American Mineralogist, Volume 85, pages 739–744, 2000

Assignment of the structural OH stretching bands of gibbsite
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ABSTRACT
Single-crystal Raman and FTIR methods have been combined to study the structural OH groups
of gibbsite, Al(OH)3. According to factor group analysis, six unique OH stretching bands [ν(OH)]
bands are expected to occur in both IR and Raman spectra. In this study, six ν(OH) bands were
observed in both the Raman and IR spectra. Analysis of the gibbsite crystal structure reveals two
distinct types of structural OH groups: interlayer and intralayer hydrogen-bonded OH groups. The
ν(OH) bands corresponding to these two types of OH groups were clearly resolved using polarized
single-crystal Raman spectroscopy. The interlayer hydrogen-bonded OH groups are oriented along
the c axis of the crystal and are represented by three ν(OH) bands at 3433, 3370, and 3363 cm–1. In
contrast, the intralayer hydrogen-bonded OH groups are oriented nearly parallel to the (001) face
and are represented by the ν(OH) bands at 3623, 3526, and 3519 cm–1. Assignment of the ν(OH)
bands was based, in part, upon the Lippincott and Schroeder one-dimensional (LS-1D) model of the
hydrogen bond. Based upon the known geometry of each OH group, the LS-1D model was used to
predict the ν(OH) frequencies corresponding to each OH group. Additional support for the band
assignments was obtained by correlation between the single-crystal Raman band intensities and the
OH bond orientations obtained from the crystal structure.

INTRODUCTION
Gibbsite [Al(OH)3], also known as hydrargillite, is one of
the most abundant, naturally occurring members of the aluminum hydroxides, oxyhydroxides, and oxides. The crystal structure of gibbsite was first reported by Megaw (1934) and was
later refined by Saalfeld and Wedde (1974) in the centrosymmetric space group P21/n (C2h5). The structure contains six
unique OH groups each having C1 site symmetry. Because of
their low site symmetry, six unique OH stretching [ν(OH)]
bands are expected to occur in both the IR and Raman spectra
of gibbsite. However, only four ν(OH) bands have been reported in the Raman spectra and five in the IR spectra of gibbsite
(Cunningham and Goldberg 1983; Frost et al. 1999; Huang et
al. 1996; Huneke et al. 1980; Rodgers 1993; Russell et al. 1974;
White 1971) and these bands have not been assigned to any
specific OH group.
Two types of structural OH groups are present in the gibbsite
structure (Saalfeld and Wedde 1974) (Fig. 1). Of the six structural OH groups, three (OH1, OH2, and OH4) have O-H bonds
oriented parallel to the (001) face and form intralayer hydrogen bonds where the hydrogen atom is hydrogen-bonded to an
acceptor oxygen atom in the same layer (Fig. 1). The three remaining OH groups (OH3, OH5, and OH6) form interlayer hydrogen-bonds with the acceptor oxygen atoms residing in the
adjacent octahedral layer (Fig. 1). These interlayer hydrogenbonded OH groups have O-H bonds oriented nearly perpendicular to the (001) face. The O…O distances of the intralayer
hydrogen-bonded OH groups are longer than those of the
interlayer hydrogen-bonded OH groups. Greater O…O distances lead to weaker hydrogen bonding which in turn correlates to shorter O-H bonds with higher ν(OH) frequencies (e.g.,
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Nakamoto et al. 1955). Based on these structural considerations,
these two types of OH groups should have distinct spectral features with respect to their band positions and intensity variations among different crystal orientations.
The goal of this paper is to assign the observed IR and Raman
spectra of gibbsite in the hydroxyl stretching region using the
known crystal structure (Saalfeld and Wedde 1974). Specific
objectives are to examine the ν(OH) region using single-crystal Raman spectroscopy combined with low temperature FTIR
method in an effort to identify all six ν(OH) bands predicted
by factor group analysis and second to assign the observed
ν(OH) bands to their respective structural OH groups. Band
assignments are based on two methods. First, the Lippincott
and Schroeder one-dimensional model (LS-1D) of hydrogenbonds (Lippincott 1955; Lippincott and Schroeder 1955) was
used to predict the positions of the ν(OH) bands. This model
has been widely used to study ν(OH) vibrations in organic and
inorganic solids (Giermanska and Szostak 1991; Kruger et al.
1989; Moon and Drickamer 1974; Lippincott and Schroeder
1955; Nguyen et al. 1994). Based on the known O…O distance for each OH group of gibbsite, the LS-1D model was
used to predict the position of the corresponding ν(OH) band.
The second method was based on the correlation of the ν(OH)
band intensities in the single-crystal Raman spectra with the
orientations of the O-H bonds.

EXPERIMENTAL METHODS
Sample preparation
A gibbsite specimen (from Shiskimskaya Mountain, Russia) was obtained from the Smithsonian Institution, Washington, D.C. (Specimen no. 96277). The platy, single-crystal
specimen used in this study measured 0.4 mm × 0.2 mm × 0.05

