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INTRODUCTION

In chemical compounds exhibiting significant covalent
bonding contributions, “lone”, i.e., non-bonding, electron pairs
can be strongly stereochemically active. Generally they are
regarded as pseudo-ligands that are able to replace one or more
of the regular ligands in a given coordination sphere. The re-
sulting stereochemical implications have been discussed in
depth (Gillespie 1967; Gillespie and Robinson 1996), and the
model derived has also been applied to extended solids (Brown
1974; Galy et al. 1975). In parallel to the strong geometric ef-
fects, the physical properties are also affected. The anisotropic
local environments of those atoms bearing a “lone-pair” in their
valence shells frequently induce the formation of acentric or
even polar crystal structures, leading to known consequences
for the dielectric properties (Avanesyan et al. 2002).

Since the structures formed are rather open, and moreover
cations with “lone-pairs” exhibit high polarizabilities, such
compounds showing lone-pair related structural features should
be highly susceptible to pressure-induced phase transitions.
Geometric and electronic structures of solids are strongly cor-
related. Thus, with transformation to a reorganized structure of
higher density one would expect significant changes in the elec-
tronic structure. Several different scenarios can be imagined:

(1) the “lone-pair” could be forced into a pure s-type state,
removing all anisotropies in the coordination sphere; (2) the
valence band, in most instances also including the non-bond-
ing electron pair, (Terpstra et al. 1997) and the conduction band
will broaden or even overlap, leading to semiconducting or
metallic behavior, respectively; (3) in mixed valence represen-
tatives the originally localized lone-pair might delocalize, mak-
ing the valence states of the respective metal ions indiscernible
(Robin and Day 1970) and producing a partially filled band at
the Fermi level, again leading to metallic behavior. The latter
situation has attracted attention recently, in the context of try-
ing to understand superconductivity observed to occur in ox-
ides containing metal ions featuring “lone-pairs” (Anderson
1975; Robaszkiewicz et al. 1987; Simon 1987, 1997; Micnas
et al. 1990). The theoretical models nourish prospects for be-
ing able to induce superconductivity in such compounds by
applying high external pressures. In the context of the above
considerations the mixed valence lead tetroxide Pb3O4 appears
to be a good candidate for probing such an approach.

Lead tetroxide, also known as “red lead” or minium (named
after the Minius River in northwest Spain) is an oxidation prod-
uct of lead minerals (mainly galenite). Although the Latin term
minium was used in general for the red pigment used in paint-
ing, the word became fixed on the lead oxide in the seven-
teenth century. It is interesting to note that the word miniature
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ABSTRACT

We report the pressure dependence of the crystal structure of lead tetroxide (p £ 41.05 GPa, T
= 298 K) using high-resolution angle-dispersive X-ray powder diffraction. Pb3O4 shows two re-
versible phase transitions in the measured pressure range. The crystal structures of the modifica-
tions identified have in common frameworks of Pb+4O6 octahedra and irregular Pb+2O4+1 respectively
Pb2+O6+1 polyhedra. At ambient conditions, Pb3O4 crystallizes in space group P42/mbc (phase I).
Between 0.11 and 0.3 GPa it exhibits a displacive second order phase transition to a structure with
space group Pbam (phase II). A second displacive phase transition occurs between 5.54 and 6.6 GPa
to another structure with space group Pbam (phase III) but halved c dimension. A non-linear com-
pression behavior over the entire pressure range is observed, which can be described by two Vinet
relations in the ranges from 0.28 to 5.54 GPa and from 6.6 to 41.05 GPa. The extrapolated bulk
moduli of the high-pressure phases were determined to be K0 = 21(2) GPa for phase II and K0 = 91(3)
GPa for phase III. The crystal structures of all phases were refined from X-ray diffraction powder
data collected at several pressures between 0.06 and 41.05 GPa. Except for their cell dimensions,
phases I and II were found to be isostructural to the corresponding phases at low temperatures,
whereas phase III can be derived from the Sr2PbO4 aristotype. With increasing pressure, the lone pair
which is localized at Pb2+ adopts increasingly pure s-character, which is reflected by the similar
coordination polyhedra of Pb2+ in Pb3O4 (phase III) and of Sr2+ in Sr2PbO4.


