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INTRODUCTION

In our studies of minerals with four-coordinated lithium and
well-determined crystal structures to be used as reference ma-
terials for the 7Li NMR spectroscopy of newly synthesized
microporous lithosilicates (Park et al. 2000), we encountered
α-eucryptite (LiAlSiO4). Its structure had been predicted by
Winkler (1953) and determined by Hesse (1985). According to
the latter α-eucryptite is isostructural with phenakite (Be2SiO4)
and willemite (Zn2SiO4), with Li occupying the Si positions
and Si and Al on the Be positions of the phenakite structure.
Each LiO4-, SiO4-, and AlO4-tetrahedron is connected to eight
other tetrahedra via shared vertex oxygen atoms, thus forming
channels running parallel to [0001]. These channels appear as
six-membered rings in a projection along [0001]. The connec-
tion among these channels creates another set of smaller chan-
nels appearing as four-membered rings in a projection along
[0001]. With X-ray diffraction experiments the distribution of
Si and Al over the tetrahedral sites of α-eucryptite has been
found to be either completely disordered or ordered only on a
microdomain scale that is inaccessible by X-ray diffraction
methods. Consequently, Hesse (1985) chose space group R3

–
 to

describe the symmetry of α-eucryptite with three symmetri-
cally non-equivalent tetrahedral sites of which one is solely
occupied by Li and the other two are occupied by both Si and
Al.

We obtained a 29Si MAS NMR spectrum of a natural sample
taken from a lithium-rich pegmatite from Bikita, Zimbabwe
(Hurlbut 1957), containing α-eucryptite as the major phase.

This spectrum did not support the presence of Al-Si disorder
and suggested a perfectly ordered structure in contrast to ear-
lier assumptions (Hesse 1985). Since Al-Si ordering affects the
Gibbs free energy of a phase, the question as to whether there
is an ordered or a disordered Al-Si arrangement may be of some
importance for thermodynamic investigations in respective
petrological systems (Fasshauer et al. 1998). Consequently, we
have re-examined the crystal structure of α-eucryptite by us-
ing both X-ray diffraction methods and NMR spectroscopy.

 SAMPLE DESCRIPTION

Three samples of α-eucryptite were investigated. The first
one originated from a pegmatite at Bikita, Zimbabwe, a local-
ity described by Hurlblut (1957). The second natural sample
was from a Siberian pegmatite at Vishnjakovskoje described
by Lugovskiy et al. (1977). Both these samples were taken from
larger pieces of the collection of the institute for mineralogy at
Ruhr-University Bochum, Germany. The third α-eucryptite
sample was synthesized by Fasshauer (1998) by hydrothermal
treatment of a gel of appropriate composition. The chemical
compositions of all three samples were assumed to be stoichio-
metric. The synthetic (Fasshauer 1998) as well as the natural
sample from Bikita (Hesse 1985) were previously analyzed by
electron microprobe showing that their Al-Si ratios are practi-
cally unity. The chemical composition of the Siberian sample
as published by Lugovskiy et al. (1977) lies a little further off
the ideal values, but the sample analyzed was contaminated by
phases other than α-eucryptite.

Besides α-eucryptite, both natural samples contained quartz
as the second major component. The Bikita sample addition-
ally contained some spodumene, which disappeared upon heat-
ing to 1000 °C; after cooling only β-eucryptite, quartz, and some
amorphous material remain. According to X-ray powder
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ABSTRACT

The crystal structure of α-eucryptite, LiAlSiO4, is reinvestigated by combining 29Si NMR spec-
troscopy and single-crystal X-ray diffraction. The silicon coordination in α-eucryptite of three dif-
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