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INTRODUCTION

Though widely studied, the hydration states and structural 
conÞ guration of water molecules in the interlayer spaces of 
smectite clay samples remain an open question (Guven 1992). 
Most experimental work has focused on clays with octahedral 
charge deÞ cit, i.e., montmorillonite and hectorite. The experi-
mental techniques used for studying this problem include water 
adsorption measurements and X-ray diffraction studies (Mooney 
et al. 1952; Ormerod and Newman 1983; Bérend et al. 1995; 
Cases et al. 1997), infrared spectroscopy (Farmer and Russell 
1971; Prost 1975; Cariati et al. 1981; Sposito and Prost 1982; 
Johnston et al. 1992; Bishop et al. 1994; Pelletier et al. 1999a), 
neutron diffraction and neutron scattering (Cebula et al. 1979; 
Hawkins and Egelstaff 1980; Poinsignon et al. 1987; Powell et 
al. 1997; Poinsignon 1997), and NMR spectroscopy (Conard 
1976; Woessner 1980; Grandjean and Laszlo 1989; Delville and 
Letellier 1995; Weiss and Gerazimowicz 1996). The general 
picture one can derive from these experiments is that cation 
hydration is the main parameter controlling water uptake and 
swelling in montmorillonite and hectorite. Furthermore, in most 
cases, interstratiÞ ed phases of zero, one, two, and sometimes 
three-layer hydrates are encountered and water molecules linked 
to the cations and liquid-like conÞ ned water molecules are pres-
ent in the interlayer region. This general picture is basically 
conÞ rmed by numerous simulation studies (Delville 1992; Boek 
et al. 1995a, 1995b; Chang et al. 1995; Delville 1995; Sposito 
et al. 1999; Young and Smith 2000; Hensen et al. 2001; Marry 
and Turq 2003; Boek and Sprik 2003).

Fewer studies have been devoted to clays with tetrahedral 
substitutions such as beidellite (Glaeser and Mering 1968; Ben 
Brahim et al. 1984, 1986) or saponite (Farmer and Russell 1971; 
Suquet et al. 1975, 1977a, b, 1982; Suquet and Pézerat 1987). 
In this case, the interactions between water molecules and the 
clay surface can start to play a role as the oxygen atoms located 
close to the tetrahedral substitution sites bear a negative charge 
that make them potential binding sites for water molecules. 
In addition, simulation results (Chang et al. 1995) reveal that 
the existence of tetrahedrally charged sites modiÞ es the posi-
tion and dynamics of interlayer exchangeable cations, whose 
mobility is considerably reduced when compared to clays with 
octahedral charge deÞ cits. The main consequence of tetrahedral 
charge localization is that the hydration states as seen by X-
ray diffraction appear much more homogeneous with marked 
swelling steps (Glaeser and Mering 1968; Suquet and Pézerat 
1987), thus revealing the importance of charge localization on 
the water structure. 

Relatively few studies have been devoted to the inß uence 
of layer charge on water structure in interlayer spaces. This pa-
rameter has generally been approached by using different clay 
samples (Cariati et al. 1983; Suquet and Pézerat 1987; Slade 
et al. 1991; Laird 1999) and/or by reducing the layer charge 
after Li exchange and subsequent heating (Sposito et al. 1983; 
Laird 1999). However, in all of these studies charge distribu-
tion heterogeneity and the presence in natural samples of both 
octahedral and tetrahedral charge complicate data interpretation. 
For this reason, the use of synthetic clay samples such as variable 
charge saponites (Suquet et al. 1977a) appears to be an attractive 
alternative way to study the behavior of tetrahedrally charged 
smectites. We recently used a series of synthetic saponites to * E-mail: laurent.michot@ensg.inpl-nancy.fr
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ABSTRACT

This paper concerns the hydration and swelling behavior of four synthetic sodium saponite samples 
with general formula Nax(Si4�x,Alx)(Mg3)O10(OH)2, where x = 0.4, 0.5, 0.6, and 0.7. The combination 
of gravimetric water adsorption measurements and X-ray diffraction experiments under controlled 
water pressure allows us to analyze the inß uence of layer charge on swelling mechanisms. When the 
layer charge increases, swelling occurs for lower values of the chemical potential, i.e., at lower relative 
pressure. In parallel, as the cohesion between layers increases with increasing layer charge, a greater 
amount of water is needed to initiate swelling for higher-charged samples. In this last case, due to 
the proximity of interlayer cations, the transition between the one layer and two-layer hydrate occurs 
before the sodium cations are surrounded by a complete hydration sphere. This study also shows that 
the �one-layer� or �two-layer� hydrates cannot be considered as deÞ ned states as they appear to be 
modiÞ ed with both layer charge and relative pressure. 


