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A new framework topology in the dehydrated form of zeolite levyne
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abstRaCt

The thermoelastic behavior and structural evolution of a natural levyne-Ca [(Ca7.8 Na2.2K1.1)811.1 

Al20.0Si34.2O108�51.5H2O; R3m; a = 13.377(4) Å, c = 22.870(1) Å, V = 3544.1(3) Å3] were studied by 
both T-resolved synchrotron X-ray powder diffraction (SR-XRPD) between room temperature and 800 
sC, and by conventional-source high-temperature single-crystal X-ray diffraction (SC-XRD). Above 
230 sC, water loss and reallocation of extraframework cations induce the straining and consequent 
breaking of T-O-T bridges in the D6R, with resulting migration of tetrahedral cations to new tetrahedral 
sites. The new tetrahedra share an edge with the previously occupied tetrahedra. This phenomenon 
gives rise to a new topology, which coexists to about 40%, with the original one. The new framework 
consists of a sequence of a novel zeolitic cage (described as a 20-hedron formed by fourteen 6mR and 
six 4mR) and two consecutive cancrinite cages along [0001]. This topology, which is reported in the 
database of the hypothetical zeolite structures as 166_2_293, belongs to the ABC-6 family and can be 
described by the following sequence of 6-rings: ABCBCACAB, to be compared with that of levyne 
AABCCABBC. In the new topology the extraframework cations are distributed over 3 new sites: one 
at the center of the 6mR C [0001] shared by the two cancrinite cages, one near the center of the 6mR 
C [0001] at the base of the new cage, and a last one in a 6mR window of the new cage. The 8mR 
bidimensional channel system originally present in levyne is therefore absent in the new topology and 
hence molecular diffusion is likely to be partially hindered in the dehydrated form. The phase transition 
is not completely reversible, at least in the short term, as only partial rehydration was demonstrated.
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intRoduCtion

Zeolite dehydration mechanisms have been widely studied 
because the sorptive and catalytic properties of these materials 
are profoundly influenced by the dehydration and calcination 
processes, which occur at relatively high temperature (HT). The 
knowledge of the structural modifications induced by tempera-
ture and the definition of the stability field of these materials is 
of prime importance to assure their persistence and effectiveness 
in technological applications.

The behavior of zeolites upon heating, and the definition 
of the factors governing their stability, have been described by 
several authors (Alberti and Vezzalini 1984; Bish and Carey 
2001; Alberti and Martucci 2005; Cruciani 2006). Alberti and 
Vezzalini (1984) classified the structural changes induced by the 
heating of zeolites into three categories (the same classification 
was also adopted by Bish and Carey 2001): (1) reversible dehy-
dration accompanied by rearrangement of the cations without 
significant changes in the framework and cell volume; (2) com-
plete or nearly complete reversible dehydration accompanied 
by a strong distortion of the framework and a large decrease in 

cell volume; and (3) dehydration accompanied by topological 
changes in the framework.

In general, the changes occurring in this latter category are 
due to the breaking of T-O-T bridges and the migration of the 
tetrahedral cations to new tetrahedral sites. The new tetrahedra 
are called face-sharing tetrahedra (Alberti and Vezzalini 1984; 
Alberti and Martucci 2011) and have three vertices as before, with 
a new fourth apex occupied by H2O or (OH) groups. These bridg-
ing interruptions are induced by the strains of extraframework 
cations, initially located in the channels and solvated, migrated 
closer to the framework oxygen atoms to achieve a more suitable 
coordination after water release.

This process is mainly exhibited by zeolites with frameworks 
formed from chains of 4254 secondary building units (SBUs): 
stilbite (Galli and Gottardi 1966; Slaughter 1970; Mortier 
1983; Cruciani et al. 1997), barrerite (Galli and Alberti 1976; 
Alberti and Vezzalini 1978; Alberti et al. 1983), stellerite (Galli 
and Alberti 1975; Alberti et al. 1978), heulandite (Merkle and 
Slaughter 1968; Alberti 1972, 1973; Alberti and Vezzalini 1983; 
Alberti et al. 1985), clinoptilolite (Armbruster and Gunter 1991; 
Armbruster 1993), and brewsterite (Alberti et al. 1999; Ståhl and 
Hanson 1999; Sacerdoti et al. 2000; Alberti et al. 2001).* E-mail: rossella.arletti@unito.it


