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The two aluminum sites in the 27Al MAS NMR spectrum of kaolinite: Accurate
determination of isotropic chemical shifts and quadrupolar interaction parameters
Michaël Paris1,*
Institut des Matériaux Jean Rouxel (IMN), Université de Nantes, CNRS 2, rue de la Houssinière, BP 32229, 44322 Nantes Cedex 03, France

1

abstract
The problem of resolving the two aluminum sites in the 27Al NMR spectrum of kaolinite has been
unsuccessfully addressed for 30 years. A few years ago, it was shown that the two sites cannot be specthe NMR parameters of both sites. In this article, we present an alternative approach. We show that,
tions are sensitive enough to differentiate information coming from the two aluminum sites. Thus, the
isotropic chemical shift , the quadrupolar constant CQ, and asymmetry parameter Q of each site can
27

this approach requires a carefully acquired and post-treated 27Al spectrum. It is concluded that the
two sets of parameters ( = 7.5 ppm, CQ = 3.4 MHz, Q = 0.8) and ( = 8.0 ppm, CQ = 3.0 MHz, Q =
0.9) represent the best and the unique solution overall. Moreover, the accuracy of these experimental
The approach presented in this article can be easily applied, not only to clays or aluminosilicate
materials, but to any compounds where the NMR parameters of overlapping spectral lines have to be
determined. This can also be extended to sites of unequal multiplicity and to other nuclei. Moreover,
this methodology can be useful in the characterization of small structural changes occurring partly at
to both affected and unaffected sites may strongly overlap, making the spectral resonances broad and
badly resolved. In such a case, determining the isotropic chemical shift and the quadrupolar coupling
parameters may help to exceed the simple qualitative analysis of structural changes by offering the
possibility of discriminating between structural models via the experimental data.
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introduction
Kaolinite is an aluminosilicate used in a large variety of applications such as ceramics, building, paper or rubber materials.
Kaolinite [Al2Si2O5(OH)4] has a 1:1 layered structure consisting
of an octahedral aluminum hydroxide sheet and a tetrahedral
silica sheet. The crystallographic structure determined by Bish
(1993) is described in the conventional C1 space group with cell
parameters of a = 5.1535(3), b = 8.9419(5), c = 7.3906(4) Å, =
91.926(2) , = 105.046(2) , and = 89.797(2) . Moreover, for both
Si and Al atoms, there are two inequivalent crystallographic sites.
As a local technique, nuclear magnetic resonance (NMR) is
a powerful tool to gain information about the kaolinite structure
and the modifications induced by thermal or chemical treatments.
Indeed, determining the values of the parameters describing
the NMR interactions experienced by the nuclei can provide
insights on the polyhedra geometry (number of edges, angles)
or connectivity leading to information on atom substitutions or
deformations under treatment. Some hydraulic binder–kaolinite
blends show structural modifications of two of the three inter* E-mail: Michael.Paris@cnrs-imn.fr
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layer hydroxyl groups. Similarly, exfoliation also modifies the
structural configurations of the interlayer OH groups. Unfortunately, in kaolinite, these groups cannot be spectrally separated
and characterized by 1H NMR spectroscopy. 27Al NMR may
provide an alternative way if the corresponding parameters are
precisely known. 27Al is subject to the quadrupolar interaction
resulting from the interaction between the quadrupole moment
(Q) and the local electric-field gradient (EFG). This interaction is described by two parameters, the quadrupolar constant
CQ = eVZZQ/h and the asymmetry parameter Q = (VYY – VXX)/
VZZ where VXX,VYY, and VZZ are the components of the electric
field gradient expressed in its principal axis system (PAS) with
|VZZ| > |VXX| > |VYY|. The electron charge is e, and h is Planck’s
constant. Note that only the absolute value of CQ is accessible
by experiment. In the case of 27Al nuclei in aluminosilicate materials, the chemical shift anisotropy is generally small and can
be neglected. Then, only the isotropic chemical shift and the
quadrupolar coupling parameters are relevant.
The first 29Si and 27Al NMR spectra of kaolinite were acquired
30 years ago (Barron et al. 1983; Meinhold et al. 1985; Watanabe
et al. 1987; Lambert et al. 1989). Although the existence of the
two Si inequivalent sites in the 29Si NMR spectrum was proved

