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ABSTRACT

The theoretical infrared spectrum of kaolinite [Al2Si2O5(OH)4, triclinic] was computed using ab
initio quantum mechanical calculations. Calculations were performed using the Density Functional
Theory and the generalized gradient approximation. The low-frequency dielectric tensor of kaolin-
ite was determined as a function of the light frequency using linear response theory. The IR spec-
trum was then calculated using a model that takes into account the shape and size of kaolinite particles.
A remarkable agreement was obtained between theory and experiment, especially on the position of
the stretching bands of OH groups. This agreement provides a firm basis for the interpretation of the
IR spectrum of kaolinite in terms of structural parameters.

INTRODUCTION

Infrared (IR) spectroscopy provides information at the mo-
lecular level on the structure and properties of minerals (Farmer
1974; McMillan and Hofmeister 1988). Since IR spectra are
specific to given minerals, this technique is widely used in quali-
tative and quantitative mineralogical analysis. Infrared spec-
troscopy is not limited to periodic systems but also allows the
determination of specific molecular groups. For this reason,
IR spectroscopy has found many applications in chemistry and
geochemistry for the characterization of both organic and inor-
ganic samples. In addition, interatomic vibrations can be used
as structural probes for determining weak changes of structure
or chemical bonding in minerals.

The interpretation of IR spectra is generally done by as-
signing the observed signals to the normal vibrational modes
of molecules or solids, which can be assessed with empirical
models and group theory. However, the high number of vibra-
tional modes in complex systems can make this task quite dif-
ficult. Unambiguous assignment is also hindered by the fact
that the frequencies and intensities of bands calculated with
empirical models are generally not accurate enough to coin-
cide with the observed bands. In crystals, additional complex-
ity arises from the collective displacement of atoms, which may
produce a macroscopic electric field. This field shifts the ab-
sorption bands with respect to the frequencies derived from
the eigenvalues of the dynamical matrix computed in a zero
macroscopic electric field. The induced electric field depends
on the direction of light propagation and boundary conditions

at the surface of crystals. The observed IR spectrum thus de-
pends on the geometry of the experiment. Reflectivity mea-
surements allow one to overcome this difficulty but are limited
to the study of high-quality single crystals. In most cases, IR
studies of minerals are performed on powdered samples and
the IR spectra may strongly depend on the size and shape of
particles (e.g., Farmer 1998). The assignment of bands is then
generally done using empirical rules and comparison of spec-
tra between minerals.

However, one should be able to compute the powder IR
absorption spectrum of a mineral from its dielectric properties,
using a model to take into account shape and size effects. Since
ab initio quantum mechanical calculations allow one to deter-
mine the dielectric tensor of solids as a function of the light
frequency (Giannozzi et al. 1991; Gonze and Lee 1997), this
approach could provide a new way to interpret powder IR ab-
sorption spectra.

In the present work, we evaluate the accuracy of the ab ini-
tio approach by calculating the IR spectrum of kaolinite
[Al2Si2O5(OH)4], a widespread clay mineral. Interest in the IR
spectrum of kaolinite also arises from the well-defined absorp-
tion bands of OH groups. Indeed, IR bands of OH groups in
minerals are widely used to determine the occurrence of struc-
tural defects (e.g., impurities, stacking faults), which may be
related to the conditions of genesis and properties of the inves-
tigated mineral. Thus, an accurate modeling of the IR signal of
OH groups would be of fundamental interest to mineral phys-
ics. In addition, kaolinite is widely used as a model system to
investigate adsorption processes and surface properties of clay
minerals. As such, the kaolinite structure was extensively in-
vestigated by neutron and X-ray powder diffraction (Suitch and
Young 1983; Bish and Von Dreele 1989; Bish 1993) and mo-
lecular modeling using ab initio (Hobbs et al. 1997; Hess and
Saunders 1992) or empirical methods (Giese 1982). The stack-


