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INTRODUCTION

An important goal of research in mineral physics is the un-
derstanding of the physical and thermodynamic properties of
minerals at the atomistic basis. A detailed knowledge of the
nature of chemical bonding in these minerals is fundamental to
these objectives. The three polymorphs of Al2SiO5: andalusite
(orthorhombic, Pnnm), sillimanite (orthorhombic, Pbnm), and
kyanite (triclinic, P1

–
) serve as important indicators of the pres-

sure and temperature conditions during the regional metamor-
phism of pelitic rocks. Consequently, their physical and
thermodynamic properties have been studied extensively
(Kerrick 1990). The Al2SiO5 system provides an interesting
challenge, because the differences in the stability relations of
the three polymorphs critically depend on the differences in
the chemical bonding in half of their Al-coordinations; five-
fold (trigonal bipyramidal) in andalusite stable at low P and T,
fourfold (tetrahedral) in sillimanite stable at low P and high T,
and sixfold (octahedral) in kyanite stable at high P and T. The
other half of the Al atoms in each of the three polymorphs is in
sixfold (octahedral) coordination, whereas the Si atoms are all
in fourfold (tetrahedral) coordination (for structural details see
Winter and Ghose 1979). Thanks to the recent improvements
in the X-ray diffraction technology and data processing, such
as, intense X-ray sources, charge coupled device (CCD) detec-
tors, fast computers, new methodologies and software, it is now
possible to determine the electron density distributions in min-
eral type compounds very accurately, from which the electric
field gradient (EFG) tensors at the atomic sites, arising from
the non-spherical charge distribution due to the surrounding
ions, can be estimated. In crystals containing nuclei (with
nuclear spin, I > 1/2) that possess electric quadrupole moments,
Q, the quadrupole coupling tensors (QCT), resulting from an

interaction of the quadrupole moment with the charge gradient
at the nuclear site, can be very accurately measured by nuclear
magnetic resonance (NMR) and nuclear quadrupole resonance
(NQR) techniques. Because the electric quadrupole moments
of the nuclei are well known, the EFG components at the nuclear
sites may be easily derived from NMR and NQR measurements
and compared with those calculated from the electron density
distribution determined either experimentally by single-crys-
tal X-ray diffraction or theoretically by ab-initio quantum me-
chanical calculations. 27Al with a 100% natural abundance and
a nuclear spin, I = 5/2 is a good candidate for NMR studies and
consequently, the quadrupole coupling tensors at the Al-sites
in a large number of Al-bearing oxides and silicates have been
reported (Ghose and Tsang 1973). Because the quadrupole cou-
pling tensors at the Al-sites in aluminosilicates can be mea-
sured very accurately by single-crystal 27Al NMR experiments,
they serve as very stringent tests of the accuracy of the elec-
tron density distributions, determined either experimentally by
X-ray diffraction or theoretically by ab-initio quantum mechani-
cal calculations. Only when such stringent criteria are satis-
fied, one can with confidence derive physically meaningful
conclusions about the detailed differences in the chemical bond-
ing in these minerals using the bond critical properties (Bader
1990; see also Coppens 1997). Although numerous studies of
electron densities and properties derived therefrom in a variety
of chemical compounds exist in the literature (Coppens 1997),
not many comparisons of the EFG components derived from
NMR and X-ray measurements on minerals are known. From
single crystal 27Al NMR spectra, the electric quadrupole cou-
pling tensors at the different Al-sites have been measured in
andalusite (Hafner et al. 1970; Bryant et al. 1999), sillimanite
(Raymond and Hafner 1970) and kyanite (Hafner and Raymond
1967) and by MAS NMR in all three polymorphs (Alemany et
al. 1991). Recently, the EFG tensors at the different Al-sites* E-mail: ghose@u.washington.edu
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ABSTRACT

High-resolution single-crystal X-ray diffraction intensities recorded with a charge-coupled de-
vice detector at low temperature (100 K) were used to derive the electron density distribution in
three Al2SiO5 polymorphs: andalusite, sillimanite, and kyanite. The 27Al nuclear quadrupole cou-
pling tensors were estimated from both the internal polarization contribution of the Al electron den-
sity and that of the lattice with electronic multipoles up to octupoles for oxygen atoms and
hexadecapoles for Si and Al. Based on new estimations of the 27Al Sternheimer shielding factor, R
and the antishielding factor, γ, a close agreement was achieved between the quadrupole coupling
tensors at the various Al-sites derived from the X-ray diffraction data for all three polymorphs of
Al2SiO5 with those determined previously from single-crystal 27Al NMR spectra.


