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ABSTRACT
Elastic behavior and high-pressure (HP) structural evolution of a natural zeolite levyne,
(Ca0.5,Na,K)6(Al6Si12O36)⋅18H2O, has been investigated up to 5 GPa by means of in situ single-crystal
X-ray diffraction with a diamond-anvil cell using a non-penetrating pressure-transmitting medium.
Peculiar elastic behavior has been observed in the range 0–1 GPa: the c parameter decreases between
0 and 0.2 GPa, then increases up to 0.5–0.6 GPa. Above this P-value, the parameter decreases as
expected. Anomalous behavior is also shown by the a-parameter, which Þrst increases up to 0.2 GPa,
then decreases as expected. However, these anomalous lattice variations are only slightly reßected
in the cell volume behavior. The low-P trend (P < 1 GPa) is also followed by the lattice parameters
in decompression. The isothermal Equation-of-State (EoS) at P > 1 GPa, reÞned with a second-order
Birch-Murnaghan EoS, yields the following parameters: V0 = 3539(3) Å3 and KT0 = 48(1) GPa. Comparison of structural reÞnements performed at 0.0001, 0.79(5), and 3.00(5) GPa highlights two distinct
deformation mechanisms of the Si/Al-framework, one predominant at low pressures (0–1 GPa) and
the other at high pressures (1–5 GPa).
The extra-framework content does not show any evident modiÞcation within the pressure range
investigated.

INTRODUCTION
Levyne is an uncommon zeolite with ideal chemical formula
(Ca0.5,Na,K)6(Al6Si12O36)⋅18H2O, found as a hydrothermal mineral
in vugs in massive volcanic rocks (Gottardi and Galli 1985; Armbruster and Gunter 2001). The synthetic Si/Al/P-counterparts of
levyne, SAPO-35 (Lok et al. 1984) and AlPO-35 (Zhu et al. 1997),
have many technological applications as molecular sieves.
The crystal structure of levyne was Þrst reÞned by Merlino et
al. (1975) on the basis of the framework model previously proposed by Barrer and Kerr (1959). The framework of this zeolite
can be described as a sequence of six-membered double rings and
six-membered single rings (Figs. 1a and 1b), which build up the
so-called “levyne-cage” and is characterized by the presence of
three equivalent channel systems perpendicular to the threefold
axis, conÞned by eight-membered rings (free diameters ∼3.6 ×
4.8 Å, Fig. 1b). The six-membered single ring represents the
“secondary building unit” (SBU) of this framework type (SBU
code: 6; Baerlocher et al. 2001). The topological symmetry is
–
R3m and corresponds to the general symmetry of the crystal
structure. The “framework density” of levyne is very low: 15.2
tetrahedra/1000 Å3 (Baerlocher et al. 2001). The extra-framework
content, represented by Ca, Na, K and water molecules, lies in
the cages. At least Þve independent cation sites (C1, C2, C3, C4,
C5, according to Merlino et al. 1975) have been located.
The crystal chemistry of levyne has been investigated by
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several authors (Sheppard et al. 1974; Wise and Tschernich 1976;
Galli et al. 1981; Tuoto et al. 1998; Passaglia et al. 1999). Galli
et al. (1981), on the basis of chemical analyses and cell parameters for 26 samples from several localities, showed an almost
constant Si/(Si + Al) ratio (0.62–0.70) and a small amount of Ba
and Sr present with Na, K, and Ca. An interesting remark was
reported about the relationship between the amount of Na and
the cell parameters: Na-rich levynes have longer a and shorter
c parameters than Ca-rich levynes. The Commission of the
International Mineralogical Association distinguishes between
Na-levyne and Ca-levyne, deÞning a “levyne series” (Coombs
et al. 1997). Sacerdoti (1996) provided structural reÞnements of
several twinned samples previously studied by Galli et al. (1981).
The most common morphology of levyne crystals is {001} lamellae twinned by 180º mutual rotation of two individuals around the
[001] axis and with a (001) contact plane, simulating P6/mmm
symmetry. Sacerdoti (1996) reported an extremely variable extra-framework content of the samples investigated, and showed
that some partially occupied water molecule and cation sites
are present only in some samples. On the basis of the structural
data, the author reported that there is only a partial indication of
tetrahedral Si-Al ordering.
The thermal behavior of a natural levyne was investigated by
Gottardi and Galli (1985). The thermal curves (thermogravimetric = TG, differential thermal analysis = DTA) show water losses
at 70, 180, and 300 ºC. However, no structural data on natural
levynes at high-temperature are available and the dehydration
mechanism is only now under investigation by means of in situ
HT-single crystal diffraction at the University of Perugia, Italy.

