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PH2O-dependent structural phase transitions in the zeolite mesolite:  
Real- and reciprocal-space crystal structure refinements
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Abstract

The response of the mesolite crystal structure (Na16Ca16Al48Si72O240·64H2O) to dehydration was 
evaluated as a function of temperature and partial pressure of water (i.e., PH2O or relative humidity, 
RH) using laboratory X-ray powder diffraction (XRD; CuKα radiation) and synchrotron X-ray pair 
distribution function (PDF) methods. At 425 °C under low-PH2O conditions (PH2O ≤ ~1.3 mbar), de-
hydrated mesolite preserved the long-range ordered aluminosilicate framework structure, which has 
not been previously observed. This new dehydrated phase, x-metamesolite, has unit-cell parameters 
[a = 16.731(3) Å, b = 17.822(2) Å, c = 6.312(1) Å, V = 1882.5(5) Å3, and possible space group Fdd2] 
similar to those of other dehydrated natrolite phases (either α1- or α2-metanatrolite). Conversely, 
under high-PH2O conditions (PH2O > ~1.3 mbar), dehydrated mesolite became amorphous (amorphous 
T5O10) at 425 °C. The local structure of amorphous T5O10 was characterized by PDF analyses, which 
showed the formation of twisted T5O10 nano-fibers [with dimensions (LWH) of ~6.9 × 6.9 × 6.3 Å] 
resulting from breakage of the mesolite aluminosilicate framework. The two distinct high-temperature 
PH2O-dependent phase transition paths illustrate the importance of considering the combined effects 
of temperature and PH2O in mesolite. In addition, the low-temperature phase transition in mesolite, 
involving order-disorder of the extraframework cations, also showed a PH2O-dependent transition 
temperature. Although, there is no path dependence on PH2O for this transition, the local arrangement 
of Na, Ca, and vacancies in disordered metamesolite (formed through the extraframework cation 
order-disorder phase transition) likely influences the thermal stability of the aluminosilicate framework 
during further heating.
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Introduction

Studies of the thermal behavior of framework silicate miner-
als such as zeolites have evolved out of the need to understand the 
physical and thermodynamic properties of minerals in the Earth 
and on its surface. The structures of zeolites are well known to 
be very responsive to changes in temperature, pressure, and the 
partial pressure of water (i.e., PH2O or relative humidity, RH). 
These variables are often investigated independently, and stud-
ies evaluating thermal and PH2O-induced reactions and structural 
phase transitions in zeolites are largely absent from the literature. 
Indeed, most previous studies focused on dehydration-induced 
reactions and phase transitions in zeolites by heating samples 
under partially saturated to dry conditions, where the PH2O condi-
tions were seldom monitored or controlled (e.g., Artioli 1997). 
Simply observing structural changes as a function of temperature 
without control of PH2O may result in an incomplete picture of the 
reaction and phase transition behavior in zeolites. Such combined 
information is important, as both natural and synthetic zeolites 
are used in a variety of industrial applications, for example, as 
catalysts at high temperatures and as adsorbents at lower tem-

peratures, usually in environments in which H2O can potentially 
participate in reactions.

Several lines of evidence emphasize the importance of the 
combined effects of temperature and PH2O in zeolite thermal 
reactions and phase transitions. First, zeolites are hydrous miner-
als and have crystal structures consisting of an aluminosilicate 
framework that creates a system of uniformly linked channels and 
cavities. Variable amounts of charge-balancing extraframework 
cations and H2O molecules occupy the channel system. Inter-
actions between H2O molecules, extraframework cations, and 
framework O atoms are very important in determining structural 
stability. Furthermore, their kinetic migrations with temperature 
have a great influence on zeolite thermal stability. Second, as 
the H2O molecules occupy much of the volume of the channel 
system and are ion-dipole attracted to the extraframework cat-
ions, a gain or loss of H2O molecules has a direct effect on the 
positions of the extraframework cations and an indirect effect on 
the framework. Third, both thermally induced (i.e., the response 
of the framework and extraframework cations to temperature, 
generally occurring as a result of dehydration reactions) and 
dehydration-induced structural transformation usually occur 
together. Because it is a challenge to separate these two effects, 
it is desirable to consider both effects together. Fourth, a recent 
successful study on PH2O-dependent structural phase transitions in 
natrolite (Na16Al16Si24O80·16H2O; framework type: NAT) showed 
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