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Introduction
The behavior of water confined to spaces of nanoscopic dimensions is an important issue in
many areas of science and technology [1]. The special situations in which the confining substrates
are hydrophobic have attracted great interest in the past decade [2]. The confinement of water
molecules inside the cavities of high silica zeolites can be obtained under pressure using an aqueous
solution as pressure transmitting medium.
The high-pressure studies performed on zeolites using pore penetrating aqueous solutions, as
P-transmitting media, demonstrated the so called Pressure-Induced Hydration effect (PIH), an
interesting phenomenon in which the water content inside the zeolite cavities increases (“overhydration”)
in response to the applied pressure, through selective sorption of H2O molecules from
the P-medium [see 3 for a review].
Recently, a number of studies on water intrusion – extrusion on all-silica hydrophobic
zeolites showed that these phases can be hydrated by the application of even moderate pressure (~
0.1 GPa) [4,5]. However a structural characterization of the water-loaded systems is still lacking.
In this paper the HP-behavior of an all-silica ferrierite (s.g Pnnm, a=14.0690(8) Ǻ, b=
7.4177(3) Ǻ, c= 18.708(1) Ǻ, V = 1952.3(2) Ǻ3, compressed with two different aqueous media, is
presented and the structural features of the HP-hydrated phase are discussed.
Experimental
The all–silica ferrierite was synthesized following the procedure reported by Rakoczy et al.
[6]. The HP SR-XRPD experiment was performed at the BM01 beam line (European Synchrotron
Radiation Facilities, Grenoble, France) with a fixed wavelength of 0.697 Ǻ and an image plate
detector, using modified Merril-Bassett DACs. Pressure was calibrated using the ruby fluorescence
method on the non-linear hydrostatic pressure scale.
Two different experiments were performed: 1) using a mixture of methanol-ethanol-water
(m.e.w.) in 16:3:1 ratio from Pamb to 8 GPa ; 2) using a mixture ethanol-water (e.w.) in 1:3 ratio
from Pamb to 1.7 GPa (the low pressure reached is due to ice crystallization). One-dimensional
diffraction patterns were obtained by integrating the two dimensional images.
Structural refinements were performed by Rietveld profile fitting up to 1 GPa in e.w. and up
to at 0.2 GPa in m.e.w. (the data quality of the higher pressure patterns being too low for
refinement). The cell parameters were refined for the whole investigated pressure range in both
experiments.
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Results and discussion
Figure 1 shows the variations of the cell parameters as a function of pressure for the two Ptransmitting
media. The total variation are Δa= -5.8%, Δb= -5%, Δc= -7.1, ΔV= -16.9 and Δa= -
1.4%, Δb= -0.9%, Δc= -1.1, ΔV= -3.4 for the m.e.w. and e.w. experiments, respectively.
The structural refinements indicated the presence of extraframework species even at the
lowest pressure investigated in both experiments. In the zeolite complessed in e.w., a chain of
water (w.) and ethanol molecules (e.) running along the 10 mR and 6mR ferrierite channels were
localized even at 0.2 GPa, accounting for a total of 5 w. and 3.6 e. The HP-induced increase of the
occupancy factors of the localized sites leaded a total load of 10 w. and 4 e. at 1 GPa (Figure 2).
The refinement at 0.2 GPa of ferrierite compressed in m.e.w. allowed localizing 15.6 w., organized
in similar chains. We cannot exclude the penetration of other species (i.e. methanol or ethanol),
which could be disordered on a number of low occupied sites.
Conclusions
The HP structural investigations of an all-silica ferrierite showed that, in both experiments,
the penetration of water and alcohols is achieved at very low pressure. All the species entering the
pores are arranged in chains running along the central axes of the channels. The interactions among
the extraframework molecular species and the framework oxygen atoms are very weak, due to the
hydrophobicity of the framework walls.
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