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INTRODUCTION

The stottite group of minerals have structures comprising a
framework of corner-linked octahedra in which all O atoms
are protonated as hydroxyl groups. Nearly all stottite-group
minerals, including burtite [CaSn(OH)6], schoenfliesite
[MgSn(OH)6], wickmanite [MnSn(OH)6], and natanite
[FeSn(OH)6], are cubic and belong to space group Pn3– or Pn3m
(Moore and Smith 1967; Cohen-Addad 1968; Faust and Schaller
1971; Sonnet 1981; Basciano et al. 1998). However, stottite
FeGe(OH)6 and jeanbandyite Fe3+

1–x■xSn1–y■y(OH)6 are tetrago-
nal and belong to space group P42/n (Ross II et al. 1988; Kampf
1982). The aristotype structures related to these cubic and tet-
ragonal structures have space groups Im3– [e.g., Sc(OH)3,
Ga(OH)3, In(OH)3] and I4/mmm, respectively (O’Keeffe and
Hyde 1977). Lowering of the space-group symmetries from
those of the aristotypes arises from the ordering of the M2+ and
M4+ octahedra in the framework so that they alternate with one
another.

Strunz and Giglio (1961) performed the first single-crystal
X-ray diffraction structure determination of stottite, which largely
confirmed the original structure proposed by Zemann (1959).
More recently, Ross II et al. (1988) refined the structure of stottite
from three-dimensional single-crystal X-ray diffraction data and
found a significant change in the location of O3 and an apparent
lowering of symmetry from P42/ncm to P42/n, Z = 4. The struc-

ture consists of alternating Fe(OH)6 and Ge(OH)6 octahedra in
a three-dimensional, corner-sharing framework (Fig. 1). In
terms of the Glazer notation for octahedral-tilt systems in
perovskites (Glazer 1972), stottite corresponds to a a+a+c– tilt
scheme with reversed senses of rotation of octahedra in alter-
nate layers along [001] (Fig. 1). The average Fe-O distance is
2.l59 Å, whereas the average Ge-O distance is 1.910 Å, in good
agreement with interatomic distances determined by EXAFS
(Bernstein and Waychunas 1987). The hydrogen positions in
stottite are not yet determined, but they are expected to form
across the short O-O distances ranging from 2.70 to 2.94 Å (Ross
II et al. 1988).

The present study was undertaken as part of a wider project
investigating the systematics of composition, hydrogen bond-
ing, and compressibilities in protonated octahedral frameworks.
Unlike perovskites, the cavity is empty, and so the effect of the
absence of a non-framework cation upon physical properties
can be studied. These minerals, with their extensive hydrogen
bonding, also provide an excellent opportunity to study the ef-
fects of hydrogen bonding upon macroscopic properties such
as compressibility. Here we report the first equation of state
for stottite.

EXPERIMENTAL METHODS

The sample is from the germanium-rich horizon at Tsumeb,
Namibia and was kindly donated by W. Pinch of Pittsford, New
York State. The unit-cell parameters determined in this study,
a = 7.55041(9) Å, c = 7.4664(4) Å, show excellent agreement* E-mail: nross@vt.edu
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ABSTRACT

The evolution of the unit-cell parameters of stottite [FeGe(OH)6], a compound with a tetrago-
nal octahedral framework related to the perovskite structure, has been determined to a maximum
pressure of 7.8 GPa by single-crystal X-ray diffraction at room temperature. Stottite does not
exhibit any phase transitions in this pressure range. A fit of a third-order Birch-Murnaghan equa-
tion of state to the pressure-volume data yields values of V0 = 425.67(2) Å3, KT0 = 78.4(3) GPa and
K0' = 6.18(10). Analysis of the unit-cell parameter data shows that c is approximately 10% more
compressible a. Compressional moduli for the axes are Ka0 = 81.3(3) GPa and K'a0 = 6.4(1), Kc0 =
73.3(6) GPa and K'c0 = 5.7(2). We relate these axial compressibilities to the structure of stottite,
which, unlike related cubic protonated octahedral frameworks such as burtite [CaSn(OH)6], is ex-
pected to have a highly anisotropic hydrogen-bonding topology: a high degree of hydrogen-bonded
connectivity parallel to (001) and very little parallel to [001]. Enhanced hydrogen bonding within
the (001) plane may stiffen the structure along <100>. We also make some provisional comparisons
with structural and elasticity data for perovskites and show that the absence of a central, non-frame-
work cation in the stottite structure allows octahedral tilts in excess of 40∞. The stottite structure is
much softer than any known oxide perovskite. The relative importance of an empty cavity site vs.
the role of hydrogen bonding is likely to be a major issue in understanding the compressional behav-
ior of protonated octahedral frameworks.


