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INTRODUCTION

Clinoptilolite and heulandite (structure code HEU) are zeo-
lite minerals with cell parameters a ª 17.7, b ª 17.9, c ª 7.4 Å,
b ª 116∞. They are isostructural and possess topological mono-
clinic symmetry C2/m. The structure is characterized by a two-
dimensional system of large channels composed of eight- and
ten-membered tetrahedral rings, commonly named channel A
(parallel to the c axis, ten-membered ring) and channel B (par-
allel to the c axis, eight-membered ring), respectively (Stolz et
al. 2000). The A and B channels are crosslinked by eight-mem-
bered C channels running parallel to the a axis and [102]. The
distinctive feature of clinoptilolite and heulandite is the Si/Al
ratio in the tetrahedral framework (Bish and Boak 2001;
Coombs et al. 1997). Silica-rich crystals with Si/Al ≥ 4.0 are
called clinoptilolite, and more aluminous samples with Si/Al <
4.0 are called heulandite. The highest Si/Al ratio found in
clinoptilolite is 5.7, and heulandite samples with the highest
Al content found in nature have Si/Al ratios of 2.6 (Bish and
Boak 2001).

Because of the low price and the availability of large quantities
from sedimentary deposits (saline, alkaline lakes, deep-sea sedi-
ments, and low-temperature tephra systems: Hay and Sheppard
2001), clinoptilolite is mainly used for technological applications.
However, due to the higher Al content in the tetrahedral frame-
work heulandite samples show higher concentrations of
extraframework cations and are usually of larger crystal size. Thus
heulandite is more suitable for single-crystal X-ray diffraction
experiments. Natural heulandite is mainly Ca-rich with approxi-
mate composition (Na,K)Ca4[Al9Si27O72]·24H2O (e.g., Armbruster

and Gunter 2001).
Besides the four stable strontium isotopes 84Sr, 86Sr, 87Sr,

and 88Sr, 22 radiogenic isotopes exist, of which 90Sr has the
longest half life (28.5 years). The stable isotopes are not harm-
ful to the environment. However, the radioactive isotopes 89Sr
and 90Sr are regarded as being among the most dangerous ra-
dioactive elements for organisms. In metabolic reactions Sr2+

behaves in a similar fashion to Ca2+, which is an essential ele-
ment in most organisms. Thus the radioactive element is incor-
porated in teeth and bone marrow of mammals where it emits
0.5 MeV b-radiation. Although the destructive effect of b-ra-
diation is restricted to short ranges, 90Sr forms a major hazard
to the human body due to uptake by the organism and the short
distance to the blood-forming marrow. The most frequent dis-
eases caused by radioactive Sr contamination are bone cancer
and leukemia (Ender et al. 1996).

Large quantities of radioactive Sr isotopes were released to
the atmosphere and biosphere during tests of nuclear weapons
and accidents in nuclear power plants (Kühn 1996; Monetti
1996), and 30–40 times the radioactivity of the atomic bombs
dropped on Hiroshima and Nagasaki were released to the envi-
ronment during the Chernobyl disaster (Armbruster 2001). A
large area had to be decontaminated of the radioactive isotopes
137Cs and 90Sr. About 500 000 tons of zeolites (mainly
clinoptilolite) were used for the construction of protective bar-
riers and for agricultural applications in the contaminated ar-
eas (Chelishchev 1995). Clinoptilolite filtration of the drainage
water of the encapsulated Chernobyl nuclear power plant re-
duced 137Cs contents by 95% and 90Sr concentrations by 50–
60% (Tarasevich 1996).

Due to the low price and the high selectivity for the fission
products 90Sr and 137Cs, zeolite minerals (mainly clinoptilolite* E-mail: ndoebelin@gmx.ch
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ABSTRACT

A Sr-exchanged heulandite crystal of composition Sr4.35Ca0.13(Al8.96Si27.04O72)·26H2O was used for
stepwise dehydration experiments. The crystal was heated for approximately 12 h from room tem-
perature to 250 ∞C in steps of 50 ∞C using an airflow-heater device. For single-crystal X-ray data
collection the crystal was quenched to –173 ∞C with liquid-N2 on the diffractometer. Due to pro-
nounced Sr order deviating from the topological symmetry C2/m, the structure was refined in space
group Cm for each dehydration state. The initial H2O content of 26 molecules per formula unit (pfu)
at room temperature decreased to 17 molecules pfu after heating at 250 ∞C. Heating to 270 ∞C
mechanically destroyed the crystal and a completely dehydrated state could not be studied. The loss
of H2O and accompanying migration of Sr caused a change of cell parameters: a and c slightly
decreased, b decreased, and b remained invariant, leading to a reduction of the cell volume. As Sr
loses H2O upon dehydration, it moves toward the C rings and forms stronger bonds to the tetrahedral
framework. With increasing dehydration the A and B ring become slightly compressed and elon-
gated. Initially highly populated Sr sites split into less populated sites caused by the loss of sur-
rounding H2O molecules.




