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Structural features in Tutton’s salts K2[M2+(H2O)6](SO4)2, with M2+ = Mg, Fe, Co, Ni, Cu, and Zn
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Abstract
The crystal chemistry of six crystals of general formula K2[M2+(H2O)6](SO4)2, with M2+ = Mg, Fe,
Co, Ni, Cu, and Zn, was investigated by single-crystal structure analysis to determine the effects of
the chemical variation of M2+ on the structural environment surrounding K, M, and S sites. Results
indicate that the distortion in the SO4 tetrahedron and the MO6 octahedron is very small, except for
CuO6 where it is pronounced because of the Jahn-Teller effect. The KO8-octacoordinate polyhedron
has the highest degree of distortion, and its idealized shape may be referred to as a bicapped trigonal
prism. The SO4 size is not affected by changes in cation occupancies at the adjacent M site. In contrast,
changes in the KO8 size, which are accompanied by changes in the bond valence sum at K, depend
on interaction with the first and second coordination sphere of M. This interaction results by changes
in M-O individual lengths, by expansion of the second coordination sphere of M, and by changes in
the distribution of the bond strengths over the O atoms coordinated to K. The MO6 size follows the
expected trend from the increased ionic radius at the M site. The latter is also correlated with the
unit-cell volume except for the Cu- and Mg-phase, which show a larger cell volume with respect to
that expected. Although the relevant octahedral distortion around the Cu2+ cation explains the volume
excess in the Cu-phase, an expansion of the second coordination sphere of Mg2+, compared to those
of cations of larger ionic radius (such as Zn and Co), explains the excess of the unit-cell volume in
the Mg-phase. As the CuO6 distortion can be caused by the Jahn-Teller effect, the higher ionicity of
the Mg atom could be the cause for its anomalous behavior observed in Tutton’s salts. This stereochemical behavior of the Mg atom seems to be consistent with the weakening of the hydrogen bonds
in the structure connected to differences in the bonding character of Mg and transition metals when
coordinated by water molecules.
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Introduction

(SO4)2, nickel-boussingaultite (NH4)2[Ni(H2O)6](SO4)2, and
mohrite (NH4)2[Fe(H2O)6](SO4)2. These sulfate minerals are
typically found as products of fumaroles and geysers (Larsen
and Shannon 1920; Garavelli 1964), on underground ore stockpiles (Yakhontova et al. 1976), tailings impoundments (Agnew
1998), in evaporite deposits (Spencer 2000), and they have
also been proposed to be present on Europa’s surface (Zoltov
and Shock 2001). In particular, evaporite deposits preserve a
wealth of information on Earth’s past surface conditions and, in
this context, sulfate minerals are geologically important phases
in understanding the hydrochemistry of ancient surface waters
(Spencer 2000). Picromerite is a phase involved in alkaline brine
systems low in Ca (Spencer 2000) and in the model regarding the
bulk primordial hydrosphere on Mars (King et al. 2004). In recent
years, picromerite has received interest in material sciences for
its optical applications (e.g., Dhandapani et al. 2006).
The aim of this paper is to carry out a crystal-chemical study
of the synthetic compounds of general formula K2[M2+(H2O)6]
(SO4)2, with M2+ = Mg, Fe, Co, Ni, Cu, and Zn (acronyms: KMgS,
KFeS, KCoS, KNiS, KCuS, and KZnS, respectively). As the Tutton’s salts represent a remarkable example of isotypic structures
extending right across the first transition series cations, they

Tutton’s salts are a group of compounds described by the
general formula A2[M2+(H2O)6](XO4)2, where A is an univalent
cation (K+, Cs+, Rb+, Tl+, etc.) or NH4+, M2+ a divalent cation
such as Mg2+, V2+, Cr2+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+,
and X = S6+ or Se6+. All compounds crystallize in the monoclinic
system, space group P21/a. Compounds with NH4 (Cotton et al.
1993), Rb (Euler et al. 2000), and Cs (Euler et al. 2003) have been
systematically characterized and, especially for the ammonium
compounds, a large number of structural data are available. In
contrast, the crystal chemistry of the K-containing series has
not been systematically investigated yet and in the case of
K2[Mg(H2O)6](SO4)2, the single-crystal structural data (Kannan
and Viswamitra 1965) are not of adequate quality.
In nature, only a limited number of minerals corresponding to the formula A2[M2+(H2O)6](SO4)2 have been found and,
according to the Strunz classification, they are grouped under
the picromerite group: picromerite K2[Mg(H2O)6](SO4)2, cyanochroite K2[Cu(H2O)6](SO4)2, boussingaultite (NH4)2[Mg(H2O)6]
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