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INTRODUCTION

The clays represent one of the largest groups of minerals in 
sediments. The diversity of dioctahedral 2:1 phyllosilicates is 
related, in part, to isomorphous cation substitution of Al3+ by Fe3+ 
and Mg2+ in the octahedral sheet, and Si4+ by Al3+ in the tetrahe-
dral sheet (e.g., illite, beidellite, montmorillonite, nontronite). 
These cation substitutions may create order-disorder phenom-
ena in the crystal structure of these minerals. In addition, these 
phyllosilicates are structurally similar and stacking sequences 
of component layers may also be ordered or disordered. The 
various structural disorders and the small particle size of the 
crystals in clays make it difÞ cult to obtain precise experimental 
structural data by diffraction techniques, especially for smectite 
group species and for illites. Thus, the atomic positions in the 
crystal structures of these minerals have not been reported from 
experimental data, but they have been extrapolated (Tsipursky 
and Drits 1984) from the crystal structures of pyrophyllite (Lee 
and Guggenheim 1981) and muscovite (Guggenheim et al. 1987). 
The important adsorptive properties of clays and their environ-
mental applications demand a Þ rm theoretical understanding of 
their structure and behavior.

The cations of the octahedral sheet are coordinated by six 
O atoms, two of which involve hydroxyl groups. Most of the 
properties of these OH groups depend on the nature of the cations 
bonded to them. The study of the structure and properties of these 

hydroxyl groups is interesting, because they can play a major 
role in the crystallographic and physical-chemical properties of 
these minerals and in their stability and interactions with water, 
other molecules, and cations. 

Some experimental crystallographic features and the thermal 
behavior of dioctahedral phyllosilicates could not previously be 
explained with an idealized model of the crystal structure and 
thus additional considerations were needed to understand the 
crystal structure. In dioctahedral phyllosilicates, one of the three 
octahedral positions per asymmetric unit is not occupied by a 
cation, but instead is a vacant site. Two kinds of conÞ gurations 
exist depending on the disposition of the hydroxyl groups in the 
octahedral sheet with respect to a vacancy. These OH groups can 
be on the same side (conÞ guration cis-vacant) or on opposite 
sides (trans-vacant) with respect to the vacant octahedral site 
(Fig. 1). The 2:1 layer has a center of symmetry in the trans-va-
cant conÞ guration but not in the cis-vacant conÞ guration (Tsi-
pursky and Drits 1984). These conÞ gurations are not present in 
the same octahedral sheet, but they may occur in different layers. 
Hence trans-vacant and cis-vacant forms are polymorphs of these 
dioctahedral clays. The cis-vacant/trans-vacant proportion can 
be determined in illite/smectite (I/S) interstratiÞ cations by X-ray 
diffraction and thermal analysis, but only with a semi-quantitative 
accuracy (Drits et al. 1998). The cis-vacant conÞ guration dehy-
droxylates at a higher temperature compared to the trans-vacant 
conÞ guration. However, this does not mean that the cis-vacant 
conÞ guration is more stable than the trans-vacant conÞ guration, 
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ABSTRACT

Trans-vacant and cis-vacant polymorphs of smectites and illites were distinguished by studying 
different cation substitutions in octahedral and tetrahedral sheets and in the interlayer. The standard 
Kohn-Sham self-consistent density functional method was used in the generalized gradient approxi-
mation (GGA) with numerical atomic orbitals as the basis set. The calculations reproduce the differ-
ences in the lattice parameters between the cis-vacant and trans-vacant conÞ gurations as observed 
from experimental studies of phyllosilicates. This theoretical approach is a useful tool for predicting 
crystallographic properties that must be calculated for smectites and illites because they cannot be 
determined experimentally in these clay minerals, especially the cis-vacant and trans-vacant conÞ gura-
tions. The effect of cation substitutions in the octahedral and tetrahedral sheets on various structural 
features is also presented. The calculated effects are consistent with experimental results. The energy 
differences between the cis-vacant and trans-vacant polymorphs for a given composition are lower than 
the energy changes produced by the relative cation distributions in the octahedral sheet. Nevertheless, 
in the most illitic samples the trans-vacant arrangement is more stable than the cis-vacant form, in 
accord with experimental studies.


