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ABSTRACT

Single crystals of the chabazite-type zeolite mineral willhendersonite, KCaAl3Si3O12·5H2O (from 
Bellerberg, eastern Eifel district, Germany), were studied by X-ray diffraction methods between 100 
and 500 K. The zeolite shows a phase transition from triclinic to rhombohedral symmetry between 350 
and 375 K under dry nitrogen and between 450 and 475 K under humid air. Under these conditions, 
the unit-cell parameters change from P1 at 350 K [a, b, c (Å);  (°); V (Å3) = 9.210, 9.210, 9.405; 
92.75, 92.80, 90.80; 795.8] to R3 at 375 K (a = 9.380 Å,  = 91.40°, V = 824.5 Å3), and from P1 at 
450 K [a, b, c (Å);  (°); V (Å3) = 9.215, 9.215, 9.415; 92.65, 92.85, 90.75; 797.5] to R3 at 475 
K (a = 9.375 Å,  = 91.35°, V = 823.8 Å3), respectively. The crystal structures were refined based on 
X-ray diffraction data collected at room temperature [P1; a, b, c (Å);  (°); V (Å3) = 9.248(5), 
9.259(5), 9.533(5); 92.313(5), 92.761(5), 89.981(5); 814.7(8)], at 373 K [P1; a, b, c (Å);  (°); 
V (Å3) = 9.205(5), 9.231(5), 9.442(5); 92.550(5), 93.086(5), 90.519(5); 800.3(8)], and at 423 K [R3, a 
= 9.411(4) Å,  = 91.48(1)°, V = 832.7(6) Å3]. Upon heating, the elliptical 8-rings of willhendersonite 
expand to a triangular shape in the rhombohedral structure with upper and lower rings in the double 
6-ring (D6R) twisted by 60° to each other corresponding to the center of symmetry in the center of 
the D6R. The changes in the framework are accompanied by migration of cations, partly assuming 
unfavorably low coordinations in the high temperature structure due to the loss of H2O molecules. 
Rehydration at room temperature yields the triclinic structure of willhendersonite, although the single 
crystals become polysynthetically twinned.
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INTRODUCTION

The rare zeolite mineral willhendersonite (will hereafter) 
with the general composition KxCa1.5–0.5x(Al3Si3O12)·5H2O (ide-
alized KCaAl3Si3O12·5H2O) was first described by Peacor et al. 
(1984), who studied specimens from a quarry near San Venanzo 
(Terni province, Italy) and from the Quaternary volcanic rocks 
of the Ettringer Bellerberg near Mayen (Eifel area, Germany). 
Structural investigations by Tillmanns and Fischer (1982) and 
Tillmanns et al. (1984) on single crystals from the German 
locality revealed the close structural relationship to chabazite, 
CaAl2Si4O12·6H2O, which has the same framework topology with 
framework type code CHA (Baerlocher and McCusker 2007). 
A further occurrence was reported by Walter and Postl (1984) 
from the nephilinites of the Stradner Kogel near Wilhelmsdorf 
(Styria, Austria), and a chemical and crystallographic description 
of a Ca-rich will from Colle Fabbri, a second locality within the 
volcanic rocks of the Terni province, was given by Vezzalini et 
al. (1997). 

The geometry of the triclinic unit cell of will (P1) with cell pa-
rameters a ~ 9.20 Å, b ~ 9.21 Å, c ~ 9.50 Å,  ~ 92.3°,  ~ 92.7°, 

and  ~ 90.0° is close to the reported idealized rhombohedral cell 
dimensions of chabazite with a ~ 9.41 Å and  ~ 94.3° (Gottardi 
and Galli 1985). In contrast to the average chabazite structure 
(R3m) with a random cation distribution over the tetrahedrally 
coordinated framework sites, the complete Al/Si ordering in the 
case of will leads to a lowering of the topochemical symmetry 
to space group R3. A similar feature is commonly observed for 
various forms of the synthetic AlPO4 analogues (e.g., Feng et 
al. 1997) with their corresponding Al/P ordering. The additional 
symmetry reduction in the structure of will to the observed 
triclinic form is caused mainly by a pronounced elliptical dis-
tortion of the double 6-rings [D6R, hpr (4662) units after Smith 
2000], the main structural building unit of the chabazite-type 
framework. Further contributions come from a nonrhombohedral 
distribution of the nonframework cations and molecules over 
three main crystallographic site clusters. In a similar manner, 
it is well known from optical (Becke 1880; Akizuki 1981) and 
X-ray investigations (Smith et al. 1964) that the real chabazite 
structure is triclinic, possibly as a result of a random arrangement 
of domains with high Al/Si order (Mazzi and Galli 1983). Other 
chabazite-type compounds with triclinic symmetry are reported 
for as-synthesized forms of AlPO4-34 (Simmen 1992; Harding 
and Kariuki 1994), GaPO4-34 (Schott-Darie et al. 1994), and * E-mail: rfischer@uni-bremen.de


