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INTRODUCTION

In trioctahedral 2:1 phyllosilicates, AM3T4O10(OH,F)2, the 
interlayer A sites can be occupied by K, Na, and more rarely by 
Ca or Ba; the tetrahedral T sites by Si and Al; and the octahedral 
M sites by Mg, Al, Li, or vacancies. Tetrahedra share three oxy-
gen atoms with neighboring tetrahedra to form pseudohexagonal 
rings in tetrahedral sheets. In these silicates, the charge deÞ cit in-
troduced by the substitution of Si4+ by Al3+ is compensated by the 
incorporation of interlamellar cations or/and by the substitution 
of Mg2+ by Al3+ in the octahedral sheet. The Al for Si substitution 
increases the dimensions of the tetrahedral layers, which makes 
matching the octahedral layer with the two tetrahedral layers 
difÞ cult. The dimensional misÞ t between sheets is compensated 
for by the opposite rotation of adjacent tetrahedra by an angle 
α around the c* direction, and the ß attening of octahedra into 
trigonal antiprisms. The ditrigonal distortion of hexagonal rings 
is limited by the size of the interlamellar cations (see Bailey 1984 
for a compilation).

29Si MAS-NMR spectroscopy has been extensively used to 
study the tetrahedral layer framework and the Si,Al distribution 
in phyllosilicates (Sanz and Serratosa 1984; Sanz and Robert 
1992). In a previous work, it was shown that shifts of Si3, Si2Al, 
SiAl2, and Al3 signals depend on variations of tetrahedral T-O-T 
angles produced by the ditrigonal distortion of hexagonal rings. 
On the other hand, some characteristics of the Si,Al distribution 
were deduced from analysis of the relative intensities of the four 
Si3�nAln components detected in the 29Si MAS-NMR spectra of 
phyllosilicates. In particular, it was shown that the distribution of 
Si and Al complies with Loewenstein�s rule ([4]Al-O-[4]Al avoid-
ance) and the dispersion of tetrahedral charge deÞ cits, introduced 
by Al for Si substitution, is homogeneous (HDC model: Barron 

et al. 1985; Herrero et al. 1985, 1989; Circone et al. 1991). 
In this work, we have analyzed samples with different compo-

sitions to determine the inß uence of interlaminar and octahedral 
compositions on the 29Si-NMR chemical shifts of 2:1 phyllosili-
cates. Samples investigated in this work belong to the saponite 
and mica groups. In saponites the tetrahedral charge deÞ ciency 
is compensated by an increasing amount of interlamellar Na+ 

cations. In micas, the tetrahedral charge deÞ cit is compensated 
by the accumulation of interlayer charge in (K,Ba)-rich micas 
or octahedral charge in Na- and K-rich micas. In the analyzed 
samples the tetrahedral rotations deduced from X-ray diffraction 
(XRD) patterns have been correlated with information obtained 
by 29Si MAS-NMR spectroscopy.

EXPERIMENTAL METHODS

Materials 
All layer silicates investigated in the present work were obtained by hydrother-

mal synthesis using silicate gels as precursors. The gels were prepared according 
to the method of Hamilton and Henderson (1968), using high grade reagents: dried 
Na2CO3, K2CO3, BaCO3, titrated solutions of Mg and Al nitrates, and tetraethy-
lorthosilicate TEOS (C2H5O)4Si as a silica source. The saponites were synthesized 
in Morey-type pressure vessels (Morey 1953), internally lined with a silver tube, 
at 400 °C and 1 kbar PH2O for a duration of 4 weeks. Micas were synthesized 
in Tuttle-type pressure vessels (Tuttle 1949), in sealed gold tubes, at 600 °C and 
1 kbar PH2O for two weeks. In both cases, the uncertainties on temperature and 
pressure are ±10 °C and ±50 bars, respectively.

In saponites, NasMg3(Si4�sAls)O10(OH)2⋅nH2O, with 0.3 ≤ s ≤ 1, incorpora-
tion of Al in the tetrahedral sheet is compensated by interlamellar Na+ cations. In 
these phyllosilicates, Si for Al substitution follows the scheme: [12]■■, [4]Si4+ ↔ 
[12]Na+, [4]Al3+. The dominant hydration form is the �two-layer� one (n = 5), but 
the �one-layer� form (n = 2) is also present. The layer silicate corresponding to 
s = 0, Mg3Si4O10(OH)2 (talc), was considered as a reference in this study. These 
saponites have been previously characterized by many techniques, including wet 
chemical analysis, XRD, TGA, FTIR, Raman scattering, and measurement of their 
CEC (Bergaoui et al. 1995; Pelletier et al. 2003; Michot et al. 2005). For s < 0.8, all 
samples are on composition; however, high-charge saponites (s ≥ 0.8) show very 
minor deviations from the theoretical stoichiometry, as indicated by the presence * E-mail: jsanz@icmm.csic.es
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ABSTRACT

A series of synthetic sodium-rich saponites and trioctahedral Na, K, and Ba mica solid solutions 
have been investigated by 29Si MAS-NMR spectroscopy. The salient result is the major effect of the 
interlayer charge on 29Si chemical shift variations detected in NMR components ascribed to tetra-
hedral Si3, Si2Al, SiAl2, and Al3 environments. In this analysis, the effect of the octahedral charge 
is considerably lower. The contribution of the interlayer charge is much more important than the 
previously reported contribution of the ditrigonal distortion of tetrahedral layers, generated by the 
misÞ t between tetrahedral and octahedral layers. This observation rests on the peculiar disposition of 
tetrahedra in phyllosilicates, with three out of four oxygen atoms exposed to the interlamellar space. 
A similar effect could be operative in other silicates, like zeolites, in which most of tetrahedra interact 
with charge compensating cations.
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