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MAS NMR study of pentacoordinated magnesium in grandidierite
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ABSTRACT
The 11.7 T Mg, Al, Si, and B MAS NMR spectra are reported for well-characterized grandidierite, (Mg,Fe)Al3SiBO9, which contains both Al and Mg in fivefold coordination with oxygen. The 25Mg spectrum is the first to be reported for 5Mg, and exhibits
a quadrupolar lineshape from which the nuclear quadrupolar coupling constant (3.8 6 0.1
MHz), the asymmetry parameter (0.6 6 0.05), and the isotropic chemical shift (55 6 2
ppm) were derived by spectral simulation. These spectroscopic parameters are discussed
in terms of the crystallographic geometry of the fivefold-coordinated site.
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INTRODUCTION
Grandidierite, (Mg,Fe)Al3SiBO9, is an unusual magnesium aluminum borosilicate that holds considerable interest for crystallographers and spectroscopists because it
contains both Mg and Al in fivefold coordination. Its
structure consists of edge-sharing AlO6 chains running
parallel to the c axis, joined along the a axis by BO3 and
AlO5 units and along the b axis by MgO5 and SiO4 units
(Stephenson and Moore 1968).
MAS NMR has been used by Smith and Steuernagel
(1992) to investigate the fivefold-coordinated Al site in
grandidierite. The 29Si and 11B spectra have also been reported by these authors, but the 25Mg spectrum arising
from the highly unusual fivefold-coordinated Mg site has
not been reported.
In a survey study of the 25Mg spectra of several minerals and related inorganic materials containing mostly
octahedral Mg in sites of varying distortion, MacKenzie
and Meinhold (1994a) recorded isotropic chemical shifts
ranging from 24–80 ppm; the shifts of the spectra that
could be most reliably simulated ranged from about 5–
14 ppm, with the sharp resonance from the highly symmetrical octahedral site in periclase appearing at 26.5
ppm. Fewer examples of the 25Mg spectra arising from
tetrahedral Mg sites are known; a single resonance reported by Dupree and Smith (1988) at 52 ppm in the 25Mg
spectrum of MgAl2O4 has been attributed to fourfold-coordinated Mg, and on this basis, resonances at 45–79 ppm
in the 25Mg spectra of MgSiN2 and MgAlSiN3 have likewise been attributed to fourfold-coordinated Mg
(MacKenzie and Meinhold 1994b). Fiske and Stebbins
(1994) reported isotropic 25Mg chemical shifts of 8 and
49 ppm, corresponding to sixfold and fourfold coordination in diopside (CaMgSi2 O6 ), and akermanite
(Ca2MgSi2O7), respectively, from which they deduced
that 25Mg shifts of 29 to 34 ppm observed in molten so* Present address: 27 Korimako Road, Day’s Bay, Lower Hutt,
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dium magnesium silicate at 1110–1370 8C might represent an average coordination of about five.
The present work reports the first solid-state 25Mg MAS
NMR natural abundance spectrum of a crystallographically well defined fivefold-coordinated Mg site in the
mineral grandidierite.

EXPERIMENTAL

METHODS

The grandidierite, from the mineral collection of Kiel
University, originated from southern Madagascar; this is
the type locality and was also the origin of the samples
used in previous studies (McKie 1965; Stephenson and
Moore 1968; Smith and Steuernagel 1992). The X-ray
powder diffraction pattern of the very pale bluish sample
contains all the lines recorded by McKie (1965), which
also agree with a more complete powder pattern calculated from the crystal structure of Stephenson and Moore
(1968) using the computer program POWDER CELL version 1.8 (Kraus and Nolze 1996). No additional phases
were detectable by X-ray powder diffraction.
The room-temperature MAS NMR spectra were obtained at 11.7 T using a Varian Unity 500 spectrometer
and a high-speed 5 mm Doty probe operating at a computer-controlled rotor speed of 10 kHz. The 25Mg spectra
were acquired using both Hahn spin echo and Bloch decay pulse sequences. The Hahn spin echo sequence utilized 16-step phase cycling (Kunwar et al. 1986) with a
refocusing interval of 100 ms to coincide with the 10 kHz
sample-spinning speed. The Bloch decay sequence involved 3 ms pulse, recycle delay of 0.1 s, and a 90 ms
ringdown delay before acquisition; spectra were processed by shifting the free-induction decay (FID) two
points to the left. Shifts were referenced to 1 M aqueous
MgSO4, shown in separate experiments to be comparable
within 0.2 ppm to the saturated MgSO4 solution (MacKenzie and Meinhold 1994a) and to other aqueous references [1 M Mg(NO3)2 and 1 M MgCl2].
For comparison with the previous NMR study of Smith
and Steuernagel (1992), 27Al, 29Si, and 11B MAS NMR

479

