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Abstract
The modification of natural zeolites via ion exchange is an efficient technique used to improve
their performances and tune their properties for specific applications. In this study, a natural levyneCa intergrown with erionite was fully exchanged by Ag+ and its structure [with idealized chemical
composition Ag6(Si,Al)18O36·18H2O] was investigated by combining a theoretical and experimental
approach. Single-crystal X-ray diffraction data demonstrated that Ag-levyne maintained the R3m space
group, characteristic of the natural levyne. Ag ions distribute over partially occupied sites along the
threefold axis and, differently from the pristine material, at the wall of the 8-membered ring window
of the lev cavity. The lack of ~30% of Ag ions that could not be located by the structural refinement
is ascribed to the strong disorder of the extraframework occupants. The structural results obtained by
Molecular Dynamics simulations are in overall agreement with the experimental data and showed
that, on average, Ag+ is surrounded by ~2 H2O and 1 framework oxygen at distances between 2.43
and 2.6 Å. Molecular Dynamics trajectories indicate that the occurrence of silver inside the D6R cage
depends on the water content: silver occupancy of D6R cages is estimated to be 83, 30, and 0% when
the structure contains 3, 2.5, and 2 H2O per Ag ion, respectively.
The cation-exchange process, as demonstrated by scanning electron microscopy and energydispersive spectroscopy (SEM-EDS) spectrometry, affects the intergrown erionite as well. A structural
characterization of the Ag-erionite phase (with dimension <100 μm) was possible by means of a CuKα
micro-focus source: structure solution pointed to P63/mmc space group, indicating no change with
respect to natural erionite. In agreement with previous studies, K ions in the cancrinite cage could not
be exchanged, whereas Ag+ is found in the eri cavity.
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Introduction
The mineral series levyne, comprising levyne-Ca and levyneNa, belongs to the zeolites group. The crystal structure of these
minerals is described by a three-dimensional aluminosilicate
tetrahedral framework in which charge compensating alkali
and/or alkaline earth cations and H2O occupy the structural voids.
Due to their microporous structure, zeolite minerals show interesting properties such as cation exchange, adsorption, reversible
hydration/dehydration and the capacity of acting as molecular
sieves (Bish and Ming 2001). For this reason, they are successfully applied for a broad range of applications, and, in particular,
in environmental remediation processes (treatment of radioactive
wastewater and remediation of contaminated sites) (Colella 1999;
Babel and Kurniawan 2003; Borai et al. 2009; Misaelides 2011;
Wang and Peng 2010). Compared to their synthetic counterpart,
natural zeolites typically show greater thermal stability and better
resistance to acid environments (Ackley et al. 2003). Rich opportunities for technological applications, abundance in nature, and
low mining costs motivates research on structural and chemical
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properties of natural zeolites in various scientific disciplines.
LEV-type zeolites are of interest because, despite their small
pore openings, they show large micropore volume (0.3 cm3/g)
(Yamamoto et al. 2010). Thus, several phases with LEV topology have also been synthesized (Flanigen et al. 1986; Lock et al.
1984; Zhu et al. 1997) and Ca-LEV was suggested as potential
hydrogen-storage medium (Liang et al. 2012).
The naturally occurring levyne belongs to the so-called
ABC-6 family of natural zeolites (Gottardi and Galli 1985). The
LEV framework type of levyne is characterized by a sequence
of single six-membered rings (6mR) and double six-membered
rings (D6R) of tetrahedra stacked along the c axis following the
AABCCABBCAA sequence. This sequence originates columns
along [001] of cavities [496583] (lev cavity), which alternates
with double six-ring [4662] polyhedra. Two dimensionally interconnected channels confined by eight-membered rings run
perpendicular to [001]. The crystal structure at room temperature
is described in R3m space group (Merlino et al. 1975; Sacerdoti
1996). Natural crystals of levyne are often twinned by 180° rotation along the c axis simulating P6/mmm symmetry (Sacerdoti
1996). Moreover, intergrowths with erionite/offretite, two other
zeolites pertaining to the ABC-6 family, have been frequently
reported in natural occurring levyne (Shimazu and Mizota 1972;
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