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INTRODUCTION

In comparison with the usual determination of crystal struc-
tures, where the problems include determination of the space
group and determination of the positions and nature of the at-
oms in the unit cell, the structural determination of lamellar
materials is rather different because the nature and structure of
the layers involved are roughly known, and the problem is
mainly the determination of the stacking parameters of these
layers. For example, phyllosilicates consist of stacked layers
that are either 1:1 layers (layers composed of a tetrahedral sheet
where Si is the cation, associated with an octahedral sheet con-
taining Al or Mg cations), or 2:1 layers (where the octahedral
sheet is sandwiched between two tetrahedral sheets). In the lat-
ter, octahedral or tetrahedral substitutions in the sheets result
in positive charge deficits compensated either by interlayer
cations or by octahedral hydroxide sheets with a positive charge.
An important feature of these two families of layers is that their
unit-cell parameters are very close, allowing phyllosilicate crys-
tals to form with layers of these two families. Phyllosilicates
are then commonly mixed-layer minerals. Another character-
istic is that the different types of layers of these crystals be-
have differently when they are submitted to heating or
intercalation treatments. By combining the information deduced
from the evolution of the X-ray diffraction (XRD) patterns af-
ter a 450–550∞C heating treatment (water molecules are, if
present, removed from the interlayer spaces), with that obtained
from the corresponding evolution after a glycerol or an ethyl-
ene glycol treatment (these molecules replace water in the
interlayer spaces where water is present, and lead to a specific
d-spacing), it is possible to predict the nature of the layers that
build the crystals and the problem is mainly the determination

of the way these layers are stacked (Brown and Brindley 1980;
Moore and Reynolds 1989).

 The primary method for the determination of the stacking
parameters of lamellar structures is the modeling of their pow-
der XRD patterns (powder diffraction because lamellar par-
ticles are usually fine grained). If the goal is to determine the
succession of the layers along the normal to the layers, the XRD
patterns must be obtained from samples in which particles are
as parallel as possible in order to remove, in a reflection geom-
etry, the hkl reflections (with h and/or k π 0). If the goal is
additionally to determine the stacking defects in the plane of
the layers, the XRD patterns must also be recorded for samples
in which particles are as unoriented as possible. A transmis-
sion geometry then allows a better control of the experimental
parameters (Drits and Tchoubar 1990).

Several mathematical formalisms have been proposed for
modeling the powder XRD patterns of oriented samples of
minerals containing one or more kinds of layers (Kakinoki and
Komura 1952, 1965; Reynolds 1967; Drits and Sakharov 1976).
Different types of software have been designed, based on these
formalisms. Among them, the most widespread is NEWMOD
(Reynolds 1985). The software of Drits and Sakharov (1976)
has been widely used by those authors but is not generally avail-
able. More recently, Plançon and Drits (2000) have built a pack-
age for the calculation of 00l reflections of two- (MLM2C)
and three-component systems (MLM3C). Plançon (1976, 1981)
also developed a mathematical formalism for the modeling of
the XRD patterns of unoriented samples. The corresponding
software, CALCIPOW (Plançon 1976), has been used for dif-
ferent structural characterizations, e.g., of kaolinites (Plançon
and Tchoubar 1977), heat-treated 2:1 phyllosilicates (Muller et
al. 2000), nacrites (Ben Haj Amara et al. 2000), and birnessites
(Lanson et al. 2002).
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ABSTRACT

The “classical” modeling of powder X-ray diffraction (XRD) patterns of lamellar structures,
such as phyllosilicates, assumes that the samples are composed of “crystals” having various thick-
ness and well-defined translations between layers. This model is able to describe the high-angle
domain of XRD patterns but sometimes fails in the low-angle region. The new model proposed here
considers the samples to be composed of “particles” that have larger sizes than crystals and contain
defects such as cracks, inner-porosity, bent layers, edge dislocations, etc. These defects induce varia-
tions in the d-spacings, introduced in the calculation by distributions of the d-spacings. For
phyllosilicates, this model is consistent not only with XRD, but also with small-angle X-ray scatter-
ing (SAXS) data, transmission electron microscopy (TEM) results, and high-resolution transmission
electron microscopy (HRTEM) observations.


