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ABSTRACT
The geometrical features and electronic structure of molecular cluster models of two edge-sharing octahedrally coordinated cations, with and without a ring of six silica tetrahedra coupled to the
two octahedra, were studied by means of ab initio molecular orbital calculations made with HartreeFock (at LANL2DZ and 6-311+G* levels) and Density Functional Theory (DFT) methods. These
models represent different pairs of Al3+, Fe3+, Fe2+, and Mg2+ cations from the octahedral sheet of
clays. The isomorphic substitution reactions of these cations in our molecular clusters were studied
by means of isodesmic reactions. A tendency of Mg2+ to mix with Al3+ cations along the octahedral
sheet was found, agrees with experimental results. A lower tendency of Fe3+ to mix with Al3+ was
found in systems with only Al and Fe octahedral cations. However, the presence of Mg2+ catalyses
the clustering of Fe3+ in Al/Fe/Mg samples, giving a cation ordering tendency similar to that found
experimentally. The geometry and the hydrogen-bonding interactions of the OH groups were also
studied. The n(OH), d(OH), and g(OH) vibration mode frequencies were calculated and show good
agreement with experimental values for n(OH) and d(OH), which suggests that this technique is a
good predictive tool for g(OH). The octahedral cation substitution effect on the vibrations of OH
groups was calculated and reproduced the experimental behavior. The hydrogen-bonding interactions with tetrahedral O atoms are important for the n(OH) frequency, but are not significant for
d(OH). These results show that the effect of the tetrahedral sheet on the OH groups is constant for the
different cation pairs joined to these OH groups.

INTRODUCTION
Clay minerals are among the most abundant minerals in sediments, soils, and weathering environments. Some 40% of the
minerals in sediments are clays. They have a layer structure in
which two SiO4 tetrahedral sheets sandwich a sheet of octahedrally coordinated cations (mainly Al3+). These minerals form
a great diversity of compounds because of their capacity for
isomorphous substitutions of various cations in the octahedral
and tetrahedral sheets, which result in different properties for
the interlayer space. In dioctahedral clays, isomorphous substitution of Al3+ by Mg2+, Fe3+, or Fe2+ in the octahedral sheet
and Si4+ by Al3+ in the tetrahedral sheet can result in a negative
charge, which is compensated for by additional cations in the
interlayer space (Güven 1988). In this space the cations can be
exchanged with other cations or molecules. The theoretical
study of their structure and properties can be useful to understand their properties, behavior in mineral transformations, and
applications.
Cations of the octahedral sheet are coordinated with six O
atoms, two of them being part of hydroxyl groups. These octahedral cations can play a significant role in sorption and disso* E-mail: sainz@eez.csic.es
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lution phenomena in many minerals. Most of the properties of
these OH groups will depend on the nature of the cations joined
to them, especially vibration spectroscopic properties. The Hatom positions in the crystal lattice of clay minerals are especially difficult to locate experimentally by standard X-ray
diffraction techniques. However, neutron diffraction of highquality mica crystals has produced some interesting results
(Catti et al. 1994). Electrostatic calculations (Giese 1979) and
IR studies of micas (Vedder 1964) have suggested that the orientation of the hydroxyl groups is sensitive to the structure of
the octahedral sheet. The study of the structure and properties
of the hydroxyl groups in clays is interesting, because they can
play a major role in the catalytic activity of these minerals in
their interaction with water, other molecules, and cations. The
OH groups can have varying effects on the reactivity of the
mineral surface; some models of the surface groups present on
these minerals have been used to explain adsorption reactions
of mineral surfaces in soils and sediment, and to explain dissolution reactions (Schindler and Stumm 1987).
The interlayer space and cation distribution in the tetrahedral sheet of clays were studied previously (Herrero and Sanz
1991); lately the properties of the octahedral sheet have received a great deal of attention and have been used to characterize order/disorder phenomena in the octahedral layers
(Cuadros et al. 1999) that are important in some natural trans-
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