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abstraCt

In situ high-pressure single-crystal X-ray diffraction studies of mesolite, an aluminosilicate composed of 
stacks of Na+-containing natrolite and Ca2+-containing scolecite layers in the ratio of 1:2, showed two discrete 
steps of pressure-induced hydration (PIH): first H2O molecules are inserted into the natrolite layers between 
∼0.5 and ∼1.5 GPa and subsequently into the scolecite layers. During the PIH in the natrolite layers, the 
coordination environment of Na+ changes from six to seven, the same as that of Ca2+ in the scolecite layers. 
While the natrolite layers behave as in the mineral natrolite, the scolecite layers show a different behavior 
from the mineral scolecite by adopting the super-hydrated natrolite-type structure at higher pressure, as a 
larger distortion is not favorable in the 1:2 layered framework. This spatial separation of inserted H2O dur-
ing PIH and the growing structural similarity of the two layers result in a weakening of k ≠ 3n reflections 
maintaining the 1:2 layer configuration. Our study of this unique behavior of mesolite provides a simple 
model of structuration under pressure, and the implications of our experimental findings are discussed.
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introduCtion

Structuration describes spatio-chemical heterogeneities in mate-
rials that drive chemical and physical processes in pores as well as in 
extended internal and external surfaces resulting in significantly dif-
ferent structures and properties. Nanoscale assemblies of water have 
a well-established and important impact on the stability, structure, 
dynamics, and function of proteins (Bellissent-Funel et al. 2016), 
in surface electrochemistry (Bockris and Khan 2013) and mineral 
dissolution (Zhuravlev 2000). Ordered and confined assemblies of 
water and cations in microporous materials are important model 
systems accessible to DFT calculations (Kremleva et al. 2013). 
The structuration of cations and molecules in pores of microporous 
materials by non-thermal pressure-driven supramolecular assem-
bly has allowed the synthesis of novel functional materials and 
hybrids that, in some cases, can be stable at ambient conditions. 
Post-synthetic modifications of the as-synthesized metal-organic 
framework (MOF) MIL-47V using pressure led to reversible and ir-
reversible pressure-induced exchanges of terephthalic acid template 
molecules by water and methanol, respectively (Im et al. 2015). 
After pressure release, methanol molecules not only remain in the 
MIL-47V pores at ambient conditions and form a new material but 
can only be removed after heating to 400 °C. More recently, it was 
shown that pressure can be used to form a unique two-dimensional 
network of spatially separated ethanol dimers and H2O tetramers 
in a hydrophobic all-silica zeolite ferrierite, which can be stabilized 
at ambient conditions (Arletti et al. 2017). Clearly the fact that the 
pore topology of the microporous material might become tailored via 

pressure to allow access for certain molecules is an important mecha-
nism to form new supramolecular assemblies of thermally unstable 
composites with potentially new functionalities. Our systematic 
investigations have shown pressure-induced hydration (PIH) (Lee 
et al. 2001) depends on both size and charge of the extra-framework 
cation (EFC) (Seoung et al. 2015). In the case of the small-pore 
zeolite natrolite (NAT), DFT calculations revealed the energetics 
behind the different PIH behavior of natrolites containing different 
monovalent EFC (Kremleva et al. 2013). The choice of EFC and the 
complex behavior under pressure of the EFC-assemblies provides 
another way to create new reversible (Lee et al. 2010, 2011, 2013) 
and irreversible supramolecular structuration in zeolites (Lee et al. 
2002a; Seoung et al. 2014).

The next challenge is to explore the high-pressure chemistry 
of microporous materials that contain EFC with different charges. 
One such material is mesolite [Na5.33Ca5.33Al16Si24O80·21.33H2O,  
Fdd2, a = 18.4049(8), b = 56.655(6), c = 6.5443(4) Å] (Ar-
tioli et al. 1986) which can formally be derived from natrolite 
(Na16Al16Si24O80·16H2O, Fdd2, a = 18.3, b = 18.6, c = 6.6 Å) (Smith 
1983) by replacing 2/3 of the Na+ cations by Ca2+ and H2O or from 
scolecite [Ca8Al16Si24O80·24H2O, Cc, a = 6.516(2), b = 18.948(3), c 
= 9.761(1) Å] (Kvich and Stahl 1985) by replacing 1/3 of Ca2+ and 
H2O by Na+ (Fig. 1). Natrolite, scolecite, and mesolite are small 
pore zeolites with the same NAT framework topology composed 
of T5O10 secondary building units formed by connecting five TO4 
tetrahedra (T = Si, Al) which are subsequently linked along the c-
axis to form so-called natrolite chains (Smith 1983). A fiber chain 
rotation angle, ψ, defines the geometry of the helical 8-ring channel 
in the projected a-b plane. The chain rotation angle ψ is defined as 
the average angle between the quadrilateral sides of the secondary 
building unit, T5O10. The smaller ψ observed in the mineral scolecite 
compared to ψ in the mineral natrolite signifies a more expanded 
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