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INTRODUCTION

Gibbsite, α-Al(OH)3, is the most common aluminum ore min-
eral. It mainly occurs in bauxites and lateritic soils, as a result of 
the intense weathering of aluminous minerals in tropical climates 
(Tardy 1993). Its surface properties have attracted much attention 
as a model system to investigate the reactivity of mineral surfaces 
in soils and sediments (e.g., Kubicki and Apitz 1998; Jodin et al. 
2004). The high-pressure behavior of gibbsite has recently been 
investigated to gain some insight to the phase transitions affecting 
hydrous phases in subduction zones (Johnston et al. 2002; Liu et 
al. 2004). Some theoretical studies, motivated by the industrial 
use of gibbsite, have also addressed its thermal stability (Digne 
et al. 2002) and the effect of alkaline cation incorporation on its 
crystal morphology (Fleming et al. 2001).

IdentiÞ cation of gibbsite in complex mineral mixtures or 
synthetic samples can be readily performed by using infrared 
or Raman spectroscopy (e.g., Farmer 1974; Ruan et al. 2001). In 
particular, the OH-stretching modes produce a series of well-de-
Þ ned bands observed between 3200 and 3700 cm�1. This pattern 
is related to the stretching vibration of the six non-equivalent 
OH groups of the gibbsite structure. According to factor group 
analysis, each OH group is expected to produce four vibrational 
modes referred to as Ag, Bg, Au, or Bu, corresponding to the four 
irreducible representations of the C2h point group. Because of 
the inversion symmetry, the two centro-symmetric Ag and Bg 
modes are Raman-active modes, whereas the anti-symmetric 
Au and Bu modes are infrared active (Wang and Johnston 2000). 
Neglecting the coupling between the vibration of non-equivalent 
OH groups and the coupling between the vibration of OH groups 
belonging to different layers, Raman and infrared active bands 
are expected to be degenerate and a one-to-one assignment of the 
experimental bands to the six non-equivalent OH groups has been 

proposed (Wang and Johnston 2000). However, the calculation 
of vibrational modes by Gale et al. (2001) has suggested that 
some of these modes result from mixing between the vibration 
of non-equivalent OH groups. Unfortunately, the limited agree-
ment observed between theoretical and experimental frequencies 
makes it difÞ cult to unambiguously interpret the vibrational spec-
tra of gibbsite in the range of OH-stretching modes. In addition, 
recent theoretical modeling of the vibrational spectra of layered 
minerals, such as the kaolinite-group minerals, has shown that 
the interlayer coupling for modes polarized perpendicular to the 
layers is far from insigniÞ cant (Balan et al. 2005). Finally, the 
experimental study of Phambu et al. (2000) has shown that the 
infrared spectrum of gibbsite samples strongly depends on the 
shape of the gibbsite particles, suggesting that OH groups located 
at the surface of the gibbsite particles contribute signiÞ cantly 
to the spectrum. 

In a polar crystal, certain vibrational modes can be coupled 
with a macroscopic electric Þ eld. If this is the case, optical vibra-
tions can depend on the macroscopic polarizability of the system, 
and thus, on the macroscopic shape of the system.  Whereas the 
vibrational properties of the gibbsite surface were successfully 
simulated using isolated small clusters (e.g., Kubicki and Apitz 
1998; Kubicki 2001), this approach does not allow for a proper 
description of the macroscopic polarizability of the bulk. In the 
present study, we theoretically investigated the infrared and 
Raman spectra of gibbsite using ab initio quantum mechanical 
calculations, considering both the frequency and the intensity 
of vibrational bands. We used periodic boundary conditions, al-
lowing for a complete description of the crystal polarizability. 
The low-frequency dielectric tensor and Raman tensors were 
determined using the density functional perturbation theory 
(Baroni et al. 2001; Lazzeri and Mauri 2003). The inß uence of 
the particle shape on the IR spectrum turns out to be an essential 
ingredient to provide an unambiguous interpretation of the OH 
bands in terms of vibrational modes. * E-mail: balan@lmcp.jussieu.fr

First-principles study of the OH-stretching modes of gibbsite

ETIENNE BALAN,1,2,* MICHELE LAZZERI,2 GUILLAUME MORIN,2 AND FRANCESCO MAURI2

1UR GEOTROPE, Institut de Recherche pour le Développement (IRD), 213 rue La Fayette, 75480, Paris cedex 10, France
2Institut de Minéralogie et Physique des Milieux Condensés (IMPMC), UMR CNRS 7590, Universités Paris VI et VII, IPGP, 4 Place Jussieu, 

75252 Paris Cedex 05, France

ABSTRACT

The theoretical infrared (IR) and Raman spectra of gibbsite [α-Al(OH)3] were computed using ab 
initio quantum mechanical calculations. The low-frequency dielectric tensor and the Raman tensors 
of gibbsite were determined using linear response theory. The transmission powder IR spectrum was 
found to strongly depend on the shape of the gibbsite particles. In the region of the OH-stretching 
bands, an excellent agreement between theory and experiment was obtained, providing an unambigu-
ous interpretation of the OH bands in terms of vibrational modes. In contrast, the assignment of the 
bands observed at lower frequency is complicated by the signiÞ cant overlap between neighboring 
bands together with their sensitivity to particle shape.
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