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In situ dehydration behavior of zeolite-like cavansite: A single-crystal X-ray study
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Abstract

To track dehydration behavior of cavansite, Ca(VO)(Si4O10)·4H2O [space group Pnma, a = 
9.6329(2), b = 13.6606(2), c = 9.7949(2) Å, V = 1288.92(4) Å3] single-crystal X‑ray diffraction data 
on a crystal from Wagholi quarry, Poona district (India) were collected up to 400 °C in steps of 25 °C 
up to 250 °C and in steps of 50 °C between 250 and 400 °C. The structure of cavansite is characterized 
by layers of silicate tetrahedra connected by V4+O5 square pyramids. This way a porous framework 
structure is formed with Ca and H2O as extraframework occupants. At room temperature, the hydrogen 
bond system was analyzed. Ca is eightfold coordinated by four bonds to O of the framework structure 
and four bonds to H2O molecules. H2O linked to Ca is hydrogen bonded to the framework and also to 
adjacent H2O molecules. The dehydration in cavansite proceeds in four steps.

At 75 °C, H2O at O9 was completely expelled leading to 3 H2O pfu with only minor impact on 
framework distortion and contraction [V = 1282.73(3) Å3]. The Ca coordination declined from origi-
nally eightfold to sevenfold and H2O at O7 displayed positional disorder.

At 175 °C, the split O7 sites approached the former O9 position. In addition, the sum of the three 
split positions O7, O7a, and O7b decreased to 50% occupancy yielding 2 H2O pfu accompanied by 
a strong decrease in volume [V = 1206.89(8) Å3]. The Ca coordination was further reduced from 
sevenfold to sixfold.

At 350 °C, H2O at O8 was released leading to a formula with 1 H2O pfu causing additional struc-
tural contraction (V = 1156(11) Å3). At this temperature, Ca adopted fivefold coordination and O7 
rearranged to disordered positions closer to the original O9 H2O site.

At 400 °C, cavansite lost crystallinity but the VO2+ characteristic blue color was preserved. Stepwise 
removal of water is discussed on the basis of literature data reporting differential thermal analyses, 
differential thermo-gravimetry experiments and temperature dependent IR spectra in the range of OH 
stretching vibrations.
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Introduction

Cavansite, Ca(VO)(Si4O10)·4H2O, is a porous layer silicate, 
dimorphous with pentagonite. The mineral’s name is derived 
from the chemical elements of which it is composed: calcium 
(ca-), vanadium (-van-), and silicon (-si). Discovered in 1960 at 
Owyhee Dam, Malheur County (Oregon, U.S.A.), cavansite is a 
relatively rare mineral (Staples et al. 1973). It occurs in cavities 
and veinlets in basalt and vugs in tuff as radiating greenish-blue 
prismatic crystals associated with calcite, analcime, thomsonite, 
heulandite, stilbite, and apophyllite (Staples et al. 1973). How-
ever, the largest and best samples come from Poona district in 
India where cavansite occurs in tholeiitic basalts of the Deccan 
Volcanic Province (Phadke and Apte 1994), and in pores of 
altered basalt breccias and tuffaceous andesite in association 
with calcite, heulandite, stilbite, and rare apophyllite (Powar and 
Byrappa 2001). More recently, cavansite has also been reported 
from basalts in Rio Grande do Sul in southern Brazil (Frank et 
al. 2005) and from Aranga quarry, Kaipara district, North Island 
New Zealand (Thornton 2004).

The structure of cavansite was solved by Evans (1973) 

but crystal quality and experimental setup did not allow the 
determination of hydrogen positions. However, Solov’ev et al. 
(1993) reported the location of the hydrogen atoms attached to 
H2O molecules. Corresponding identifications of hydrogen-bond 
systems have recently been repeated by Hughes et al. (2011).

The atomic arrangement in cavansite consists of undulat-
ing pyroxenoid-like (SiO3)n chains joined laterally into sheets 
parallel to the a-c plane to form a network of four-and eight-
membered rings in (010). Adjacent chains have the tetrahedral 
apices pointing alternately up and down along the b axes (Evans 
1973). The sheets are cross-linked via the basal square of VO5 
pyramids, which are completed by one short apical V-O bond 
of ca. 1.6 Å (e.g., Evans 1973; Solov’ev et al. 1993; Hughes et 
al. 2011) named vanadyl group. This VO2+ ion is responsible 
for the brilliant sky blue color of the crystals (Rossman 2011). 
A porous three-dimensional framework is formed by the linkage 
of tetrahedral sheets with VO5 square pyramids. Large cavities 
in the structure are occupied in zeolite-like fashion by Ca and 
coordinating H2O molecules. Calcium has four bonds to oxygen 
atoms of silicate tetrahedra and four bonds to H2O molecules 
completing an eightfold coordination.

The cavansite framework shows strong similarities to that of gis-
mondine, CaAl2Si2O8⋅4H2O. However, in gismondine the exposed * E-mail: rosa.danisi@krist.unibe.ch


