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INTRODUCTION

Metal sulfates are commonly occurring minerals in mine 
drainage systems and are also found within the alteration zone 
of primary sulÞ des. Among others, chalcantite CuSO4·5H2O is 
well known as weathering product of Cu-bearing sulÞ de min-
erals. The mineral crystallizes in the triclinic space group P�1 
(Bacon and Titterton 1975) and is stable in a relative humidity 
range from 33 to 97% at 25 °C (Collins and Menzies 1936). 
In the laboratory large crystals can easily be synthesized from 
aqueous solution by evaporation of the solvent. Chalcantite is 
classiÞ ed as a sulfate mineral with chains of SO4 tetrahedra 
and MO6 octahedra (Hawthorne et al. 2000). The hepta-hy-
drate bieberite, CoSO4·7H2O is monoclinic, with space group 
P21/c (Kellerson et al. 1991). It is isostructural with melanterite 
FeSO4·7H2O (Baur 1964a), alpersite (Mg,Cu)SO4·7H2O (Peter-
son et al. 2006), and mallardite MnSO4·7H2O. Zinc-melanterite 
ZnSO4·7H2O and boothite CuSO4·7H2O are also regarded to be 
isostructural with melanterite (Leverett et al. 2004; Hawthorne 
et al. 2000), however their 3-dimensional structure�as well as 
the one of mallardite itself�is not yet determined. The hepta-hy-

drates epsomite MgSO4·7H2O (Baur 1964b; Calleri et al. 1984), 
morenosite NiSO4·7H2O (Iskhakova et al. 1991) and goslarite 
ZnSO4·7H2O are orthorhombic and represent a second possible 
structure type within the hepta-hydrate sulfate minerals. Bieberite 
is usually described as a synthetic material because the natural 
mineral occurs very rarely as a secondary alteration product e.g., 
in Co-mines. Stereo-chemically bieberite belongs to the sulfate 
minerals with isolated SO4 tetrahedra and Co(H2O)6 octahedra 
(Hawthorne et al. 2000). It is only stable at high humidity condi-
tions and decomposes rapidly when being exposed to ambient 
conditions (e.g., 25 °C, humidity below 70%, Waller 1992) under 
which it transforms to CoSO4·6H2O (moorhouseite).

While the basic features of the bieberite structure are known 
(Kellerson et al. 1991), there is no information on the solubil-
ity of metal cations replacing Co2+ along binary solid-solution 
series. The aim of the present investigation is (1) to study the 
possible amount of Co2+ that can be replaced by Cu2+ along the 
join bieberite�CuSO4·nH2O (n = 5, 7), (2) follow in detail changes 
in structural and distortional parameters, and (3) to examine 
possible cationic ordering of Co and Cu on the two crystal-
lographically distinct transition metal sites. In the very recent 
study of Peterson et al. (2006) on alpersite (Mg,Cu)SO4·7H2O 
it was found that Cu2+ prefers the M2 site. Optical absorption * E-mail: guenther.redhammer@sbg.ac.at
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ABSTRACT

Single crystals of Cu-substituted bieberite (Co1�xCux)SO4·7 H2O have been synthesized from aque-
ous solution by the evaporation method. It is shown that the solubility of Cu2+ in bieberite is limited 
to 0.46 atoms per formula unit (apfu). Chalcantite CuSO4·5H2O only accommodates a very small 
amount of ~0.03 Co2+ atoms. Structure analysis by X-ray diffraction of single crystals along the join 
CoSO4·7H2O�CuSO4·5H2O showed that the hepta-hydrate phases are monoclinic with P21/c symmetry 
at room temperature, whereas the penta-hydrate phases are triclinic, P1. Within the Co1�xCuxSO4·7H2O 
series (0 ≤ x ≤ 0.46), lattice parameters are distinctly altered by the Cu2+ substitution, however, the 
observed changes cannot be ascribed to different ionic radii of Co2+ and Cu2+ but are due to an increas-
ing distortion of the lattice by increasing Cu2+ content. Cu2+ is not distributed randomly over the two 
possible crystallographic metal sites but exclusively enters the M2 site. While all the oxygen atoms 
coordinating the M1 site act as donors of hydrogen bonding to the sulfate tetrahedron, one oxygen 
atom at the M2 site is a hydrogen bond acceptor. This may cause the slight tetragonal elongation of 
the M2 coordination polyhedron, which favors the preferential occupation of this site by Cu2+. Optical 
spectra show typical features of both the Co2+ and the Cu2+ absorption signatures. While in Co2+-rich 
hepta-hydrate phases Co2+ absorption bands arising from both M1 and M2 sites are detected, there 
are only bands arising from the M1 site in Co0.54Cu0.46SO4·7H2O. This supports the observation of 
selective substitution of Cu2+ at the elongated M2 octahedral site. Cu2+ absorption bands can be as-
signed on the basis of D4h symmetry with increasing splitting of the Cu2+, 2T2g, and 2Eg energy levels 
with increasing Cu2+ content.
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