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abstRact

Density functional theory (DFT) calculations were performed to study the crystallographic proper-
ties of the cis-vacant form of dioctahedral 2:1 phyllosilicates. Samples with different layer charges are 
studied; only tetrahedrally charged, only octahedrally charged, or mixed octahedrally/tetrahedrally 
charged. The isomorphous cation substitutions were explored in different relative positions with 
substitutions of octahedral Al3+ by Mg2+ or Fe3+, tetrahedral substitution of Si4+ by Al3+, and different 
interlayer cations (IC) (Na+, K+, and Ca2+). X-ray diffraction patterns of cis-vacant and trans-vacant 
forms of phyllosilicates were simulated and compared. The experimental observation of clustering 
tendency of Fe3+ and dispersion tendency of Mg2+ in the octahedral sheet is reproduced and explained 
with reference to the relative energies of the octahedral cation arrangements observing the same ten-
dency that in the trans-vacant forms. These energies are higher than those due to the IC/tetrahedral 
and IC/octahedral cations relative arrangements. The tetrahedral and octahedral substitutions that 
generate charged layers tend also to be dispersed. The energy difference between the cis-vacant and 
trans-vacant polymorphs is smaller than that of cation arrangements.
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intRoduction

Phyllosilicates are part of clay minerals, being one of the main 
components of the Earth’s crust in soils and rocks. These miner-
als have also several technological uses as materials in catalytic 
chemistry and green technologies (adsorption of pollutants and 
treatment of industrial wastewaters). Besides, the adsorption and 
catalytic properties of these minerals make clays being consid-
ered for the origin of live on Earth and prebiotic reactions under 
hydrothermal conditions on sea-floors (Bernal 1949; Swadling et 
al. 2010). On the other hand, clay minerals have been detected 
in carbonaceous chondrites of meteorites (Tagish Lake) (Herd 
et al. 2011), comets, asteroids, Mars (Mustard et al. 2008), and 
some satellites of the Solar System (Hibbitts and Szanyi 2007; 
Lebofsky et al. 1982; Rubin 1997). The distribution of these 
minerals in the asteroid belt can provide some clues to explain 
the conditions from which the Solar System was originated.

The 2:1 phyllosilicates have a layered structure and consist 
of an octahedral (Oct) sheet sandwiched between two tetrahedral 
(T) sheets. The T sheet is formed by tetrahedra of SiO4 and the 
Oct sheet is formed by octahedra of Al oxides. The T sheets 
are always bonded to Oct sheets through oxygen atoms. The 
Oct sheet has unshared oxygen atoms forming OH groups. On 
the other hand, in dioctahedral phyllosilicates, one out of three 
octahedral positions is not occupied by cations, forming a vacant 
site. The OH groups determine two kinds of crystal forms de-
pending on their disposition in the vacant site of the octahedral 
sheet, i.e., when the OH groups can be on the same side (cis-

vacant, cv) or on opposite sides (trans-vacant, tv) of the vacant 
site (Fig. 1). These cis-vacant/trans-vacant configurations were 
first reported by Méring and Oberlin (1971) in montmorrillonite. 
Drits et al. (1984) were the first to distinguish the reflections of 
each configuration and to deduce the crystal structure of a cv 
illite model. However, Drits and Zviagina (2009) noted that in 
the powder XRD patterns of trans-vacant 3T (3T-tv) and 1M-cv 
mica polymorphs, the hkl reflections had similar intensities and 
very close positions which makes them difficult to distinguish 
especially for interstratificates of cv and tv layers. Tsipursky and 
Drits (1984) revealed semi-quantitatively the cv/tv proportions 
of several dioctahedral 2:1 phyllosilicates, finding a higher cv 
proportion in montmorillonites than in nontronites and beidel-
lites. The cv polymorph shows a different reactivity compared 
to the tv polymorph in the dehydroxylation reaction. The cv/tv 
proportion can be estimated in illites and smectites by X-ray 
diffraction and thermal analysis (Drits et al. 1998). In smectites, 
the octahedral sheet tends to be cv, whereas illites have mainly 
a tv configuration (Cuadros 2002); however, there is no linear 
relationship between the cv/tv ratio and smectite/illite proportion 
and some experimental discrepancies have been reported (Drits 
et al. 2006). For example, Tsipursky and Drits (1984) found that 
montmorillonite and Al-rich smectites are mainly cv, whereas 
McCarty and Reynolds (1995) discovered that the proportion 
of cv layers increased with tetrahedral Al content. Drits (2003) 
indicated that the cv/tv proportion is related to the formation 
mechanism of these phyllosilicates. Drits et al. (1998) proposed 
that illite-smectite interstratificates (I-S) formed from volcanic 
material contains a significant amount of cv layers, whereas I-S 
generated from weathered illitic material consists of tv 2:1 layers, * E-mail: ignacio.sainz@iact.ugr-csic.es


