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Acentric structure (P3) of bechererite, Zn7Cu(OH)13[SiO(OH)3SO4]
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ABSTRACT

The crystal structure of bechererite from the Tonopah-Belmont mine, Arizona, was rein-
vestigated using a single-crystal X-ray diffractometer (MoKa radiation) equipped with a
CCD area detector. The structure was refined in space group P3 (a 5 8.319(2), c 5
7.377(1) Å) with 1247 unique reflections up to (sinu)/l 5 0.65 leading to R1 5 2.7%,
wR2 5 6.4%. In agreement with the previously reported centric structure (P ), bechererite3̄
is composed of (001) brucite-like sheets formed by edge-sharing (Zn,Cu)O6 octahedra and
1⁄7 ordered octahedral vacancies. The layers are connected parallel to c by ditetrahedral
(Zn,Cu)2(OH)7 units. Due to the attractive force of a weak hydrogen bond, the bridging O
atom of the ditetrahedral unit is displaced from the threefold axis. A characteristic feature
of the structure is isolated tetrahedra, which connect only with one apex to the octahedral
sheet. The acentric structure (P3) reveals ordering between SiO(OH)3 and SO4 tetrahedra
yielding characteristic distortions of the neighboring (Zn,Cu)O6 octahedra caused by bond-
valence requirements of the shared O atoms. The [SiO(OH)3]12 tetrahedron is only 70(1)%
occupied and is partly substituted by tetrahedral [O4H7]12 clusters. The existence of H2O
molecules in the [O4H7]12 cluster is supported by FTIR spectroscopy.

INTRODUCTION

Bechererite was recently described (Giester and Rieck
1996) as a new secondary mineral from the dumps of the
Tonopah-Belmont mine (Arizona). The trigonal crystals
with greenish hue have a characteristic acentric habit with
the pointed top confined by {241} and {62̄1} forms
whereas the bottom is flat (00 ). In the original descrip-1̄
tion of the structure (Giester and Rieck 1996) the small
crystal size with average radii of 0.02 (perpendicular to
c) 3 0.125 mm (parallel to c) enabled only limited col-
lection of single-crystal X-ray data. Thus the structure
was solved and refined in space group P with only 2813̄
unique reflections. Although Giester and Rieck (1996)
were aware of the high probability of lower symmetry as
indicated by crystal morphology, the available data did
not allow a successful refinement in the acentric space
group P3 owing to correlation problems and insufficient
data. Their structure solution, however, indicated that the
structural topology can be described with the centro-sym-
metric space group P .3̄

Our interest in bechererite was attracted because of the
random S61-Si41 distribution in the isolated tetrahedra at-
tached to the brucite-like sheet found in the P structure.3̄
Both the S61/Si41 ratio close to one and the difference in
charge suggest ordering on separate sites. For this reason
we decided to recollect the single-crystal X-ray data with
a state of the art CCD-type area detector, which allows
more accurate reflection intensities to be measured for
small crystals.

EXPERIMENTAL METHODS

A pyramidal crystal of bechererite, 0.140 mm long and
0.037 mm wide at the base, was mounted on a three-circle
Siemens SMART system equipped with a CCD area de-
tector for data collection (full sphere of the reciprocal
space) up to (sin u)/l 5 0.65 using graphite-monochro-
mated MoKa X-radiation. Cell dimensions were not sig-
nificantly different from those reported by Giester and
Rieck (1996). Details of the data collection are summa-
rized in Table 1. Data reduction including Lorentz and
polarization corrections were performed with the program
SAINT (Siemens 1996). An empirical absorption correc-
tion based on C-scans was applied, which reduced the
internal R value from 7.1 to 3.6%. The structure was
solved in space group P and subsequently transformed3̄
to P3. Refinements were carried out on the basis of F2

using scattering curves for neutral atoms with the pro-
gram SHELXL-93 (Sheldrick 1993). Restraints for float-
ing origin parallel to c were automatically generated by
the program. First refinement cycles on 1247 unique re-
flections disclosed Si-S ordering on the isolated tetrahe-
dral sites. The SiO4 tetrahedron appeared to be only par-
tially occupied and the population was refined.
Furthermore, O3 at 0,0,½ displayed strongly anisotropic
displacement parameters within (001), thus this atom was
slightly displaced from the threefold axis and refined as
a disordered position with an isotropic displacement pa-
rameter. Finally, four H positions were extracted from
difference-Fourier maps and also refined with fixed iso-


