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abstraCt

An understanding of the interaction mechanisms between exchangeable cations and layered silicates 
is of interest from both a basic and an applied point of view. Among 2:1 phyllosilicates, a new family 
of swelling high-charge synthetic micas has been shown to be potentially useful as decontaminant. 
However, the location of the interlayer cations, their acidity and the water structure in the interlayer 
space of these silicates are still unknown. The aim of this paper was therefore to study the hydration 
state of the interlayer cations in the interlayer space of high-charge expandable micas and to evalu-
ate the effect that this hydration has on the swelling and acidity behavior of these new materials. To 
achieve these objectives, three synthetic micas with different charge density total layer charges (rang-
ing between 2 and 4 per unit cell) and with five interlayer cations (Na+, Li+, K+, Mg2+, and Al3+) were 
synthesized and their hydration state, interlayer space, and acidity analyzed by DTA/TG, XRD, and 
1H MAS NMR spectroscopy. The results showed that the hydration state depends on both the layer 
charge and the nature of the interlayer cation. A high participation of the inner-sphere complexes in the 
highly charged confined space has been inferred and proposed to induce Brønsted acidity in the solid.
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introduCtion

Confined waters are ubiquitous in nature and they play im-
portant roles in geological, biological, and technical processes 
(Wang et al. 2003). Water under confinement shows different 
behaviors from the bulk due to the influences from the limit-
ing boundaries and this has received great attention (Dysthe 
and Wogelius 2006). These 2:1 type phyllosilicates are widely 
distributed in soils and sediments, and they contain considerable 
confined waters in their interlayer pores (Grim 1962; Bergaya et 
al. 2006). Therefore, the interlayer space of swelling 2:1 clays 
plays an important role in geochemical, environmental, and in-
dustrial processes (Grim 1962; Odom 1984; Van Olphen 1977; 
Murray 1986, 1999, 2000; Colin and Murray 1997; Hensen et 
al. 2001). In light of this, an understanding of the interaction 
mechanisms between exchangeable cations and layered silicates 
is of interest from both a basic and an applied point of view. Thus, 
it is important to determine both the physicochemical properties 
of these materials (Sposito et al. 1999) and how the hydration of 
interlayer cations and the clay surface controls the swelling, dis-
persion, and ion-exchange properties of these layered silicates as 
these factors have an important influence on their use in catalytic 
reactions, adsorption, and waste disposal, among others (Laszlo 
1986; Adams 1987; Sposito 1989; Michalopoulos et al. 1995).

The swelling properties of clays have been studied exten-
sively, both experimentally (Weiss et al. 1990; Cases et al. 1992; 
Bérend et al. 1995; Michot et al. 2002; Ferrage et al. 2005a; 

Rinnert et al. 2005; Trausch et al. 2006; Salles et al. 2008) and 
theoretically (Boek et al. 1995a, 1995b; de Siqueira et al. 1997; 
Young and Smith 2000; Hensen et al. 2001; Hensen and Smit 
2002; Whitley and Smith 2004; Tambach et al. 2004; Liu and 
Lu 2006; Smith et al. 2006; Tambach et al. 2006) and are now 
relatively well understood. Mooney et al. (1952a, 1952b) were 
among the first authors to show that smectites are able to absorb 
up to half their mass in water and that the water sorption behavior 
is strongly dependent on the nature of the exchangeable cation. 
The mechanisms underlying these interactions have since been 
the subject of several reviews (Sposito and Prost 1982) and has 
been explained by several arguments: the size of hydrated cations 
(Shainberg and Kemper 1967; Gast 1969, 1992), their ability to 
lose a water molecule at the clay surface, thus forming a stronger 
inner-sphere complex (Eisenmann 1962; Maes and Cremers 
1978), their hydration state in the interlayer (Laird and Shang 
1997), or their polarizability that influences the formation of 
surface complexes (Shainberg and Kemper 1967; Sposito 1984; 
Maes and Cremers 1986).

Therefore, the equilibrium water density of such hydrated 
clays depends on the type of clay mineral, the type of inter-
layer counterion, the applied pressure and temperature, and 
the water vapor pressure (Grim 1962; Slade et al. 1991; Sato 
et al. 1992).

The negative layer charge in 2:1 clays is balanced by ex-
changeable counterions such as Na+, K+, and Ca2+. In broad terms, 
it is the tendency of these interlayer counterions to solvate that 
causes the clays to expand in the presence of water and other * E-mail: alba@icmse.csic.es 


