The unforeseable structural response to increased temperature in microporous materials
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    The structural modifications induced by heating in microporous materials, and consequently the efficiency of their applications, often varies dramatically as a function of many parameters: topology, framework composition, exchangeable cations, structure direct agents, synthesis conditions, heating modalities, order-disorder in the framework, extraframework ion distribution and occupancy, location of acid sites, and many others. Recently, attempts to rationalize the zeolite structural changes due to heating treatments have been carried out by Cruciani [1], and by Alberti and Martucci [2]. However, in spite of the attempt to organize into a scheme the incredible variety of response to the heating of microporous materials, the structural modification are in some cases outside any foreseeable behaviour. For example, the main structural change of brewsterite framework, when heated by ‘ex situ’ technique, is the statistical breaking of a T-O-T bridge. Consequently a new topology is produced. This structural feature is not infrequent in zeolites [2]. The peculiarity of the heating induced phase transformation in brewsterite is the formation of a new pentacoordinated (Si,Al) polyhedron and a new (Si/Al) tetrahedron[3].After years of exposure time at room conditions framework cations regain their original positions whenever they form new T-O-T bridges, no matter whether they are four- or five-coordinated [4]. Brewsterite is also characterized by another peculiar form of behaviour upon heating.. When the dehydration process is performed by ‘in situ’ X-ray powder diffraction, i.e. far from equilibrium conditions, no indication of any T-O-T bridge breaking exists [5]. The heating behaviour of stellerite was studied both by ‘ex situ’ [6] and ‘in situ’ techniques [7]. In both cases the breaking of T-O-T occurs and a new topology is formed. Surprisingly, the breaking occurs in different T-O-T bridges of the framework so that different topologies are created. The structural response of both natural and B-levyne has been studied by ‘in situ’ X-ray powder diffraction. At about 400°C a T-O-T breaking occur and a tetrahedron rotates around one of its edge to form a new topology [Arletti, personal communication]. This process has been found for the fist time in microporous material. The evolution of the bond distances and O-T-O angles in B-levyne indicated the formation of trigonal boron but no topological modification occurs [8]. A natural zeolite gmelinite-Na heated at 400°C transforms by a reconstructive phase transition into a new phase with AFI-type topology [9]. Both phases are hexagonal. Whereas a parameter remains about exchanged during the heating process, c parameter dramatically decreases (from 10.06 Å at 30°C up to 8.40 Å at 440°C, a difference as large as 18%). An ‘in situ’ XRPD analysis showed that  the GME → AFI transition pass through a new phase which c parameter is about 9.2 Å, a value which is intermediate between those of GME and AFI.  In a short time this new phase transforms into AFI-type phase. Its crystal structure shows that one of the four symmetrically independent T site migrates to a new site owing to a T-O-T breaking, whereas another T site remains three-coordinated (in progress). Other examples of  unexpected response to increased temperature are discussed.
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