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ABSTRACT
The microscopic behavior of the Ca-zeolite yugawaralite has been studied by ab initio molecular
dynamics simulations adopting experimental cell parameters obtained at pressures up to ∼9 GPa.
Pressure-induced volume contraction occurs via rotations of quasi-rigid TO4 tetrahedra that reduce
the size of the channels in which the extra-framework species are located. Such rotations are governed
by deformation of the coordination polyhedron of Ca, which is made up of water and framework O
atoms. Contraction of the Ca-H2O distances is favored at moderate pressure; at higher pressure the
shortening of Ca-framework O atom distances becomes prevalent. The hydrogen bond network plays
a fundamental role in the overall response to pressure. Our results indicate that the high-P-induced
deformation of the framework structure is strictly correlated to the extra-framework species that act
as “templates” in the compression process.

INTRODUCTION
Studies performed on the high-pressure (high-P) behavior
of zeolites using non-penetrating pressure-transmitting media
demonstrated that the compressibility of the zeolites studied to
date is not only related to the framework density and topology,
but is also affected by the type, amount, and location of the extraframework species (Arletti et al. 2003; Gatta et al. 2003a, and
references cited therein). Moreover, the bulk modulus and the
ßexibility shown by framework microporous silicates show more
complex behavior than that predicted by the “rigid-unit modes”
theory (Dove et al. 1995, 2000; Hammonds et al. 1997, 1998).
Recent combined experimental-computational studies of the
high-P behavior of scolecite and bikitaite indicate that zeolitic
water plays a relevant role in the overall response of the zeolite
framework to pressure.
The high-P deformation mechanism in scolecite (Ballone et al.
2002; Comodi et al. 2002) is based on the rotation of the tetrahedral
chains parallel to c and the consequent compression of the channels. In addition, the formation of a strong water-water hydrogen
bond, accompanied by the rotation of a water molecule of about
90º, was observed. Upon high-volume reduction, this inter-water
bond remains the most stable and the best deÞned hydrogen bond
in the system, while a few other transformations in the hydrogen
bonding conÞguration were observed. This restructuring of the
water-hydrogen bonding system was identiÞed by the authors as
the driving force for the transition undergone by scolecite under
pressure and as a crucial feature affecting the channel geometry
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and the cell volume.
The effect of the extra-framework content on the compressibility of the Þbrous zeolites scolecite and edingtonite was also
discussed by Gatta et al. (2003a,b, 2004). The authors underlined
the high bulk modulus values of the Ca- and Ba-polyhedron [73(5)
and 72(5) GPa, respectively] with respect to the bulk modulii of
the zeolite structures as a whole.
The peculiar aspect of bikitaite (Ferro et al. 2002), i.e., the
presence of a “ßoating” one-dimensional water chain, is only
partially maintained at high-P; the compression brings framework O atoms close enough to water hydrogen atoms to allow
the formation of host-guest hydrogen bonds, without, however,
destroying the one-dimensional chain. The volume decrease
with pressure is achieved by rotation of the tetrahedral units.
This rotation occurs in such a way as to Þll spaces characterized
by the lowest electronic densities, i.e., spaces with low extraframework species content.
The effects of different extra-framework cationic species
on the compressibility of the synthetic zeolites Li-, NaCs-, and
Cd-RHO in centric and acentric forms were studied by Lee et
al. (2001). Cation-speciÞc pressure responses were observed,
made even more complex by sorption mechanisms due to the
use of partially penetrating P-transmitting media. Moreover, an
important role was attributed to the type of guest species (charge
balancing cations or template molecules) in the reversibility of
the pressure-induced amorphization of clathrasils (Tse et al.
1992) and of cation-exchanged LTA zeolites (Huang and Havenga 2001). In particular, it has been proposed that these guest
species can act as “organizing centers” favoring reversibility of
the amorphization process.

