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Abstract
The ordering of octahedral Al , Fe , and Mg2+ cations in dioctahedral 2:1 phyllosilicates was
studied theoretically. Quantum mechanical calculations based on density functional theory (DFT)
were performed for optimizing different cation distributions along the octahedral sheet. Three systems of two species (Al3+/Mg2+, Al3+/Fe3+, and Fe3+/Mg2+) were studied to obtain the cation exchange
potentials Jn as first, second, third, and fourth nearest neighbors. Monte Carlo (MC) simulations based
on the previously calculated cation exchange potentials Jn of these binary systems showed ordering
phase transition in the distribution of the octahedral cations, with different ordering patterns. Ordered
phases are depending on composition and on third and fourth neighbor range interactions. The effect
of hydrostatic pressure can affect the cation ordering of the octahedral sheet. The two-species model
was extended to a three-species ordering MC simulation model. In our case, we do not find perfect
long-range ordering in the three-species systems. Instead we find some domains with different ordering patterns.
Keywords: Smectites, cation ordering, Monte Carlo, first-principles calculations
3+

3+

Introduction
Clay minerals are mainly formed by a variable series of phyllosilicates with layered structures containing different types of
sheets and compositions. There are two structurally different
sheets: (1) tetrahedral sheet (T) often formed by tetrahedra of
SiO4 and (2) octahedral sheet (Oct) often formed by aluminum
or magnesium oxy-hydroxydes octahedra that share one oxygen
atom with each tetrahedron. In the 2:1 phyllosilicate series, the
T and Oct sheets form a T-Oct-T layer and an interlayer space
occurs between adjacent layers. Either Si in T or Al in Oct can
be substituted by different cations (mainly Al3+ in T and Fe3+ and
Mg2+ in Oct). These possible cation substitutions and different
concentrations generate a large variety of compositions and a
very rich mineralogical series. These substitutions affect the
crystal growth and are responsible of the small particle size of
these minerals (Meunier 2006). Isomorphic substitution of Al3+
by Mg2+ in Oct sheet or Si4+ by Al3+ in T sheet results in a negative net charge that is balanced by the presence of cations in the
interlayer space. Clay minerals find wide use in industrial and
environmental applications. A firm theoretical understanding of
their structure and properties is therefore needed.
Cation distribution is interesting in many minerals and other
materials because it is related to stability and crystal growth
of these materials. Cation ordering in minerals also contains
information about the kinetics of the crystal growth or mineral
dissolution, which in turn bears petrological and geochemical
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implications. However, the cation distribution is not always easily
determined experimentally, hence more effort has to be done in
the theoretical understanding of cation ordering to assist in the
interpretation of experimental data. This aspect is even more
important in clay minerals because they have many possible
cation substitutions. However, the small crystal domains and
the high level of disorder in these minerals make experimental
determination of cation ordering even more difficult. Detailed
experimental work, both experimentally and theoretically, has
been done on micas (Herrero et al. 1991; Palin et al. 2001).
These studies found a high dispersion of IVAl in the tetrahedral
sheet, which agrees with the Loewenstein rule of Al pair avoidance (Herrero and Sanz 1991; Palin et al. 2001). The cation
distribution for the octahedral sheet of phyllosilicates has also
been studied previously and found some discrepancies. A nonrandom distribution of cations is shown in the octahedral sheet of
celadonites, where the Al3+ and Fe3+ tend to segregate from each
other (Besson et al. 1987). Drits et al. (1997) studied the cation
distribution in celadonites, glauconites, and Fe-illites by infrared
(IR), Mössbauer, and extended X-ray absorption fine structure
(EXAFS) spectroscopies along with simulations by probabilistic
methods. They found a certain degree of short-range ordering.
Schroeder (1993) found, by means of 27Al nuclear magnetic
resonance (NMR) that Fe mixes with Al in illite-smectite (I-S)
in shales with low-Fe content, but that Fe segregates from Al
in Fe-rich specimens. In some synthesized smectites, Grauby
et al. (1991) found that Al3+ and Fe3+ tend to mix rather than to
segregate. On the contrary, Muller et al. (1997) observed that Mg

