Crystal chemistry of minerals in the system Fe2O3-SO3-H2O
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We are investigating the crystal structures and crystal chemistry of the iron sulfate minerals in the system Fe2O3-SO3-H2O. These phases are jarosite, copiapite, kornelite, lausenite, rhomboclase, and a synthetic phase (H3O)Fe(SO4)2. Although most of these minerals are considered to be ‘well known’, they are surprisingly rich in subtle variations of their crystal structures and comprise hydrogen atoms in many positions.

We have investigated jarosite ((K,Na,H3O)Fe3(SO4)2(OH)6) by X-ray diffraction (XRD) and nuclear magnetic resonance (NMR) techniques. When stoichiometric, the positions of hydrogen can be well described by the XRD data. If not stoichiometric, hydrogen becomes mobile and occupies statically disordered positions around vacant sites. Our low-temperature heat capacity and quasi-elastic neutron scattering data suggest that the mobility of hydrogen atoms persists down to very low temperatures (< 1 K).

The crystal structures of copiapite ((Mg,Fe2+,Fe3+,Al,Zn)Fe4(SO4)6(OH)2(H2O)20) display variations in the orientations of individual structural units. The ‘substructures’ within the copiapite group are probably the reason for the long-standing confusion in this mineral group. In addition, we have also determined the position of light atoms (D, H) by neutron diffraction and augmented these experiments by ab-initio calculations. The structure of copiapite contains an intricate web of hydrogen bonds that may re-orient as the function of the overall composition.

The crystal structures of kornelite (Fe2(SO4)3(H2O)7.25) and lausenite (Fe2(SO4)3(H2O)5-6?) are closely related. We have solved the structure of lausenite from synchrotron powder XRD data and showed that both structures consist of corrugated polyhedral layers. Variation of the water content in the environment may then dictate the topology of these layers and the occupancy of the H2O sites.

We have also solved the crystal structure of (H3O)Fe(SO4)2 from synchrotron powder XRD data. The structure is a triclinic derivative of (H3O)Al(SO4)2 and belongs to a large group of layered compounds with a general formula AB(TO4)2. Ab-initio calculations show that the interlayer portion of this structure should contain the H3O+ ions and these ions are most likely in motion.

