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 INTRODUCTION

Zeolites are low-density silicates that occur as minerals, but
are also important synthetic materials. They are used as cata-
lysts, selective sorbers, and ionic exchangers. These applica-
tions are based on their structure, which consists of an
aluminosilicate framework with cavities and channels of vari-
ous sizes and hosts cations and water molecules.

Industrial applications of zeolites depend on their thermal
stability and temperature-induced phase transformations, which
consequently have been the subject of extensive and system-
atic investigations (Bish 1995; Alberti and Vezzalini 1984). On
the other hand, the effect of pressure on these framework sili-
cates has been largely neglected up to now, and only a few
quantitative determinations of the cell parameters, crystal struc-
ture, and properties of pressure-induced polymorphic phases
have been reported in the literature (Hazen and Finger 1979,
1984; Velde and Besson 1981; Hazen 1983; Belitsky et al. 1992;
Gillet et al. 1996; Goryainov et al. 1996, 1999; Huang 1998;
Bazhan et al. 1999; Secco and Huang 1999; Comodi et al. 2001;

Lee et al. 2002; Vezzalini et al. 2001). It is nevertheless appar-
ent that pressure can induce important structural changes and
profound modifications in the physical properties of zeolites
that, in turn, could result in new specific applications. At lower
pressure these effects result mainly from the deformation of
the cavities or from the rearrangement and enhanced mobility
of the extra-framework species. The presence in zeolites of open
cavities and channels allows the detailed study of these effects
using both penetrating and non-penetrating pressure-transmit-
ting media, as shown in previous studies of structural effects
of pressure on natrolite and edingtonite (Belitsky et al. 1992)
and on zeolite A (Hazen and Finger 1984). At high pressure
(HP), the compression of these micro-porous materials often
induces disorder in the framework structure, and it has been
shown that structural order can be partially (hydrated zeolite
Na-A: Secco and Huang 1999) or completely (heulandite:
Vezzalini et al. 2001; Na-Y and Li-A: Huang 1998) recovered
on the release of pressure, or completely lost (wairakite:
Goryainov et al. 1996, 1999). The relevance of these effects
for industrial applications has been demonstrated by Secco and
Huang (1999) for zeolite Na-A, in which the progressive struc-
tural disordering under pressure (up to 1.8 GPa) gives rise to
an anomalous increase of the ionic conductivity. The residual* E-mail: giovanna@unimo.it
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ABSTRACT

Pressure-induced structural modifications in scolecite were studied by means of in situ synchro-
tron X-ray powder diffraction and density functional computations. The experimental cell param-
eters were refined up to 8.5 GPa.  Discontinuities in the slope of the unit-cell parameters vs. pressure
dependence were observed; as a consequence, an increase in the slope of the linear pressure-volume
dependence is observed at about 6 GPa, suggesting an enhanced compressibility at higher pressures.
Weakening and broadening of the diffraction peaks reveals increasing structural disorder with pres-
sure, preventing refinement of the lattice parameters above 8.5 GPa. Diffraction patterns collected
during decompression show that the disorder is irreversible. Atomic coordinates within unit cells of
different dimensions were determined by means of Car-Parrinello simulations. The discontinuous
rise in compressibility at about 6 GPa is reproduced by the computation, allowing us to attribute it to
re-organization of the hydrogen bonding network, with the formation of water dimers. Moreover we
found that, with increasing pressure, the tetrahedral chains parallel to c rotate along their elongation
axis and display an increasing twisting along a direction perpendicular to c. At the same time, we
observed the compression of the channels. We discuss the modification of the Ca polyhedra under
pressure, and the increase in coordination number (from 4 to 5) of one of the two Al atoms, resulting
from the approach of a water molecule. We speculate that this last transformation triggers the irre-
versible disordering of the system.


