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ABSTRACT

Static and 23Na MAS and 1H MAS NMR experiments at temperatures down to 100 K as well as
high temperature static and 23Na MAS NMR experiments up to 873 K were carried out to study the
dynamics of the sodium cation in nitrate cancrinite. In addition, X-ray powder data were recorded at
296 K and 673 K to obtain information about long-range order changes in the structure. Low tem-
perature 23Na NMR experiments show almost no change in signal, whereas the 1H MAS NMR spec-
tra show the freezing of cage water motion. The two different crystallographic sodium sites cannot
be distinguished in the 23Na MAS NMR spectra at low and room temperature. In contrast, two 23Na
NMR signals exist at high temperatures above 673 K, a quadrupolar pattern and a Lorentzian signal.
Rietveld structure refinements of powders show no change in the local environment of sodium. The
strong quadrupolar coupling results from the loss of cage water and the near planar O atom coordi-
nation of Na in the ε-cage, while the interaction of Na+ in the channel remains similar. Thus the
change in quadrupolar interaction is mainly caused by the absence of electrostatic shielding of cage
water after dehydration.

INTRODUCTION

Cancrinite belongs to the group of tectosilicates and is found
in nature with the ideal chemical composition Na6Ca
(AlSiO4)6CO3·2H2O (Strunz 1978). Because cancrinite is a type
of feldspathoid, its crystal structure resembles those of the zeo-
lites, where sodium and calcium cations, carbonate anions, and
water molecules can be regarded as the guest components in a
three-dimensional aluminosilicate host framework. Through
synthesis of cancrinite, different anions can also be introduced
into the structure cavities, e.g., nitrate, thiosulphate, sulfate,
and sulfite, and even selenide that replaces carbonate (Lindner
et al. 1996).

Previous investigations of crystallization kinetics and struc-
tural characterization of cancrinite are few. The first hydro-
thermal carbonate cancrinite crystallization studies were carried
out by Wyart and Michel-Levy (1949). Barrer and White (1952)
and Jarchow et al. (1966) both succeeded in producing small
single crystals of cancrinite, containing carbonate.

The structure of natural (Ca, Na)CO3-cancrinite was refined
by Jarchow in 1965. The periodic arrangement of small ε-cages
in this hexagonal structure (space group P63) forms one-dimen-
sional linear channels along the crystallographic c axis, whose
access openings have the shape of a 12-membered ring.

Barrer et al. (1970) carried out structure investigations on
synthetic nitrate cancrinite using X-ray powder data. Neutron
diffraction results were obtained by Kanepit and Rider (1995)

from a proton-containing carbonate cancrinite and by Nadezhina
et al. (1991) from a carbonate-poor basic cancrinite. The loca-
tion of the template within the framework has been a topic of
much discussion. Most authors localized the template anion
only within the channel (Jarchow 1965), or refined it in split
positions (Grundy and Hassan 1982), while Barrer et al. (1970)
also found a nitrate position in the ε-cage.

Compared with the numerous structural investigations little
application-oriented work on cancrinites exists. It is known that
the channels in cancrinite are blocked by inorganic guest an-
ions, so that the usable zeolitic crystal properties for technical
applications, a “free passage through the open structure,” are
missing (Barrer et al. 1970). Attempts to remove the guest com-
ponents by annealing processes and thermal treatment have
failed, since decomposition is accompanied by the destruction
of the framework (Buhl 1991). Hence structural data about
framework expansion as well as template and cation dynamics
at high temperatures is scare. Hassan (1996) assumed from lat-
tice parameter determinations at various temperatures and dif-
ferential thermogravimetry that the expansion of the framework
is mainly caused by a shift of Na cations into the six-mem-
bered ring plane of the ε-cage, due to electrostatic rejection of
the cations, following evaporation of the cage water that previ-
ously shielded the sodium.

23Na MAS NMR spectroscopy is an ideal tool for studying
the dynamics of the sodium cations and for detecting the change
of the local environment of the observed nucleus. At room tem-
perature, it is impossible to resolve both crystallographic so-
dium sites in 23Na MAS NMR spectra. Thus we carried out
23Na static and MAS NMR experiments at low and high tem-
peratures, and low-temperature 1H MAS NMR experiments, to
obtain information about coordination change of Na and the rea-


