
be extended upward by almost an order of magnitude.1'

We note that before the "hydrogen boom" began, N.
Kawai's experimental group at the University of Osaka
(Japan) reported the production of static pressures
above one megabar in a two-stage multiram setup.6·7

However, only a few people took these results quite
seriously.

In 1970, L. F. Vereshchagin et al.B reported that they
had attained pressures in excess of one megabar by

pressing a truncated synthetic-carbonado cone2' into
the surface of a plate made from the same material.
The maximum pressure was determined by measuring
the area of the impression left by the conical indentor
on the surface of the plate and the pressure that had
been applied to the indentor.

Subsequently, the IPHP group reported observation
of a matallic transition in such substances as diamond,
silica SiO2, aluminum oxide A12O3, magnesium oxide
MgO, water H2O, and hydrogen H2.

9"14 The experiments
to metallize these substances were performed with a
modified indentor whose conical vertex was rounded
off. A flat spot does, of course, form at the point of
contact when the load is applied to the indentor, but its
dimensions are functions of the load and various other
factors, and this makes determination of the pressure
difficult. The phase transitions were registered by
measuring the resistance of a thin layer of material
between the indentor and the plate. This was made
easier by the fact that synthetic carbonado is made con-
ductive by the presence of metallic-catalyst particles.
This made it possible to use the indentor and the plate
as electrical probes.

Unfortunately, the authors of Refs. 9-14 were unable
to arrive at any halfway definite estimate of the pres-
sure at which the observed transformations occurred,
noting only that diamond and hydrogen are metallized
at pressures somewhat in the vicinity of one megabar.
However, in a study of the electrical resistance of a
mixture of substances, the IPHP group was able to
establish a sequence of transitions. Yakovel et al.1*
reported that the metallic-state transition pressures
increase from left to right in the following series of
substances:

GaP < NaCl < A12O3 < BN < C < SiO2 < MgO.

Almost simultaneously with the IPHP group, N.
Kawai et al.15'19 reported metallization of silica SiO2,
hydrogen H2, water H2O, and magnesium oxide MgO.
This group used a multiram two-stage machine that
does not contain diamond components and was developed
by Kawai himself.

Kawai et al. give the following estimates for the met-
allization pressures in the above substances:

SiO2, H2 — 2.5 + 0.5 megabar H2O — 3.2 + 0.7 megabar
MgO - 3.4 ± 0.8 megabar.

^Abrikosov28 made the first calculations of the parameters of
the metallic transition of hydrogen in the USSR. 2>An opaque fine-grained diamond aggregate.
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We draw attention to the fact that the sequence of con-
versions observed by Kawai et al. agrees with the ob-
servations of the IPHP group.

Here it must be stressed that SiO2 and MgO are
among the most abundant compounds on Earth, and if
indications that these compounds go over to the metal-
lic state at pressures of the order of 1 megabar are
confirmed, serveral geophysical concepts will have
to be modified.

Diamond-anvil techniques have also been developed
significantly in recent years. N. Mao and P. Bell of
the Carnegie Institution Geophysics Laboratory were
able to produce a pressure of 1 megabar20 by using
modified anvils and to investigate the equations of state
of several metals and geophysically interesting mat-
erials by x-ray diffraction.21·22 Quite recently, Mao
and Bell reported reaching a pressure of 1.7 mega-
bars. 2 3 To determine the pressure, they used a ruby
sensor whose scale had been calibrated against the
equations of state of the metals, which equations were
obtained with the aid of shock waves. We point out that
the 1.7-megabar pressure obtained by Mao and Bell
exceeds the pressure at the boundary of the Earth's
core (1.4 megabars) and, taking into account the
possibilities for physical research by diamond anvils,
we may soon expect solutions to a number of intriguing
problems.

A. Ruoff's group (Cornell University) is now prepar-
ing apparatus for an attack on the hydrogen problem.

J. Wanagel andA.L.Ruoff have built a spherical six-ram
machine with hard-alloy anvils; they eventually hope
to replace the latter with diamond anvils.24 The pres-
sures developed in the hard-alloy version of their
machine do not exceed 450 kilobars. Ruoff recently
advised this author that a metallic transition of solid
xenon had been observed in his laboratory at a pressure
of 350 kilobars and a temperature of 32 °K. In these
experiments, Ruoff used a chamber with a diamond
indentor quite similar to the apparatus used by Vere-
shchagin et al.s The diagnostic procedure was limited
to measurement of the specimen's electrical resis-
tance.

Detailed study of the transition in xenon, which can
be brought about quite easily, for example with diamond
anvils, will presumably yield much valuable informa-
tion on the nature of the metal-dielectric transition.

The last paper that we shall discuss here was pub-
lished by a group headed by P. Hawke25 at the Lawrence
Radiation Laboratory and reported on measurements of
the electrical resistance of hydrogen under isentropic
compression brought about by a magnetic-explosion
procedure3 It was observed that hydrogen becomes
a good conductor at a pressure of ~2 megabars and a
density of 1.06 g/cm3, without the temperature exceed-
ing 400CK. Compression of neon under the same con-
ditions did not increase the conductivity in the pressure
range up to 5 megabars (the expected pressure of met-
allic neon exceeds 10 megabars).

3)See also the papers by Soviet authors29·30 in this context.

We note that the pressure of the metallic transition
of hydrogen reported in this study agrees with Kawai's
estimate.

We note in conclusion that although they are open to
criticism, the studies made at Moscow and Osaka of
the metallization of hydrogen under static conditions
nevertheless generally agree well with one another and
with the results of isentropic compression and theoret-
ical estimates regarding the transition pressure. As
for the metallization of close-packed oxides such as
MgO and A12O3, the metallization pressures given for
these compounds in the papers cited appear to be too
low. D. Liberman concludes from band-structure cal-
culations made for MgO that the pressure of its trans-
ition to the metallic state should be about 50 mega-
bars. 2 6 It has also been put forth that the sharp de-
crease in resistance on compression of the oxides is
due to their decomposition.27 •

A certain contradiction must also be pointed out. Ac-
cording to IPHP data, the pressure of the transition
of A12O3 to the metallic state is below 1 megabar,
while ruby serves as a pressure sensor up to 1.7 meg-
abars in Mao and Bell's diamond anvils23 and the alu-
minum-oxide components used in Hawke et al.'s mag-
netic-explosion device remain nonconductive up to 5
megabars.

Still, the results of recent years are cause for de-
finite optimism. It is quite clear that physics has en-
tered into a new and unexplored range of pressures.

The specific results obtained thus far are interesting,
but the authors of the various papers should not be con-
gratulated until the proofs are more complete.
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