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High-temperature multi-nuclear NMR investigation of analcime
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ABSTRACT

Two analcimes of hydrothermal and diagenetic origin were investigated by in situ 29Si,
27Al, and 23Na NMR from room temperature to 550 8C, and by TGA and DSC. The two
samples dehydrate at different temperatures, and the high-temperature NMR behavior is
closely related to the dehydration. The diagenetic analcime (CR-6) has higher surface area,
and thus its dehydration starts and is completed at lower temperatures than the hydrother-
mal analcime (Hilaire). The 29Si chemical shifts and 27Al peak maxima become first more
shielded and then less shielded with increasing temperature and are related to changes in
the Si-O-Si and Si-O-Al bond angles caused by thermal expansion, distortion of framework
due to H2O loss at high temperature, and the decreased bond length caused by rigid unit
modes (RUMs). Changes in the 27Al NMR peak widths are also correlated to H2O loss at
high temperature and are due to the increased mobilities of H2O and Na. Paramagnetic
impurities and motion of H2O and Na play important roles in the T1 relaxation of 27Al.
The 23Na NMR peak maxima become first more negative and then less negative with
increasing temperature, with the most negative values occurring near the temperature of
maximum H2O loss. The 23Na peak width decreases, increases, and then again decreases
with increasing temperature. These results are best interpreted as due to Na undergoing
exchange between the 24(c) Na sites and other sites, possibly the 16(b) H2O sites, com-
bined with collapse of the cages. The less negative 23Na peak and increasing and then
decreasing 23Na peak widths at high temperature are due to the effects of motional aver-
aging of the intensity due to the (6½, 3⁄2) satellite transitions.

INTRODUCTION

Analcime (NaAlSi2O6·H2O) is the smallest-pore zeolite
and occurs widely in hydrothermal and diagenetic envi-
ronments (Gottardi and Galli 1985). Hydrothermal anal-
cimes normally have a composition very close to the stoi-
chiometric formula (Si/Al 5 2), but sedimentary
analcimes have Si/Al ranging from 2 to 3 (Gottardi and
Galli 1985).

The cation and H2O mobilities in the analcime cages
are low for a zeolite, and thus it is a possible candidate
for the storage of radioactive waste (Dyer and Molyneux
1968; Dyer and Yusof 1987 1989; Todorović et al. 1987a,
1987b; Garney 1992). Thus, study of the high-tempera-
ture structural and dynamic behavior of Na in analcime
and their relationships to H2O content is of both geolog-
ical and technological importance. This paper presents the
results of an investigation of analcime that combines
high-temperature 29Si, 27Al, and 23Na nuclear magnetic
resonance spectroscopy (NMR), thermogravimetric anal-
ysis (TGA), and differential scanning calorimetry (DSC),
focusing on the changes in the aluminosilicate framework
and the local environments and mobility of Na.

The crystal structure of analcime was one of the first
zeolites to be determined (Taylor 1930), and it has been
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refined many times since (Knowles et al. 1965; Ferraris
et al. 1972; Mazzi and Galli 1978). Its ideal crystal struc-
ture is composed of 16 formula units in a cubic unit cell
(space group Ia3d), with a random distribution of 16 Al
and 32 Si atoms on the 48(g) tetrahedral positions and a
random distribution of 16 Na atoms on the 24(c) channel
positions. Framework O atoms are in 96(h) general po-
sitions, and the O atoms of the H2O molecules are in
16(b) channel positions. Framework O atoms are shared
between linked (Si,Al) tetrahedra to form an aluminosil-
icate framework composed of rings of six and four tet-
rahedra. The H2O molecules are confined to channels
within this framework, and the Na ions are coordinated
by four framework O atoms and two H2O molecules. As
the silica content increases, the Na content decreases, and
there is a concurrent linear increase in the number of H2O
molecules (Breck 1984). This structure is similar to that
of leucite (KAlSi2O6), which is tetragonal with space
group I41/a at room temperature (Mazzi et al. 1976; Hell-
ner and Koch 1979). The only difference is that the larger
K atoms in leucite occupy the H2O 16(b) positions of
analcime, instead of the Na 24(c) positions.

There have been few NMR studies of analcime, and
only 29Si NMR spectra have been reported (Murdoch et
al. 1988; Phillips and Kirkpatrick 1994; Kohn et al.
1995). The published room temperature results are fully


