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Orientation of OH groups in kaolinite and dickite: Ab initio molecular dynamics study
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ABSTRACT
Ab-initio density-functional molecular dynamics simulations and full relaxation of all atomic
positions are used to reconcile the crystal structures with IR spectra of dickite and kaolinite. The
relaxation of atomic positions preserves the accepted space group symmetries. A pair of two hydroxyl groups oriented parallel to the layer is formed in structures of both dickite and kaolinite
producing the high-frequency components of the OH-stretching frequencies. Other hydroxyls make
relatively strong interlayer hydrogen bonds and produce down-shifted stretching bands. All hydroxyl groups are involved in effective hydrogen bonds. The OH-stretching frequencies depend
linearly on the strength of the hydrogen bond.

INTRODUCTION
In kaolin-group minerals OH groups represent a large portion of the structure and most are involved in hydrogen bonds.
Knowledge of bonding of the OH groups is therefore crucial
for understanding of physicochemical and mechanical properties of this group of minerals. The structures of kaolinite and
dickite were first reported over sixty years ago (Pauling 1930;
Grunner 1932). The many more recent studies of the structural
details of dickite (Adams and Hewat 1981; Rozhdestvenskaya
et al. 1982; Sen Gupta et al. 1984; Joswig and Drits 1986; Bish
and Johnston 1993) and kaolinite (Newnham 1961; Suitch and
Young 1983; Young and Hewat 1988; Bish 1993; Neder et al.
1999) show that many details of these relatively simple structures are still incomplete. The principal question therefore
stands: “What is the orientation of the hydroxyl groups with
respect to the layer and how are they involved in hydrogen
bonds?”
Modern methods of quantum chemistry have been successfully applied to characterize properties of solid materials
(Demuth et al. 1999) and represent inexpensive tools for understanding mineral structures (Winkler et al. 1995; Smrcok
and Benco 1996; Hobbs et al. 1997). Recently Benco et al.
(2001) performed dynamical simulations of dickite and established an unambiguous and consistent correlation between structure, vibrational spectrum and bonding properties. In the present
work we extend simulations to the isolated 1:1 layer in dickite,
which is free of interlayer hydrogen bonds, and to kaolinite.
Though the structure of kaolinite is similar to that of dickite
the geometry of the interlayer O-H⋅⋅⋅O bonds is considerably
different. In this study we allow full relaxation of atomic posi* E-mail: lubomir.benco@univie.ac.at
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tions in the structure of the isolated layer in dickite and kaolinite to compare the geometry of hydrogen bonds and perform
low-temperature dynamical simulations to localize the OH
stretching modes and to assign the stretching bands in the IR
spectra.

METHODS
For this study we used static periodic ab initio calculations
and ab-initio molecular dynamics to describe both the fully
relaxed crystal structures and the dynamical properties of the
lattice. The calculations are based on density-functional theory
(Jones and Gunnarsson 1989) using the generalized-gradient
approximation (Perdew et al. 1992) to the exchange-correlation functional. We used ultrasoft pseudopotentials (Vanderbilt
1990; Kresse and Hafner 1994) and a plane-wave basis as implemented in the ab initio simulation package VASP (Kresse and
Furthmüller 1996). The calculations were performed using
Blöchl’s projector augmented wave technique (Blöchl 1994;
Kresse and Joubert 1999) with a plane-wave cut-off energy of
350 eV. The Brillouin-zone sampling was restricted to the Γpoint. Convergence was improved using a modest smearing of
the eigenvalues. The optimization of atomic geometries was
performed via a conjugate-gradient algorithm until residual
forces acting on atoms were less than 0.1 eV Å–1. The finitetemperature simulation of the dynamical properties was performed at temperatures ranging from 40 K to 300 K using the
exact Hellman-Feynman forces and applying the statistics of
the canonical ensemble to the motion of atomic nuclei (Nosè
1984). Simulations were performed using experimental unitcell parameters of dickite (Joswig and Drits 1986) and kaolinite (Neder et al. 1999). For the isolated layer we chose a single
layer within the unit cell of dickite. In the optimization procedure no symmetry restrictions were applied.
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