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INTRODUCTION

Serpentine minerals are produced by hydrothermal alter-
ation of ultramafic rocks of the oceanic lithosphere. As such,
their formation and subsequent transformations are key pro-
cesses in the interactions between sea water and solid Earth.
The diversity of these minerals arises from variations in their
chemical compositions with respect to the simplified formula
Mg3Si2O5(OH)4, and from the various shapes related to their
layered structure. Depending on chemical composition and the
physico-chemical conditions prevailing during formation, these
1:1 trioctahedral phyllosilicates may form cylindrical layers in
chrysotile, corrugated layers in antigorite, and flat layers in
lizardite (Wicks and O’Hanley 1988; Viti and Mellini 1997).

Many natural serpentine samples contain a mixture of these
minerals, which may be identified using several features of their
infrared spectra (Farmer 1974; Yariv and Heller-Kallai 1975;
Velde 1980; Post and Borer 2000; Lemaire et al. 1999). How-
ever, the interpretation of the IR spectra of serpentine minerals
and the assignment of the absorption bands to vibrational modes
of the structure are still debated. Beside the occurrence of struc-
tural defects and the composite nature of natural samples, un-
certainties arise also from the fact that serpentines are
fine-grained minerals. Recent theoretical developments have
shown that it is possible to derive accurate powder IR spectra
by combining first-principles quantum mechanical calculations
of the vibrational properties of minerals with a macroscopic
modeling of the IR absorption process (Balan et al. 2001). In
the present study, we apply this approach to the IR spectrum of
lizardite, the planar variety of serpentine. The theoretical cal-
culation of the IR spectrum of perfect lizardite allows us to
assign the major features of the experimental spectrum to spe-
cific vibrational modes of the lizardite structure.

METHODS

IR spectroscopy

We studied a well-ordered lizardite-1T sample with minor
amounts of chrysotile and polygonal serpentine, from Monte
Fico, Elba (Mellini and Viti 1994; Gregorkiewitz et al. 1996;
Viti and Mellini 1997; Fuchs et al. 1998; Lemaire et al. 1999).
Approximately 2 mg of dried sample were gently ground with
300 mg of KBr. The mixture was pressed to produce a KBr
pellet and the transmission IR spectrum of the pellet was re-
corded at room temperature using an FTIR spectrometer
(Nicolet Magna 560) in the 250–4000 cm–1 range with a reso-
lution of 2 cm–1.

Ab initio calculations

Structure relaxation. Structure relaxation was performed
by using the Density Functional Theory (DFT) and the gener-
alized gradient approximation (GGA) to the exchange-corre-
lation functional as proposed by Perdew, Burke, and Ernzerhof
(PBE) (Perdew et al. 1996). The ionic cores were described by
norm-conserving pseudo-potentials (Troullier and Martins
1991) in the Kleinman-Bylander form (Kleinman and Bylander
1982). The wave-functions and the charge density were ex-
panded in plane-waves with 80 and 320 Ry cutoffs, respec-
tively. The Brillouin zone was sampled using a 2 ¥ 2 ¥ 2 k-point
grid according to the Monkhorst-Pack scheme (Monkhorst and
Pack 1976). Convergence of energies with respect to the basis
set size and to the Brillouin zone sampling was tested with
calculations using a 100 Ry cutoff on wave-functions and a 3 ¥
3 ¥ 3 k-point grid, respectively. Atomic relaxations were per-
formed with the PWSCF code (S. Baroni, A. Dal Corso, S. de
Gironcoli, and P. Giannozzi; www.sissa.it/cm/PWcodes) until
the residual forces on atoms were less than 10–3 Ry/Å.

Linear response properties. Vibrational (displacements and
frequencies of the normal vibrational modes at the Brillouin
zone center) and dielectric [Born effective charge tensors (Z*ij)
and electronic dielectric tensor] properties were calculated us-* E-mail: Etienne.Balan@lmcp.jussieu.fr
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ABSTRACT

The theoretical infrared spectrum of lizardite [Mg3Si2O5(OH)4] was computed using first-prin-
ciples quantum mechanical calculations. Density functional perturbation theory allowed us to derive
the low-frequency dielectric tensor of lizardite as a function of the light frequency. The infrared
spectrum was then calculated using a model that takes into account the platy shape of particles. A
very good agreement was obtained between theory and experiment. This agreement allows us to
make an unambiguous assignment of the major absorption bands observed in the IR spectrum of
lizardite, including the stretching bands of OH groups.


