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The fact that compression of Group IV elements and of Groups III-V and II-VI binary compounds
forms new denser phases with six near neighbor body-centered tetragonal lattices which are metallic requires
theoretical explanation. We think of this new set of metals as being typified by the expected new metallic
phase of carbon to be obtained by compression of diamond which we call metallic diamond. It is proposed
that this new class of metals of which tin is the only present example under ordinary conditions, and which
may include a new metallic form of carbon denser than diamond called metallic diamond, can be understood
as a three-dimensional analog of the two-dimensional metal graphite. The excess number of geometrically
equivalent nearest neighbors over the four bonds possible from the available electrons and orbitals causes
crystal-wide resonance which gives the metallic properties.

I. INTRODUCTION

T is known now'~ that the compression of Group IV
elements and of the ITI-V or II-IV binary com-
pounds transforms them into metals. The phase change
is marked by a large increase in density and a rise in the
number of equivalent near neighbors from four char-
acteristic of these materials at low pressure to six in the
new phase.* The generality of this phenomenon in-
dicates that a previously unrecognized principle must
be involved, and it is the purpose of this paper to sug-
gest a general theory for this transformation.

II. THEORY

The eight electrons available for bonding in the low-
pressure tetrahedral structures just fill the four avail-
able orbitals and at the same time establish equivalent
bonds to all near neighbors. It is our theory that the
forced transformation to a more densely packed struc-
ture with more than four neighbors without any in-
crease in the number of bonding electrons or available
orbitals causes the system to become metallic.

Why should this be so? For ordinary metals, vacant
orbitals exist from which conducting bands readily form.
Can it be that this is not the only type of metallic con-
duction, or do we in making the new metals discussed
here so transform the energy levels in the compression
act itself that higher orbitals become available? An-
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other possibility is the Pauling® theory for tin (tin is the
only member of the new class of metals which is stable
under ordinary conditions). Pauling says that 1.44 of
the 4 valence electrons on the average are set aside from
the bonding function to form 0.72 nonbonding pair and
that this creates 0.72 orbital vacancy and leaves 2.56
valence electrons for bonding.

It is our suggestion that it is not necessary to have
vacant orbitals but that metallic conduction can result
purely from the resonance condition that must exist in
a structure which has more truly geometrically equiv-
lent near neighbors than there are possible bonds. Of
course, at very high compressions all matter will become
metallic®® since all electron levels are raised by com-
pression and the ionization potential thus must fall to
zero eventually, but before this occurs the new class of
resonating metals will occur because the degree of com-
pression necessary to the raising of the coordination
number above the bond number probably is less than
that for enforced ionization.

Our theory can be illustrated in many ways, but the
central point is that the condition of geometrical equiva-
lence means that the Franck-Condon principle offers no
barrier to electronic resonance with the consequence
that resonance occurs throughout the region of geomet-
rical equivalence which may be crystal wide.

Every resonating system can be thought of either in
terms of band theory or in terms of alternative dis-
positions of bonds which are equally likely. In the band
theory, for our case of four orbitals and four valence
electrons, one sees immediately that the 4V electrons of
the NV equivalent atoms in the macroscopic crystal will
lie in the bottom half of the 4V levels made by com-
bining the 4N orbitals in resonance; and the whole
question then becomes one as to whether the splitting
of the 4V levels is such as to create a gap between the
bottom and top sets of 2V levels and thus to prevent
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ready promotion to the conducting levels above the top
Fermi level in the ground state. In graphite, which is
the two-dimensional case for our system, there are one
orbital and one valence electron per atom with three
equivalent neighbors. For graphite it is clear both theo-
retically’and experimentally?1°that the two-dimensional
metallic state exists. Thus, we see that for this system,
at least, bond resonance without vacant orbitals can pro-
duce the metallic state. It is our theory that the new class
of metals discussed here is the three-dimensional analog
of the two-dimensional metal graphite. There are four
orbitals and four valence electrons with four neighbors
in the tetrahedral lattices of diamond, wurtzite, and
sphalerite which on compression transform, according
to Jamieson,® into the six-near-neighbor structure of
metallic tin. Thus four bonds have to satisfy six atoms
(the central atom contributes 4 valence electrons and
each of the surrounding 6 atoms contributes 4/6 more for
a total of 8, just adequate for four full bonds). The res-
onance state is possible because the Franck-Condon
principle has been satisfied by the location of the atoms
in equivalent positions, and, as a consequence, the full
crystal is set into three-dimensional resonance such that
the entire crystal becomes one molecule at least at the
absolute zero of temperature. At finite temperatures the
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principle of strict symmetrical equivalence for neighbors
will be violated by the lattice vibrations, and the res-
onance possibilities will be reduced because of the
Franck-Condon principle; or in band theory language
the scattering of conducting electrons will result.

The conduction act itself can be most clearly en-
visaged as the removal of an electron from the resonat-
ing molecule at one edge of the crystal at the cost of the
ionization potential, the distribution of the resultant
positive charge uniformly over the entire molecule be-
cause of the three-dimensional resonance, followed by
the neutralization by acquisition of an electron at the
opposite side of the crystal with the regaining of the
energy corresponding to the ionization potential. In the
presence of an electric field the positive charge obviously
will not be completely uniformly distributed at any
finite temperature because the relaxation time for the
molecular lattice will necessarily be the time for the
transport act in order that the charge be passed from
anode to cathode, and this limitation in rate will cause
a charge gradient to exist across the molecule. At the
absolute zero of temperature this electrical resistance
would appear to be zero.

Drickamer? and his co-workers have shown that, like
true metals, the new compressed phases absorb light
down to the lowest frequencies. This can be envisaged as
being due to the close lying states in the crystal (mol-
ecule) corresponding to charge displacement from one
end of the crystal to the other.
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The effect of an external electric field on the optical absorption associated with a direct transition between
bands is studied. Expressions are given for the absorption constant for photon energies below and above the
band gap. The formation of discrete levels in the presence of the electric field produces oscillations in the

absorption.

HE influence of an electric field on the optical

absorption of a semiconductor or insulator in the
vicinity of an absorption edge has previously been
studied by Franz! and by Keldysh.2 These authors
have shown that in the presence of a field, absorption
occurs for photon energies lower than the ordinary
band gap. This effect’has been observed experimentally
by Moss,? Williams,* Boer ef al.,’ and Vavilov and
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Britsyn.® In addition to the displacement of the edge,
one expects to find oscillatory behavior of the absorption
above the edge resulting from transitions between the
discrete ‘‘Stark” levels produced in the band system
by the external field.” This structure might be similar
to that observed in the interband magneto-optical
effect by Burstein ef al.® and by Zwerdling et al.® The
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