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Pressure-induced over-hydration and water ordering in gismondine:  
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INTRODUCTION

High-pressure (HP) structural studies on zeolites compressed 
in aqueous media have recently attracted great interest in the so-
called pressure-induced hydration (PIH) phenomenon (Lee et al. 
2004a), which is characterized by the penetration of additional 
water molecules into the zeolite channels. This over-hydration, 
and the consequent structural modifications, can in principle 
significantly modify the zeolite properties, opening possible 
new scenarios for their industrial applications.

The HP studies performed up to now on zeolites using “pore 
penetrating” P-transmitting media are summarized in Table 1; in 
the last column of this table the main structural changes induced 
by compression are noted. These experiments show that zeolites 
can undergo the following different effects: (1) HP-induced 
structural modifications, without over-hydration; (2) PIH, based 
on increasing occupancy of already existing water sites; and/or 
(3) PIH, accompanied by the onset of new water sites (see Ori 
2008 for a review). 

In the case of analcime, investigated by Gatta et al. (2006) 
using a (16:3:1) methanol:ethanol:water mixture (m.e.w.), a 
full structural refinement was performed, and no evidence of 
PIH was observed. The same result was also obtained for the 

fibrous zeolites edingtonite and thomsonite (Lee et al. 2004a) 
and mordenite (Gatta and Lee 2006), again studied employing 
m.e.w. In the last two investigations, the HP diffraction data 
were not good enough to allow detailed structural refinements, 
but in any case the authors rule out PIH on the basis of the 
analysis of the unit-cell HP modifications. In edingtonite (Gatta 
et al. 2004a, 2004b), an increase of the occupancy factors of the 
water molecule sites was observed upon compression. However, 
since the related errors were of the same order of magnitude as 
the observed variations, the authors assumed the absence of a 
true PIH effect. 

Several experiments performed compressing zeolites in hy-
drous ambient (Hazen 1983; Hazen and Finger 1984; Lee et al. 
2001b, 2002a) suggest the possible entry of water molecules into 
the cavities only on the basis of a positive volume discontinuity, 
without the support of detailed structural data (see Table 1 for fur-
ther information). Zeolite A was investigated both with distilled 
water and H2O-bearing methanol:ethanol (4:1) mixture (Hazen 
1983; Hazen and Finger 1984). The volume response to pres-
sure was considered dependent on the different P-transmitting 
media. As a consequence, the authors suggested that the different 
observed volume discontinuities could derive from sorption of 
water and/or alcohol molecules from the transmitting media. A 
similar interpretation of the P-induced cell-volume variations 
was proposed by Lee et al. (2001b) for NaCs, Cd, Li-RHO zeo-
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