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INTRODUCTION

Palygorskite and sepiolite are clays consisting of modulated 
2:1 layers (for a review on their structure, mineralogy, and proper-
ties, see Singer 1989). The tetrahedral sheets of palygorskite are 
continuous, but every two tetrahedral ribbons along the b axis 
(three in sepiolite) exhibit a reversal of the orientation of their 
apical O atoms. This reversal leads to the periodic interruption 
of the octahedral sheet, which, unlike that of smectite, becomes 
discontinuous (Chisholm 1992; Chiari et al. 2003; Giustetto 
et al. 2004). Overall, the structure of palygorskite is described 
as consisting of alternating 2:1 �slabs� and open tunnels run-
ning along the c axis. The chemical formula of palygorskite, 
Mg5Si8O20(OH)2(OH2)4·4H2O, describes a trioctahedral structure. 
Two different types of H2O residing in the open channels can be 
identiÞ ed: �crystalline� or �coordinated� H2O bonds directly to 
the exposed Mg ions to fulÞ ll their coordination requirements, 
whereas �zeolitic� H2O interacts with both the coordinated H2O 
molecules and the tetrahedral sheet. At ambient conditions, 
physically adsorbed H2O is also present in variable quantities. 
The progressive removal of the various types of H2O is known to 
lead to signiÞ cant changes in the palygorskite structure (Hayashi 
et al. 1969; VanScoyoc et al. 1979; Singer 1989). The Þ rst of 
these events involves the removal of physisorbed and zeolitic 
H2O and the reorganization of the remaining crystalline H2O. 
At higher temperatures half of the crystalline H2O is removed, 
and the structure folds leading to partial collapse of the channels 
(Kuang et al. 2004).

Palygorskite exhibits low amounts of tetrahedral substitu-
tion (Al3+ for Si4+), but Al3+, Fe3+, and to a lesser extent Fe2+ ions 
frequently substitute for octahedral Mg2+. Thus, the more general 
formula [M2+

3x+2M3+
2(1�x)■■1�x]Si8O20(OH)2(OH2)4·4H2O describes 

palygorskite with a variable dioctahedral-trioctahedral character 
(Galán and Carretero 1999; Chahi et al. 2002).

Infrared spectroscopy is an essential tool for deciphering the 
structural characteristics of layer silicates (Farmer 1974; Rus-
sell et al. 1994). However, octahedral vacancies in dioctahedral 
systems as well as the degrees of freedom associated with 
cation substitution often make the assignments of the infrared 
spectra difÞ cult and impede their quantitative analysis (Petit 
et al. 1995; Zviagina et al. 2004). Following an early infrared 
study of palygorskite by Mendelovici (1973), Serna et al. (1977) 
were able to separate the fundamental vibrations of the structural 
hydroxyls from those of the crystalline H2O species by careful 
drying and deuteration. Three OH stretching bands were observed 
and attributed to Al2OH, AlFe2+OH, or AlMgOH and Fe2+Fe3+OH 
or Fe3+MgOH, respectively. Thus, these authors concluded that 
palygorskite is essentially dioctahedral, with Al and Fe in the 
inner OH-bearing sites, and most of the Mg ions restricted to the 
outer sites where they bond to crystalline H2O. These conclusions 
were not universally adopted in subsequent studies (Khorami et 
al. 1989; Augsburger et al. 1998).

The NIR study of several clay specimens by Clark et al. 
(1990) included two palygorskite source clays from Florida 
(CM46 and PFl-1), which exhibited sharp and well-resolved 
bands owing to the 2ν mode of the structural hydroxyls. However, 
subsequent combined mid- and near-infrared studies of PFl-1 by 
Madejová and Komadel (2001) and Frost et al. (2001) report very * E-mail: gdchryss@eie.gr
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ABSTRACT

The OH-structural characteristics of an iron-rich palygorskite from Western Macedonia, Greece 
(Gr-1) and an aluminous palygorskite from Florida (PFl-1) were examined by combined Fourier-trans-
form near-infrared reß ectance (NIR) and mid-infrared attenuated total reß ectance (ATR) spectroscopy. 
Analyses of samples heated from ambient to 130 °C allowed for the development of a self-consistent 
set of band assignments for the structural and surface OH and H2O species of both the hydrated and 
dehydrated forms. The inner octahedral sites of both samples are largely accounted for by dioctahedral 
AlAlOH, AlFe3+OH, and Fe3+Fe3+OH pairs. Band intensities for these pairs are consistent with variations 
in the concentration of octahedral Fe and Al in the two samples. In addition, both samples display a 
trace trioctahedral signature in NIR, which may be related to local trioctahedral domains, or the pres-
ence of sepiolite in trace amounts, or as intergrowths. A surface H2O species typical of the hydrated 
phase was identiÞ ed via its NIR combination mode at 5317 cm�1. The desorption of this species by 
heating revealed distinct silanol groups with overtone and combination modes at 7255 and 4575 cm�1, 
respectively. Mg-coordinated and zeolitic H2O species are strongly coupled in the hydrated phase and 
give rise to NIR combination modes at 5190 and 5240 cm�1. The removal of zeolitic H2O causes the blue 
shift of the three dioctahedral OH overtones by ca. 20 cm�1 and the rearrangement of the coordinated 
H2O manifested by the growth of sharp combination modes at ca. 5215 and 5120 cm�1.
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